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Abstract 
This thesis creates a database based on transaction yields and transaction prices to construct 
metrics that enable effective investment research to be conducted on UK offices.  

Performance indices based on valuations, reflecting annual, quarterly or monthly frequencies 
have been used in the commercial property industry for decades. There have, however, been 
longstanding concerns with the use of such indices in the UK and beyond. These have been 
investigated in a substantial pool of academic literature that also dates back decades. One major 
issue identified in respect of these indices relates to the smoothing of returns. This reflects the 
concern that current and previous valuations, particularly in respect of monthly and quarterly 
frequencies, are highly correlated.  

Suggested answers produced by academia to date include mathematical tools employed to ‘de-
smooth’ valuation-based measures. An alternative approach mainly coming out of the USA has 
suggested using transaction prices, allowing for the small portion of a market that is traded 
during a measurement period. The literature relating to transaction-based measures, again, 
spanning decades, has largely settled on using a mathematical process based on interpolating 
price movements between a series of properties which have been sold more than once – ‘repeat 
sales’. The use of repeat sales brings its own issues, namely the reduction of the sample size of 
transactions plus the reliance on an established footprint of a building, that may have been 
altered, rather than issues relating to leasing terms, for example, being used as the final arbiter 
of the categorisation of property.  

This thesis takes headline transaction prices – yield and price – for UK office properties that have 
been collected on quarterly basis over the period between January 1999 and June 2018. A range 
of transparent filtration processes are then used to clean the data, producing a database that 
forms the basis of a range of relevant measures.  

Data is segmented into a range of geographic categories that the thesis defines as CUKOs 
(Category of UK offices). These definitions stand as Big Cities, London and Rest of UK. Having 
defined the CUKOs, the transaction-based data is used to produce variables including weighted 
yields and the (nominal and real) risk premium. These headline measures are subjected to 
various statistical tests to determine their validity. The headline measures are then converted into 
explicit performance metrics, based on the ‘point-to point’ yields adjusted for income growth’ as 
and measures based on repeat sales covering price change and total return. These are 
compared with existing appraisal-based counterparts.  

The metrics are then used practically in respect of quantifying risk and the effective application of 
portfolio theory to the UK commercial office market.  

The thesis demonstrates that it is possible to take relatively straightforward data and convert it 
into measures which are relevant and effective. Given the increasing risk of opacity produced by 
a combination of industry consolidation and proprietary restrictions on the availability of data, the 
thesis provides a straightforward and cost-effective method of addressing some of the major 
issues now facing investment researchers covering real estate in the UK and further afield. It also 
explicitly demonstrates some of the shortcomings of the repeat-sales methodology and its 
application to non-London offices.   
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Chapter 1 Introduction 
 

1.1 Introduction 
Investing in commercial property has always presented challenges in comparison with other 
mainstream asset classes. The mainstream asset class label used in this thesis refers to equities 
and fixed income investments often described as bonds. These mainstream assets are often 
described as ‘paper’ assets. Commercial property contains features in common with these other 
asset classes but also possesses unique characteristics that complicate direct comparison. 
Given the targeting of a common pool of investment capital that has become increasingly globally 
integrated since the 1980’s, those operating within the commercial property arena need to speak 
the language of those mainstream asset classes in order to make an effective and realistic case 
for investment in a highly competitive environment. This means on occasion speaking explicitly 
about price rather than appraised value or investment worth.  

 
The principal objective of this thesis is to create a database based on office transaction prices 
that enables researchers and strategists to interrogate the UK office market. The successful 
creation and use of this database will contribute in a direct manner to more effective deployment 
of investment capital into the market. It will also present a methodology behind the database 
construction that reduces reliance on valuation/appraisal-based metrics. For the purposes of this 
thesis, valuation and appraisal are used interchangeably.  

 
The study explores the UK commercial office market over the period 1999-2018. Valuation based 
measures have a history in the UK that dates back principally to the 1980’s. This reflects the 
emergence of Investment Property Databank1 (IPD) into the UK and other national markets. IPD 
gradually evolved into a global benchmarking service. The establishment of IPD enabled 
commercial property analysts in the UK to benefit from the availability of a range of metrics. 
These included capital growth, rental growth and total return measures. This facilitated a form of 
comparison with equities and fixed income assets. A recent study into UK benchmarking 
practices (Trevillion et al, 2018) confirmed that valuation-based measures remain at the heart of 
strategic planning and investment processes adopted across a wide range of major investors 
operating in the UK market.  
   
There has, however, been a long-standing academic debate, about the effectiveness and validity 
of these valuation-based measures. This debate has been of greater significance in the USA. 
There have been concerns about the low levels of volatility that the measures produce. 
Valuation-based metrics suggest levels of quantified risk adjusted performance that are not 
aligned with investor perspectives on the true risk of investing in the asset class. Given the 
losses experienced by UK commercial property investors in the crashes of 1973-74, 1989-90 and 
2007-08, the accurate assessment of risk adjusted performance is crucial if the asset class is to 
establish and maintain its credibility across the widest spectrum of investors.   
 
This thesis therefore seeks to use transaction prices that are more directly comparable with the 
information that drives performance indices in other asset classes. Creating metrics from 
transaction prices is not straightforward due to a range of reasons that are covered in detail in 

 
1 IPD was acquired by MSCI (Morgan Stanley Capital International) in 2012 and all indices and services are 
branded now as MSCI under their private real estate  umbrella of services – see https://www.msci.com/public-
private-real-estate-indexes  
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Chapter 2. A summary of the main issues would include consequences resulting from the fact 
that no commercial property market is ever traded in entirety over a measurement period. Every 
individual property asset is, to some extent, unique and the range of properties traded in a 
measurement period cannot explicitly match the properties traded in the previous measurement 
period. These issues, again, mostly in respect of the USA, have been considered in a substantial 
pool of academic literature.  
 
It is an alternative approach, however, that this thesis employs in respect of the UK office market. 
In the UK, homogeneous groups of assets have long been considered to reflect a combination of 
property type and geographic boundaries. The approach to this thesis sought to determine 
whether categories of office properties can be defined that are sufficiently homogenous. This 
would ensure that comparisons between the properties that are sold in successive measurement 
periods can produce metrics that: - 
: 

 Are plausible and reflect the genuine investor experience 
 Accurately capture periods when pricing is irrational  
 Address some of the challenges inherent in the use of valuation-based measures 
 Contribute in a meaningful way to the analysis that can be delivered by those 

researching the UK office market 
 
In addition to exploring the academic debate on the validity of transactions versus valuation-
based measures, the thesis seeks to establish the practical value of the metrics created. This is 
to be achieved comparing with existing appraisal-based measures. The appropriate 
quantification of risk and application of portfolio theory is also undertaken. 
 

1.2 Aims and objectives of research  
The specific objectives of this research are summarised below: - 
 

 To provide an alternative and practical methodology that mediates the long-standing 
issue of appraisal-based analysis  

 Identifying and exploring the scale and statistical properties of the risk premium relating 
to UK commercial offices  

 Integrate the theory behind the creation of transaction-based indices into the 
methodology and assess the validity of repeat sales techniques in respect of UK office 
markets  

 Determining whether the use of transactions in subsequent quarters can produce reliable 
or relevant metrics, comparing with repeat sales-based samples when constructing 
transaction-based measures 

 Analysing current definitions of UK office market segments and improving wherever 
possible 

 Identify wider applications of the data created in relation to risk management and portfolio 
construction  

 Transforming a limited dataset into a method which is realistically available to investors at 
reasonable cost. 

 

The identification of mispriced assets or markets remains the core objective of the investment 
analyst. The development of portfolio theory since Markowitz (1952) and the Capital Asset 
Pricing Model (CAPM) devised by Sharpe (1964) have had sustained impacts on how investment 
markets are interpreted and analysed. The exploration of the degrees of market efficiency going 
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back to Fama (1970) and the more recent expansion in behavioural finance as described by the 
likes of Shiller (2000) has contributed to the practice of investment analysis. Behavioural finance 
has a particular emphasis on whether investors are rational or not.   

The intention is to apply the logic of pricing analysis to the commercial property market in an 
explicit manner, comparing property directly with mainstream asset classes by using the metrics 
normally applied to those other asset classes. This is in line with the path adopted by Fraser 
(1986a) who following the logic of portfolio analysis (CAPM) established in respect of other asset 
classes by Sharp (1964) and the efficient market hypothesis (EMH) as developed in and 
subsequent to Fama and Malkiel (1970). It does not follow the analysis of Baum and Crosby 
(1988) who adapted the language of other asset classes for use in the commercial property 
appraisal model.  

The Global Financial Crisis (GFC) of 2007-08 highlighted the clear links between UK commercial 
property and wider investment market. This could be seen through the rapid and unsustainable 
growth in debt, as explored by Jones et al (2018) or the contemporaneous crash in property and 
equity prices as the crisis intensified in the later part of 2008. This undermined one of the 
principal claims made by advocates of commercial property that it helped diversify risk across 
multi-asset portfolios. At the time of the ultimate test in 2008-09, it failed to do so.  

The traditional view of property returns considers an endogenous cycle where construction 
responds to changes in economic demand, altering rental values and pricing as advocated in 
Barras (1984) and Key et al (1994). An alternative perspective was established in the run up to 
and aftermath of the GFC where this mechanistic view of an integrated property cycle became 
secondary to the exogenous factors of investment demand across the wider realm of asset 
classes. This reflected the appetite for risk and availability of capital at given points in time. In the 
UK, the run up to the GFC saw yields continue to tumble even as rental values remained 
sluggish, contravening the perceived wisdom of the time. This thesis considers the pricing of 
property in that context.  

1.3 The commercial property risk premium 
In order to assess the pricing of commercial property in the language produced in respect of 
other asset classes, the path outlined by Fraser (1986a) demonstrated that an investor’s required 
rate of return was determined by a combination of the prevailing risk-free rate and the risk 
premium. This provided a straightforward methodology to identify mispriced markets. 
Commercial property has long used long-term government bonds as a proxy for a risk-free rate 
even whilst the actual returns produced by long-term government bonds have proved volatile, 
particularly in periods of major swings in the level of inflation. The risk-free rate as defined by 
government bonds, whether calculated on a real or nominal basis, is readily available information 
that can be integrated into investment analysis.  

The commercial property risk premium also must be calculated. Literature on the risk premium 
ranges from some of the industry ‘rules of thumb’ that have been in common use with 
practitioners for decades as identified by Scott (1996) or the building bloc approach detailed by 
Sayce (2006) and Baum (2015). The results from direct surveys as conducted by Blundell (2014) 
are also relevant. The literature has placed the commercial property risk premium at a level of 
circa 3% nominal and 5%+ when compared with index linked gilts.  

The calculations of the risk premium, particularly in respect of the building bloc approach have 
utilised appraised values for commercial property. The wealth of literature in the most effective 
means of conducting appraisals is covered in (Baum and Crosby, 1988, 1995, 2008). This area 
of literature concentrates on explaining how accurate appraisals can be constructed from the 
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effective harnessing of information on rental values, existing and projected, as well as outlining 
how to derive an appropriate discount rate. In terms of direct comparison with other asset 
classes, this area of research is aligned with the models that seek to explain the intrinsic worth of 
equities and bonds that are covered in many financial textbooks e.g. Ross et al (1996) or Elton et 
al (2014).  

What the appraisal literature does not do is calculate the risk premium based on what the market 
has delivered. Appraised values will contain a substantial amount of information derived from the 
most recent market pricing and those values form the basis of the risk premium calculation. 
Nevertheless, there remains that subjective element of how new information is integrated into 
current appraisals. This subjective element will affect directly on expectations for future market 
movements, particularly in the short term. This is different to the situation in other mainstream 
asset classes where traded pricing statistics are available on an immediate and voluminous 
basis. One of the clear motivations behind this research is to ascertain the effectiveness of 
investment research that can be undertaken by using the limited pricing information that is 
available.  

A further issue in respect of the commercial property risk premium that needs to be considered is 
its stability. There is a degree of previous research that has investigated this question in the past 
(Hutchison et al, 2012) and (Jones et al, 2015). Commercial property returns have been subject 
to a few violent swings and the scale of the crash brought about by the GFC has necessitated a 
reassessment of the scale of risk that should be applied across asset classes. The implications 
of modest levels of real interest rates that extend over a sustained period are only just beginning 
to be addressed. One single average risk premium is unlikely to apply even across small study 
periods and one of the crucial questions to address is to determine whether one sustained period 
of pricing that appears to be high or low in comparison to ‘perceived wisdom’ represents an 
anomalous period and prices will adjust to levels within the confines of that perceived wisdom.  

The alternative is that the asset class or segment of the market has passed through a threshold 
and established a new level of pricing. Using the word equilibrium indicates an assumption that 
the level is correct so perhaps the word settled is more illustrative of the situation. Moving 
through pricing thresholds has major implications for standard linear modelling of prices and may 
require alternative approaches to be pursued in this area. This might include systems-based 
modelling where prices can breach boundaries and establish alternative levels where existing 
relationships with explanatory independent variables have changed in a fundamental sense. One 
of the objectives of this research, therefore, is to determine whether the scale of the property risk 
premium has changed categorically since the GFC. 

1.4 The commercial property price (yield) 
The basic model of constructing investment returns discussed in (Fraser, 1986a, 1986b, 1993) 
also referred to the calculation of expected returns. This relationship was determined by the level 
of return generated by the distribution of revenue inherent in the existing price and an element of 
expected returns that reflects anticipated growth rates in respect of those distributions. The 
inclusion of a growth rate tied commercial property more explicitly to equities than bonds given 
the static nature of distributions in relation to the latter asset class. The relationship between the 
scale of returns received now and returns likely to be received in the future has long reflected the 
fundamental ‘growth versus value’ debate. This is particularly relevant for commercial property as 
the sector, when considered in terms of the equity market, has been priced in both categories.  

This is illustrated in Figure 1.1. The transformation in pricing of the commercial property sector as 
defined by Real Estate Investment Trusts (REITs) and all equities between the beginning of the 
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millennium and the period immediately prior to the GFC can only be described as dramatic. The 
UK Commercial property sector as defined by quoted real estate investment companies entered 
the millennium with dividend yields almost twice the level of the FTSE average. The FTSE 
average dividend yield at the time was lowered by the valuation of companies in the dot-com 
boom where the relationship of dividends to share price appeared to reward companies that did 
not pay dividends. This resulted in basing prices on what turned about to be hugely optimistic 
growth assumptions. At that time, commercial property was also still addressing a credibility 
issue with many investors that had lost substantial sums of money during the crash at the start of 
the 1990s.  

 

Figure 1.1 UK REITs and FTSE All-Share - Dividend yields 2000-2019  
Source: Datastream - mnemonics FTALLSH(DY) and REITSUK(DY)  

After the dotcom bubble imploded, however, UK property began to be cast in a different light, 
despite the supply related travails of the London office market and slump in the Thames Valley 
office market. Investors, attracted by elevated levels of initial yield and lower interest rates 
reducing financing costs, poured into the market. The rapid expansion in investment demand 
directly contributed to rising capital values and lower headline property yields. Commercial 
property equity yields tumbled and fell below 2% prior to the onset of the GFC. The peak of the 
market also coincided with the confirmation and establishment of the formal Real Estate 
Investment Trust (REIT) corporate structure that established UK listed property companies could 
convert to. New companies could set themselves up directly as REITs. This settled, to a great 
extent, some of the longstanding taxation issues that had dogged such property companies for 
decades. This was also a period when debt flowed into the commercial property market in terms 
of financing for specific assets and through corporate borrowing. This period was captured in 
detail by Jones et al (2018). 

The onset of the GFC, however, saw a dramatic reversal in fortune and some of the biggest 
property companies in the UK with track records extending back decades were, in effect, priced 
to fail. Dividend yields in the REIT sector rose to a scarcely credible 16.5% by March 2009. In 
August 2007, the equivalent measure was 2.3%. Raising equity in the markets at the time, at a 
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substantial cost, ensured the survival of the major quoted property companies and equity prices 
have, since moved to a level much closer to the broader equity index. 

What this discussion shows is that the context in which property sits relative to other asset 
classes is vital and the relationship of property shares relative to the wider equity market is one 
of the most transparent indicators able to demonstrate this context. The dividend yields for REITs 
will be affected by broader equity market issues. In comparison to direct property, REITs 
incorporate the greater liquidity offered to investors but carry an allowance for risk as defined by 
the scale of debt contained within individual organisations and the broader sector. Nevertheless, 
there is a clear relationship between the price of property shares and the performance of direct 
assets in the long term. This can be seen in the discount or occasional premium to net asset 
value over time. There is also research that explores the link between property equity returns and 
appraisal-based measures as demonstrated by the likes of Barkham and Geltner (1995) together 
with Booth and Marcato (2004). The scale of volatility in the total returns of property shares, 
however, as detailed in the quantification of risk discussed in Chapter 7 (Table 7.2), ensures that 
the risk/return trade off from investing in property shares, considered over the study period and 
beyond, is not particularly flattering.  

The commercial property yield most applicable when comparing direct property prices with 
alternative asset classes at a broad market level is, from the perspective of this thesis, the initial 
yield. The initial yield reflects the existing contracted rent payable in relation to the price paid - or 
latest appraised value - (usually adjusted to include sales costs) for the asset or market. The use 
of contemporaneous cash flows that exist at a given point in time is directly comparable with the 
coupon receipts and dividend payments of alternative asset classes. In observing the impact 
over an extended period, an allowance needs to be made for the increase or change in 
contracted rental income payments over that period. Although linked the level of rental value 
growth, the adjustment required will need to reflect the structure of leases including review 
periods, rent-free periods, the level of vacancies, etc.  

Much of commercial property research has focussed on the equivalent yield or appraised 
investment worth (Baum and Crosby, 1988). This concept, in essence, adjusts the actual cash 
flows received to the contemporaneous market rental value of those cash flows, mostly at the 
level of individual leases. This replaces pricing based on actual cash flows to the assumed worth 
of an investment to an individual investor. The concept of rental value invariably brings a degree 
of subjectivity to the process. This subjectivity involves sourcing relevant comparable 
transactions that can be applied to defining the market rental value, and calculated rental value 
growth, before applying further subjectivity in relation to the extent that this filtered information 
should be applied to the asset or leasing income stream in question.  

In other asset classes, the determination of what an asset is worth or whether it is correctly 
priced is left, to a large extent, within the private fundamental analysis models of the analyst. The 
factual measure of income distribution as a proportion of the asset price is taken as the 
unambiguous market price. This greatly assists analysts of all persuasions in determining a 
transparent market price. By using the most comparable measure of an initial yield, researchers 
exploring the commercial property market can determine whether the initial yield represents a 
positive or negative case for investing in that asset class at a particular point in time. Of course, 
liquidity concerns and management costs have a major impact on the evaluation of the headline 
figure, but the role of an investment analyst is to interpret these interacting variables effectively.   

Another reason behind supporting the use of an initial yield rather than an equivalent yield type of 
measure applies to an investor considering investing in commercial property at a multi-asset 
class level. The weighted initial yield of a commercial property market sector will contain a 
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proportion of assets or parts of assets that are vacant, for reasons that might be positive or 
negative e.g. a unit being upgraded or where a particular building is obsolete. The return 
available from the market at a given point in time will therefore reflect the level of vacancy. The 
equivalent yield will indicate the earnings on offer if all vacant units are let at market value, along 
with reversionary units whilst over-rented units will continue to reflect the contracted value.  

An analyst considering the revenue generated from the market as it stands, however, needs to 
consider the scale of vacancy at a given point in time. The next measurement period will contain 
a level of vacant units which will again be picked up through the initial yield measure with the 
likelihood of some units having remained vacant, some previously vacant units now income 
producing whilst other units previously income producing having become vacant. Point to point 
interrogation of initial yields should capture these market dynamics at an aggregated level. It will 
never be perfect, given the use of stepped rents and rent-free periods, but these tend to be a 
modest proportion of the contracted rental income stream when considered at a market at a 
given point in time. Changes in the initial yield, therefore, indicate the point-to-point movement in 
prices in a more comparable, more objective manner than equivalent yields. The explicit 
definition of net initial yield has long been used within commercial property organisations such as 
CBRE and JLL to denote pricing movements over time (the author has direct experience of the 
collation, dissemination and application of this measure within such an organisation). The initial 
yield, therefore, represents an appropriate measure for constructing an investor’s expected rate 
of return.  

It is acknowledged that relying on the yield as a catchall measure to denote the relative quality of 
buildings is a significant assumption. There is no explicit allowance for capital expenditure, 
depreciation or improvement spending within the initial yield calculation. The assumption for this 
thesis is that these factors will be reflected in the aggregated yield. Where such features impact 
on the individual asset yield to the degree that the measure in respect of an individual asset is 
distorted, the yield measure will stand as an outlier within the distribution of yields over the stated 
measurement period.  

1.5 Challenges of appraisal-based measures 
The bedrock source for investment research on UK commercial property continues to be long-
established databases constructed from valuations. In respect of this thesis, the measurement 
period is defined as quarterly. In the UK commercial property sector, however, concerns, as in 
the US, have been expressed as to the validity of valuation-based measures. The principal 
concerns about the use of such metrics include: - 
 

 Smoothing, temporal and spatial aggregation within the appraisal process produces 
statistics that do not provide investors with accurate quantification of market risk 

 Appraisal based indices do not accurately reflect the scale of market movements when 
placed under extreme conditions or when fallow markets produce limited evidence and 
uncertain information 

 The high degree of autocorrelation and predictability in appraisal-based returns is a major 
challenge to the degree of market efficiency that most practitioners face in reality 

 The process of draft valuations and structure of client relationships results in a conflict of 
interests that can impugn the degree of independence that even the most effective 
valuation professionals can exercise 

 The basic method(s) of conducting valuations introduce a degree of subjectivity that 
restricts the production of open and transparent market pricing.  
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The academic literature has suggested that valuation-based metrics used in the UK may not 
possess the negativities relating to the use and application of such measures in the USA. 
Devaney and Diaz (2011) supported a view that has been expressed since Barkham and Geltner 
(1994) that UK markets may be more informationally efficient than their US counterparts. 

The history of the academic debate and implications for practical usage in terms of appraisal-
based measures was effectively highlighted and summarised in Key and Marcato (2007). This 
debate is assessed in Chapter 2 with emphasis on some of the solutions proposed that 
ameliorate as opposed to remove the issue. Nevertheless, the valuation/appraisal-based 
measures referred to continue to play a major role in the investment process to the present day. 
This was confirmed by many of the major players in the UK investment market with direct 
evidence produced in responses to the survey on benchmarking practices conducted by 
Trevillion et al (2018). 

1.6 Transactions based measures: Progress with caveats?  
Another response to the issues raised by appraisal-based measures has been to use transaction 
prices to form the basis of alternative metrics. The literature referring to transactions-based 
indices is long standing. Bailey et al (1963) outlined how a repeat sales methodology could 
generate synthetic transaction prices between data points. Interest in and application of 
transactions-based measures have always been far more pronounced in the USA than in 
comparison to the UK. They have also been used to a greater extent in respect of residential 
markets, given the higher number of separate transaction prices and the perceived 
homogeneous nature of residential properties, particularly in relation to apartments.  
 
The literature so far has concentrated on developing two separate methodologies. One reflects a 
hedonic2 modelling technique that attributes price movements to several building characteristics 
including location, size, age and leasing structure. These variables are quantified through a 
hedonic regression model, allowing the derivation of a constant quality pricing measure through 
controlling for the range of explanatory variables.  

The second methodology, the one that has come to dominate the provision of transaction-based 
measures, has been based on constructing metrics through using repeat- sales regression 
techniques. A number of breakthrough papers in the development of repeat sales indices for 
commercial property markets, again focussed predominantly on the USA, were produced by 
Gatzlaff and Geltner (1998), Fisher et al (2003), Fisher et al (2007),  Geltner and Pollakowski  
(2007) and Geltner and Bokhari (2008).  

The later papers were based on transactions data sourced from a private company called Real 
Capital Analytics (RCA). Real Capital Analytics, headquartered in New York, collates information 
on transaction prices from around the world.  RCA’s website3 states that since 2000, it has 
recorded data on transactions totalling more than $18 trillion.  

This area of academic research has evolved into the formal publication of commercial property 
price indices (CPPI) based originally in respect of markets within the USA. Indices based on this 
methodology have been branded, since 2006, as Moody's/Real CPPI, later the Moody's/RCA 

 
2Hedonic modelling for transactions-based measures attributes price movements to a number of building 
characteristics including, location, size, age and leasing structure - all measures that have to be codified and 
standardised - that are then quantified through a hedonic regression model. This enables the derivation of a 
constant quality pricing index by controlling for the range of defined attributable factors.   
3 https://www.rcanalytics.com/company/about-rca/ 
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CPPI. They are now branded as RCA Commercial Property Price Indices (RCA CPPI). CoStar 
also produces repeat sales measures in respect of several US markets.   

There has, however, been a steady expansion into other global markets including the UK. RCA 
announced the launch of a range of commercial property price indices for the UK in 2013. For 
offices, these now cover price indices for London, separated into Central London, London City, 
London West End and Outer London. They also cover ‘Big 6’4 markets, ‘South-eastern’ and the 
Rest of UK. The production of indices at a defined office segment level does not align with the 
analysis produced by Devaney and Diaz (2011) who stated that a credible series for UK 
transactions-based measures could not be constructed below the three main sectors of office, 
retail and industrial properties. This statement is explored and assessed in Chapter 5.  

The development of transaction price measures in the UK has yet to fully establish itself in the 
investment decision making processes and strategic analysis conducted by major players in the 
UK market. In summarising the current situation, the Investment Property Forum’s (IPF) recent 
report on benchmarking practices, Trevillion et al (2018) specifically asked a number of 
interviewees concentrated in senior research, strategic or fund management roles, concerning 
the extent of any appetite for or actual use of transactions based measures that might be 
happening within the UK. The responses indicated that there were no instances of formal 
adoption of transactions-based measures. The reasons stated included the concern that there 
was no average level of market activity in a stated measurement period and no history upon 
which to base a robust benchmarking tool. There was, however, a substantial degree of interest 
in how analysis in this area could be developed and applied when determining strategy. 

The theory behind and issues facing the practical use of transactions-based measures are 
discussed in detail in Chapter 2. It is worth, however, highlighting the fundamental issues here. 
The use of the repeat sales technique as the basis of pricing measures invariably removes a 
substantial proportion of the actual transactions conducted from the sample. This is noted in 
Chau et al (2005) who suggested that only 23% of transactions over a ten-year period were 
repeat sales. Geltner and Ling (2007) also explicitly noted the limited sample of repeat sales, 
suggesting they do not reflect ‘a representative or random sample’ p 111. Chegut et al (2013) 
produced a study on establishing a London commercial property price index. They noted that the 
unfiltered repeat sales sample of transactions only exceeded 200 in the peak year of 2006 and 
remained at less than 150 from 2008 through to the end of its analysis in 2011. Standard filtration 
techniques reduced this modest sample even further.  

Given the number of transactions recorded over the period invariably exceeded the repeat sales 
sample by a multiple figure, the question has to be asked as to whether the theoretically imposed 
reliance on repeat sales is bringing about its own distortions and problems. There might well be a 
case of over-reliance on the mathematics underpinning the index modelling process being able 
to generate robust metrics, particularly over periods where transaction activity is extremely 
limited. In such instances, the concept of removing many investment transactions and relying on 
the smaller sample of repeat sales to produce effective metrics is open to challenge. It is a 
hypothesis of this thesis that the repeat sales indices along the lines of constructed by RCA can 
struggle with this issue, particularly in respect of non-London office markets. This is debated in 
Chapter 5 where measures constructed using the repeat-sales technique are presented.    

The reliance on the existing repeat sales techniques in the UK brings about further practical 
issues. The complex mathematics used within the process, as detailed in Chapter 2, by its very 

 
4 ‘Big 6’ for this index refers to Birmingham, Bristol, Edinburgh, Glasgow, Leeds and Manchester  
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nature, restricts its use as a practical tool. Many operators within the industry, from a traditional 
surveying background, are unlikely to have in depth experience of the mathematics involved in 
the creation of repeating repeat sales measures. The process compares unfavourably with the 
aggregated appraisal approach undertaken by MSCI. Within a property context at least, this 
process is far more transparent and easier to understand. The fact that benchmarking fund 
performance relies on the measure that is used ensures that any opacity in that measure will 
impact on its adoption.  

A related issue in terms of the application of repeat sales-based measures lies in the wider 
distribution of measures to the market. Given the scale of research and analysis undertaken in 
the creation of transactions-based measures, it is no surprise that the likes of RCA place a 
substantial proprietary value on the concept and output. At the time of writing, it is noted that ten 
headline indices produced in respect of the USA are available on a ‘fair use basis’. For all other 
indices including all the ones covering the UK markets, these are only available on a subscription 
basis. These subscriptions invariably restrict the amount of information that can be pushed into 
the public domain. Subscribers to the service are likely to believe the use of these analytics 
provides them with an edge over competitors so have their own incentive to limit wider 
dissemination.  

The construction of CPPI metrics as has happened to date, therefore, has done little to enhance 
the transparency of commercial property, particularly in the wider context of producing direct 
comparisons with mainstream alternative asset classes. Furthermore, the level of consolidation 
within UK financial institutions that invest in commercial property also presents a challenge. It is 
questionable whether commercial property pricing indices as a proprietary premium data product 
can be sustainable in the longer term, given the remorseless decline in the likely customer base. 
Geltner and Ling (2001, 2007) explicitly noted the requirement for market research data to be 
‘accessible widely to industry and academic researchers at a reasonable cost. The answer for 
the authors lay in the formal separation data used for benchmarking and research purposes. It is 
difficult to contest the view that in respect of the UK market, data provision has moved in the 
opposite direction. The risk is that an ever-smaller number of large entities holding a greater 
proportion of the investable market puts pressure on the ‘pooling confidential data into a separate 
warehouse’ business model that has underpinned MSCI/IPD since the 1980’s. The cost 
implications, in terms of internal data processing and associated fees to the warehousing party 
for those larger entities may well prove prohibitive.   

A further issue resulting, perhaps indirectly, from the requirement for repeat sales data, is that full 
mathematically sound metrics will only be available in respect of the largest markets such as 
global cities and the most heavily traded property types. This presents the challenge of directing 
investors, by default, almost, into the areas of markets which are already have the greatest depth 
leading to the focus on these larger markets continuing in perpetuity. This also risks obscuring 
the opportunities that are undoubtedly available in markets that are considered as secondary or 
peripheral. This issue is addressed directly in Chapter 5. Given the longstanding debate on how 
the invested UK office market is so heavily skewed towards London, in comparison to where 
office jobs in the UK are based, this is a real issue for the industry and is discussed in detail in 
Chapter 4.    

The definition of a repeat sale is also, to a certain extent, subjective in that it focuses on the 
fabric of the building as opposed to the vagaries of the leasing structure which, after all, 
determines the price or worth of a given asset to a great extent. Without even discussing the 
issues relating to capital/development expenditure that can transform buildings between sale 
dates, it is unlikely that the leasing structure of a single asset reflects the same asset in both an 
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absolute or relative position compared to similar assets, when measured over a period of years. 
Leases change through the natural passage of time, renegotiation, and expiration, the 
transformation in the fortunes of a given tenant and for many other reasons. This thesis proposes 
to explore an alternative method of constructing a database using similar buildings, matching a 
clearly specified classification, sold one quarter after previous sales of properties matching the 
same classification. The hypothesis is that a sufficient volume of transactions in both quarters 
would capture enough of the characteristics of a change in market pricing to enable an analyst to 
draw reasonable conclusions.  

This thesis, therefore, in addition to applying the repeat sales methodology to the UK office 
market seeks to explore whether the requirement for repeat sales data remains necessary to 
interrogate commercial property markets effectively. The identification of homogeneous property 
groups plus a clearly stated policy on filtration and capturing income growth might, where the 
sample is sufficient, provide a useful and straightforward addition to the property researcher’s 
toolkit.  

1.7 Issues to overcome 
The principal theoretical objection to utilising transactions measures not filtered through the 
repeat sales method is explored thoroughly in the principal working paper outlining the 
methodology for the constructing of the now RCA CPPI index in the USA (Geltner and 
Pollakowski, 2007). They suggested simplistic average measures of transactions prices were not 
credible as they suffer from random error and bias which is difficult to quantify or analyse 
appropriately. The statistical properties of the metrics created will therefore need to be explored 
and explained to confirm their validity.  

The thesis explores whether market movement information can be inferred from the transactions 
that take place for clearly defined homogeneous property types. Only by testing the distribution of 
prices across an extended study period where prices have moved in different directions at 
different speeds will show whether this hypothesis is reasonable. The transactions data 
availability over the period 1999 – H1 2018 contains the major pricing swings in the run up to and 
aftermath of the GFC but it cannot claim to capture the history that is contained within the 
MSCI/IPD database. This database covers the swings of the 1980s and 1990s. This is a 
common issue in the study of commercial property and over-reliance on relationships occurring 
in previous decades presents its own issues.    

It is acknowledged that at times, there will be a limited sample of transactions to draw upon. 
Robust pricing information might not be available, in respect of a defined market, in any given 
quarter. Any attempt to use average prices in an instance like this could prove misleading. 
Addressing the challenge of how to cope with periods when transactional evidence is extremely 
limited must be addressed.  Samples in different quarters can have completely different 
distributions and require careful interpretation.  

A proportion of transaction yields will be of a scale, both high and low, that do not reflect a 
plausible relationship between income distribution and current price. On the other hand, there are 
always substantial discounts and premiums paid for assets at any given point in time. There will 
therefore be some subjective judgement involved in determining at what point a headline yield 
does not reflect a genuine relationship. The goal will be to make any such categorisation 
straightforward and relevant whilst minimising, as much as possible, the subjective input into the 
broader sample.  

The focus of the research in constructing the database is on price changes and the concept of 
income return, which forms by far the greatest proportion of investment return over the medium 
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to longer term, is not covered in as great a detail.  The thesis makes some straightforward 
assumptions on the scale of income return, applicable for both repeat sales and point to point 
price change measures, delivered over a measurement period, utilising the definition of the initial 
yield measure itself in order to derive plausible estimates of total return.  

At this stage, no approach has been made to RCA in terms of acquiring access to their UK CPPI 
measures given the proprietary nature of the data, the short time series and the lack of 
widespread use, at the present time, within the wider industry. This could, however, present a 
significant avenue for further research.  

Finally, the thesis considers the case of UK offices in isolation. There is limited consideration of 
the other market segments in which investors targeting the UK market could invest. Extending 
this analysis towards a greater range of property types and sectors represents a natural 
progression of the research.  

1.8 Summary 
The aim of the thesis is to take the information on transaction prices that is available in respect of 
UK office markets, specifically initial yields, using that information to construct a database that 
enables the creation of a range of metrics that supports research analysis.  

 
The database will be subjected to various tests. These will include determining the statistical 
validity of the metrics generated. There will also be a comparison with the existing appraisal-
based statistics, subject to the restrictions outlined above. This will help determine whether the 
statistics created from the database are more effective in capturing the risk and return features of 
UK offices.  

The research also investigates the previous work undertaken in respect of creating transactions-
based measures to determining whether some of the principles underpinning existing 
measurement techniques are necessary or result in the creation of other challenges. It is 
accepted that there will be, at this stage, a degree of noise around the statistics that limits its 
application in terms of formal benchmarking. Nevertheless, the thesis will seek to demonstrate 
the effectiveness of point-to-point transaction-based measures in capturing the dynamics of 
performance, both within the office sector and when used for a wider comparison against 
mainstream asset classes.  

The use of targeted data filtration and effective definition of separate market segments is critical 
to the success of the research. This involves the discussion of and sometimes taking on of 
established practices within the industry.  

All in all, the thesis is designed to add to the commercial property research analyst’s range of 
tools to do an effective job. It aims to simplify, to a considerable extent, the process behind the 
construction of data metrics that explain investment performance in both the short- and longer-
terms. As the expected growth of ‘big data’ continues, the creation of simplified analytical tools, 
whilst not perhaps perfect when considered under a detailed statistical interrogation, provides the 
potential of expanding the research capabilities across a far wider range of both individuals and 
organisations. In the days of investor consolidation and rising proprietary data costs, the 
research sector, in terms of academia and practice, need to think ‘outside the box’ and consider 
ways that can extend and improve the provision of data that can support research both now and 
in the future. 

1.1 Structure of thesis 
The thesis is organised into seven further chapters. A summary of the contents of each chapter 
is outlined below. The structure outlines the rationale for testing whether existing methodologies 
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of data constr`uction in respect of commercial property adequately address the requirement for 
comparative data in relation to mainstream asset classes. It then outlines the steps taken to 
construct a database including the data filtration applied along with the statistical tests employed. 
Practical uses of the data and the concluding section address the ‘so what’ question in addition 
to a self-critique of the adopted methodology.  
  
Chapter 2 features a summary of the literature that relates to the challenges resulting from the 
use of traditional appraisal-based measures in strategic investment analysis undertaken in 
respect of the UK property market. There is also a literature review on the historic evolution of 
the application of transactions-based measures to commercial property markets. It follows the 
debate around the potential benefits that such measures might offer investors and analysts along 
with exploring some of the serious drawbacks which have prevented their widespread use, to 
date, in the UK commercial property market. There is also an evaluation of literature pertaining to 
headline risk measures such as the Sharpe ratio. 
 
Chapter 3 refers to the literature review and distils the theory and findings discussed into a 
coherent set of research questions and objectives that the thesis is designed to address.  
 
Chapter 4 outlines the database that has been constructed to address the research questions 
and match the research objectives. It explains the various stages of data cleaning and filtration 
detailing why and how original data has been cleaned and the impact this has had in relation to 
the initial raw data sample. It details the rationale behind the classification of the UK office market 
into three distinctive location-based ‘Category of UK Offices’ (CUKO’s) and where these differ 
from industry practice. There is a detailed explanation of the weighting process along with the 
further filtration as required. The chapter also addresses the real challenges stemming from 
periods where evidence provided from concluded transactions is severely limited, the 
quantification of this challenge and the approach taken to address the issue. The chapter also 
contains tables of the variables produced for transaction yields and the risk premium, both 
nominal and real, along with an exploration of their statistical properties.  
 
Chapter 5 explores the data constructed in greater detail and assesses how the data relates to 
the recent history of the UK office market. It also details the collation of data based on a repeat 
sales basis that is used to generate ‘price change’ measures and estimates of total return.  
 
Chapter 6 compares the performance measures created from both transaction-based 
methodologies and compares these with appraisal based equivalent measures over the relevant 
periods. A range of issues and implications arising from these findings are discussed.  
 
Chapter 7 demonstrates a practical application of the transactions-based data that was created 
and analysed through Chapter’s 4, 5 and 6. It specifically investigates whether the metrics 
created can produce effective risk analysis, comparing results across the defined market sectors 
and in relation to other asset classes. It also demonstrates how transaction-based measures 
could be incorporated into calculating weightings in multi-asset portfolios through utilising this 
data in portfolio analysis.  

Chapter 8 summarises the work undertaken in respect of the previous chapters, discusses the 
results and conclusions of the thesis and considers where and how a further research agenda 
follows on from the analysis and conclusions already considered.  
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Chapter 2 Literature – The application of appraisal- and transaction-based 
performance measures in UK office markets 
 

2.1 Introduction 
This chapter examines the literature covering the topic of appraisal- alongside transaction-based 
measures and their use within commercial property market analysis. The intention is to outline 
how the literature in this area has evolved and discuss the relevance of that literature to the 
investment community at the present time. The majority of academic literature in relation to 
transactions-based indices is concentrated on the US market and much of it is based on analysis 
on the residential sector, reflecting, naturally, the greater availability of transactions data in this 
area.  

The literature referred to is taken from a range of sources although the Journal of Property 
Research and the Journal of Property Investment and Finance provide a substantial portion of 
the most relevant articles. The Investment Property Forum (IPF), a long established trade 
organisation in the UK, has produced a number of substantial thematic reports since the turn of 
the millennium that usually combine academic theory with rigorous assessment of how that 
theory might be applied in a practical sense in the professional world. The unsmoothing paper 
published in Key and Marcato (2007) provided an effective summary of the development of 
literature in the field of unsmoothing appraisal-based indices. The bibliography from this paper 
was explored in substantial detail.  

With regard to the literature relating to transactions based measures, the papers outlining the 
derivation and establishment of transactions based measures in the USA produced by Geltner 
and Pollakowski (2007) and Fisher et al (2007) also provided a bibliography that enabled the 
tracing of a substantial portion of the preceding literature.  

The review starts by summarising in brief some of the literature pertaining to the challenges 
presented by traditional valuation or appraisal-based measures. These have, to date, dominated 
performance analysis, benchmarking and much of the data underpinning academic theory 
relating to the UK commercial property market. It is the challenges posed by using appraisal or 
valuations-based data that has driven the interest in developing transactions-based metrics. The 
chapter homes in on specific papers considered critical to the development of the literature 
relating to transactions-based measures. A critical evaluation is presented in respect of the 
academic theory discussed, referring to some issues arising from specific articles and some 
more general findings. The chapter concludes with a summary that includes a focus on the 
issues stemming from the literature review that the wider thesis needs to consider.  

2.2 Issues encountered in using valuation/appraisal-based measures 
There has been a longstanding debate concerning the validity of appraisal-based indices and 
wider use of appraisal-based metrics generally. These indices, at the time of writing continue to 
form the basis of most research analysis, portfolio benchmarking and academic study conducted 
in respect of UK commercial property.  
 
Given that measurement is so fundamental to the investment process – average returns, 
dispersion of returns, constructing efficient portfolio weights, remuneration of effective 
management and marketing a specific product to a range of investors to start with - it is no 
surprise that the literature in this area is so extensive. This literature also tends to concentrate on 
both the UK and US markets and the UK analysis is of relevance to this thesis.  
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2.2.1 Lack of transparency and smoothed measures that understate risk  

2.2.1.1 The nature of the valuation process  
The fundamental difference between appraisal-based metrics and price-based metrics is that 
pricing metrics are transparent and objective. Prices can be seen along with the components of 
total return such as dividend yields and coupon rates. There is one single contemporaneous 
price for an individual company share, index future, specific debt issue or many other asset 
classes traded on a public exchange. Changes in prices are communicated to market 
participants on a timely and equitable basis. 
 
Appraisals on the other hand, invariably pull a degree of subjective judgment into the evaluation 
process, introducing a range of challenges. This is inevitable given the nature of valuation itself 
that stems from how the profession is taught from first principles. Those who are new to the 
subject of valuation quickly learn that judgement and discretion is at its very heart. Whilst there is 
one single available price for a share/bond, there is no single correct answer to what the most 
appropriate valuation of a single property should be. That will be, in the end, the opinion of the 
individual valuer reflecting their own experience, training and instincts. Standard textbooks that 
cover many of the basic instances of how and where subjectivity creeps in can be found in Wyatt 
(2013), Shapiro et al (2019) and many others. For example, on a standard term and reversion 
valuation, students are expected to take a current market yield, reflecting available evidence and 
apply that figure to the current market rent at the next date of review. They then adjust that yield 
to reflect the greater security of the contracted rent paid up until the next review date. The scale 
of that adjustment is left to the student/practitioner to determine and these ‘subjective 
adjustments’ occur throughout the valuation process, whether that reflects rudimentary or 
advanced refinements of that process. Any performance measures that are constructed from 
valuations are therefore coloured by a degree of subjectivity that just does not exist with clear 
and transparent market pricing.  
 
Furthermore, appraisals are conducted at different times, often over a period of weeks or months 
so the final aggregated measures are prone to temporal mismatches. The valuation date certified 
in respect of the data and incorporated into an index could be quite different from the date the 
actual inspection was carried out. That is before mentioning the issue of transparency where 
pricing metrics reflect deals on public exchanges as mentioned whereas valuation measures 
derive from confidential relationships between the fund/client as owner and the, in the respect of 
UK appraisal-based measures, nominally independent valuer. The issue of independence is 
important as the concept of internal valuations, that even today, continue to be permitted in 
respect of some of the international real estate markets covered by MSCI. This causes an 
obvious risk of ‘marking your own homework’. The contrast with transparent single price related 
through public market exchanges is clear.  
 

2.2.2 Appraisal based measures and market efficiency: The issue of ‘smoothed’ returns 
Another direct issue arising from the debate on valuation-based metrics is the extent to whether 
published measures correctly reflect the degree of market efficiency pertaining to the (UK) 
commercial property market. The debate relating to degrees of market efficiency, classified as 
weak-form, semi-strong and strong were originally stated in respect of the equity market by Fama 
and Malkiel (1970). In totality, this analysis was subsequently referred to the efficient market 
hypothesis. Essentially, weak form market efficiency assumed that future market pricing trends 
cannot be inferred from historic information whereas semi-strong efficiency assumes all publicly 
available information is incorporated into prices with new information being incorporated into 
pricing instantaneously. Strong-form efficiency states that all information, public and private is 
incorporated into pricing so that it would not be possible to profit even from non-public or 
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privileged information. The EMH essentially succeeded previous work that had suggested stock 
prices followed a random walk process i.e. future price movements were unrelated to previous 
changes as demonstrated in the articles written by Cowles & Jones (1937) and Kendall & 
Bradford Hill (1953).    

 
The extent of market efficiency in respect of the UK property market is addressed in several 
papers, notably Keogh and D'Arcy (1999) and Brown and Matysiak (2000). A short summary of 
where this debate currently stands is that the degree of market efficiency suggested by the 
apparent inability of investors to profit consistently stands at odds with the perspective of many 
market practitioners. These experienced professionals continue to see the market as a whole 
and the pricing of individual assets as wrong, implying an inefficient market. Given the 
importance of this debate, the stability and relevance of performance measures is of major 
relevance to managers, asset allocates and analysts alike.  
 
The underlying issue with appraisal-based measures impacting on performance measures was 
captured eloquently by Barkham and Geltner (1994) on page 82, “A potential problem with 
valuation-based indices is that they may lag true property market values and understate the true 
volatility of property returns. This causes problems in attempting to draw conclusions directly 
from valuation-based indices regarding the true risk and return characteristics of the property 
market. Valuation-based indices may remain high when market values have substantially fallen 
(and vice versa), and they may make property look less risky than it truly is from a market 
opportunity-cost.”  This passage captures the essence of the problem and forces the investor to 
address some fundamental points. Dunse et al (1998) highlighted the issue of smoothing created 
by ‘spatial aggregation’ whereby local markets with substantial differences are aggregated 
together using, for example, broader regional definitions that mask some of the different 
characteristics of separate markets within that broader category. Further analysis in this area 
was produced in Dunse et al (2010). This area of research is of particular relevance for the 
definition of homogenous categories of properties within broader markets. This is covered in 
Chapter 4.  
 
Smoothed measures that understate the peaks and troughs of investment performance do not 
reflect the genuine investor experience and compromise analysis of risk adjusted performance, 
again directly impacting on the metrics that would underpin and discussion of market efficiency. 
The presence of autocorrelation, where market metrics are explained to a substantial degree by 
preceding figure(s), goes against even the weakest form of market efficiency as previously 
defined. This definition holds that that future returns are not predictable from interpreting historic 
trends. The fact that no group of property investors have been able to conclusively prove that 
they have delivered sustained out-performance considering the appraisal-based metrics they are 
measured against appears to be predictable challenges the very validity of the measures 
themselves. To date, there has been no explicit empirical study testing this question and such as 
study might produce a relevant extension of the existing literature.  
 
More seriously, perhaps, the use of smoothed performance measures can filter through into 
erroneous ‘risk adjusted’ performance metrics that seriously underestimate the risk of investing in 
the commercial property market. This has been stated by Blundell and Ward (1987), Barkham 
and Geltner (1994), Geltner, (1993) and Fraser (1993). With reference to the UK, this is 
highlighted in Table 2.1. This shows total returns divided by standard deviation as a ratio 
measure in the early years of the twenty first century. Property is represented by the MSCI 
appraisal-based index whereas shares and 10 years gilts reflect the FTSE All-Share Total 
Returns Index and Datastream 10-year UK Gilt Total Returns Index respectively. Given the 
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apparent dominance of commercial property in this era, the story of high returns with minimum 
volatility was a straightforward story to sell to investors. Metrics such as those shown below were 
explicitly shown to investors as a reason to invest in the asset class and the impact on multi-
asset portfolio modelling was obvious. Jones et al (2018), with a specific focus on the concurrent 
expansion in debt, give a clear account of the subsequent events in 2007-09.  
 
Table 2.1 Valuation based risk adjusted performance statistics can flatter property  
 

 
Source: MSCI Annual Property Index December 2017, Datastream 

 

2.2.3 Solution: De-smoothing appraisal-based metrics 
Literature addressing these issues and proposing solutions or remedial action is, as noted, 
plentiful. The first body of literature explored relates to the proposed remedy represented by de-
smoothing appraisal-based measures. A few papers were written in respect of the UK and USA. 
One of the earliest was written by Hoag (1980) who was attempting to create effective metrics for 
the US industrial sector before robust and accepted property measures were in widespread use. 
Several years later, Blundell and Ward (1987) presented a paper still referred to in the literature 
today. This proposed adjusting/unsmoothing appraisal-based measures for effective portfolio 
modelling in the UK sector and showed awareness of the issues at the earliest stages of what we 
now consider quantitative strategic analysis for (UK) commercial property. Blundell and Ward 
(1987) adopted the policy of adjusting the appraisal-based measures, a path also expressly 
chosen by Quan and Quigley (1991) and Barkham and Geltner (1994).  
 
Further articles defining the issues of autocorrelation and smoothing and suggesting methods of 
unsmoothing can be found in Geltner (1991) and Brown and Matysiak (1995). The calculation 
and calibration of the unsmoothing parameter as outlined by Blundell and Ward (1987) and 
Geltner (1993) was undertaken subjectively but this process succeeded in recalibrating the 
appraisal-based measures. This was achieved essentially by taking the observed appraisal 
growth measures for the defined period and previous period and applying an unsmoothing 

Risk Adjusted performance - Annualised returns/standard deviation 2002-2006

3yrs 5yrs
Property (IPD) Equities Gilts Property (IPD) Equities Gilts

2002 4.9 -1.7 1.9 4.0 -0.1 0.8
2003 4.9 -0.3 1.1 4.1 -0.1 0.7
2004 2.9 0.1 1.5 2.8 -0.2 1.7
2005 3.6 3.7 1.7 2.4 0.1 1.7
2006 28.1 3.7 1.0 3.3 0.5 1.2

10yrs 17yrs
Property (IPD) Equities Gilts Property (IPD) Equities Gilts

2002 2.0 0.4 0.8 1.1 0.6 0.9
2003 2.5 0.3 0.7 1.1 0.6 0.9
2004 2.8 0.5 0.9 1.1 0.6 1.0
2005 2.8 0.5 1.1 1.2 0.6 1.0
2006 3.3 0.5 1.0 1.2 0.6 0.9
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parameter, as outlined in the formula below, to strip out the impact of the previous time period 
measure to leave an unsmoothed growth metric.  
 
Equation 1: Deriving an unsmoothing parameter (Blundell & Ward, 1987) 
  
   𝑈𝑛𝑠𝐴𝑝𝑝𝐺𝑡ℎ = (𝐴𝑝𝑝𝐺𝑡ℎ  − 𝑎 ∗  𝐴𝑝𝑝𝐺𝑡ℎ  )/(1 −  𝑎) 
 Where 𝑈𝑛𝑠𝐴𝑝𝑝𝐺𝑡ℎ  = The unsmoothed appraisal growth rate at time t 
       𝐴𝑝𝑝𝐺𝑡ℎ    = The ‘smoothed’ (new information) appraisal growth rate at time t 
               𝐴𝑝𝑝𝐺𝑡ℎ    = The ‘smoothed’ appraised growth rate at time t -1 
                                  𝑎   = Unsmoothing parameter 
 
With the academic debate as to the challenges relating to appraisal-based measures firmly 
established, an article written by Barkham and Geltner (1994) outlined three possible approaches 
to address the smoothing/temporal issues inherent in appraisal-based measures. These included 
adjusting the appraisal-based measures by de-smoothing, adopting transactions-based 
measures or capturing changes through constructing yield metrics. Transactions-based 
measures were rejected on the grounds (then) of data availability. It was viewed that concerns 
about defining the appropriate yield metric weighed against the yield approach. Their conclusions 
suggested that smoothing was less of an issue in the UK than the US but the issue in the UK still 
needed to be addressed. This paper outlined three paths and the thesis explores the applicability 
of transactions-based measures and constructing yield metrics for the UK office market, utilising 
data that has accumulated over the 20+ years since the paper was written.  
 
The follow up paper written by Barkham and Geltner (1995) sought to establish the relationship 
between public real estate markets and the unlisted alternatives. The relevance for this 
discussion is that in relation to the UK, the authors explicitly unsmoothed appraisal-based data – 
around 200 properties sourced from the then Jones Lang Wootton (now JLL) - prior to 
comparison with the listed returns. The principal finding of this paper was that the listed market 
led the unlisted market by a year.  
 
Chaplin (1997) extended previous work undertaken in unsmoothing to allow for variable 
unsmoothing parameters, reflecting different market conditions, to be injected into the 
unsmoothing process. This represented an early nod to the need of differential responses in 
modelling property returns. Brown and Matysiak (1998) investigated the smoothing issue at an 
individual asset level indicating that the parameters varied considerably at an asset level but not 
at the aggregated data level suggesting that any conclusions from aggregated data would be 
flawed. 
 
This topic of unsmoothing in relation to individual asset returns was considered by Clayton et al 
(2001) in relation to Canadian properties covering the retail, office and industrial sectors. Their 
quantitative modelling approach concluded that 80% of current valuations reflected new market 
information compared to 20% drawn from the previous appraisal. In isolation, these findings 
indicated a quarterly lag, but the authors stated that the average lag of new comparative values 
was six months, and this needed to be included, resulting in a total lag of nine months.  
 
The literature relating to the challenges of using valuation-based measures was collated and 
expanded upon in the IPF’s major report Index Smoothing and the Volatility of UK Commercial 
Property (Key and Marcato, 2007). This paper married the academic research referred to with 
inputs from senior strategists working in the industry at the time. Many of these strategists also 
had strong links with or proven track records in the academic field. The emphasis in the 2007 
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report, reflecting most of the articles published in relation to the topic was to test the value of the 
alternative methods for de-smoothing the appraisal-based index. The clear objective was to 
enable the creation of an improved appraisal-based measure. This was to be achieved by 
empirically testing the performance of several de-smoothing methodologies. This would help 
reduce the confusion surrounding the application of a range of techniques that produced different 
results. This would, in turn, produce a more effective measure of the risk return trade-off, 
particularly in relation to integrating portfolio returns from commercial property into optimisation 
models incorporating other asset classes.    
 
The 2007 IPF paper outlined the fundamental challenge the authors were trying to address, 
confirming the presence of statistically significant serial correlation for UK IPD returns with the 
factor especially strong for monthly and quarterly valuation frequencies. The paper, importantly, 
noted that this also applied in relation to capital growth, therefore eliminating the possibility that 
stable income returns were the cause of lower volatility. There was less conclusive evidence of 
smoothing presented about annual measurement in respect of the UK market.  
 
This paper also noted that the scale of serial correlation in respect of appraisal-based measures 
in other national markets including the USA, Canada, Australia and France, exhibited higher 
levels of serial correlation than the UK. The paper also provided a detailed summary as to the 
relative performance of UK commercial property relative to other asset classes over the longer 
term including a few risk metrics such as the Sharpe ratio. This area will be explored in Chapter 
7. 
 
In terms of the comparing the de-smoothing methodologies, the paper concluded that the basic 
model outlined previously in this chapter, as developed in Blundell and Ward (1987) was as 
effective as the advanced methodologies in adjusting an appraisal-based index for bias. They 
concluded that this methodology, along with most of the others, increased the standard deviation 
of commercial property returns by a factor of 1.3–1.5. This was in line with the general 
perspective of those senior academics and professionals who contributed to the paper. The 
unsmoothed property measures also resulted in a reduction in the weightings that asset 
allocation models suggested for commercial property, reflecting the higher volatility. The 
measures produced maintained that commercial property continued to produce notable 
diversification benefits for the multi-asset investor to a degree that was not reflected in the actual 
composition of multi-asset portfolios.  
 
The issue of smoothing was investigated once again in detail in a further IPF publication (Lizieri 
et al, 2012) where the authors, reflecting on the 2007 IPF paper and building upon the work 
undertaken by Chaplin (1997) sought to improve the efficacy and explanatory power of de-
smoothing models. The criticism with the basic auto-regressive model previously outlined was its 
reliance on the assumption that smoothing applied to the same degree in all market 
circumstances. The authors developed a double Threshold Auto-regressive model (TAR TAR) 
that allowed for smoothing to impact in different ways under different market conditions as 
determined by several economic variables. The second strand of this model was based on the 
hypothesis that the behaviour of valuers might also reflect non-linear patterns under different 
market conditions as anchoring to previous valuations would become more evident in times with 
restricted market activity.   
 
The quantitative analysis of the model presented in Lizieri et al (2012) utilising quarterly data 
sourced from the IPD Monthly Index indicated that returns and the behaviour of valuers was 
variable under different economic conditions. Interest rates and equity market returns displayed 
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the greatest explanatory power. In supportive economic/investment conditions as determined by 
these variables, returns were positive and stable. In weaker defined conditions, however, returns 
were poorer and more volatile. At the same time the positive environment engendered less 
smoothing whereas the ‘bad’ climate reported greater degrees of smoothing. This paper 
highlighted the complexity of the broader smoothing issue and the resulting lend some statistical 
weight to the conclusions presented.  
 
The 2007 and 2012 IPF papers referred to have addressed, to a certain extent, the issue 
appropriately described on page 382 in Brown and Matysiak (2000) who stated ‘smoothing is 
clearly an important issue that needs to be addressed. We know that the smoothing parameter is 
time varying, but we still don’t know the best way to remove smoothing from a valuation index.’ 
The 2007 IPF report demonstrated that you could adjust the valuation indices using a range of 
the techniques and the original, simplest model performed well enough to be adopted. It also 
confirmed that the impact on risk metrics and allocation models following the application of de-
smoothing was as expected. The 2012 paper, presented in the aftermath of the GFC presented a 
more complicated story with the impact of smoothing on valuation-based measures reflecting, to 
a great extent, contemporaneous market circumstances.   
 
Nevertheless, there is still the fundamental problem that appraisals in smoothed or de-smoothed 
measures always reflect the subjective interpretation of new information into appraisals that 
continue to be conducted in private. There is also the issue of client influence on valuations given 
the client/service provider roles inherent in the relationship. Such an influence can be implicit but 
there is certainly the possibility of a conflict of interest impacting on the credibility of the resulting 
numbers, de-smoothed or not. An analogous example is the role of credit ratings agencies and 
their assessments of corporate and residential mortgage backed debt in the run up to the GFC. 
Many of these challenges were outlined in Crosby et al (2010b) which provided evidence of 
inconsistency in the approach of valuers in respect of funds/clients with differing objectives in the 
aftermath of the GFC.  
 
There is also the problem stemming from the long-standing consolidation of valuation practices 
within the UK leading to fewer organisations being able to undertake the appraisals required. 
First aired in detail by Baum et al (2000), this issue is of even greater concern now and the 
comparison with credit rating agencies, in terms of a small number of organisations dominating 
the market and restricting the input into appraisal based metrics to a small number of players 
with seemingly obvious conflicts of interest is clear. The integration of de-smoothed measures 
alongside other asset classes which benefit from publicly available data will continue to suffer 
from this issue. 
 
 
The data aggregation process, usually warehoused at a third party such as MSCI, including 
further data validation sequences, introduces further concerns. The extent of the data collation 
and validation process ensures that real estate measures are delayed in comparison to the real-
time market data available to other mainstream asset classes. Taking the MSCI Quarterly Index 
as an example, MSCI, in respect of calendar year 2020, published the December 2019 Quarterly 
Index on 3 February 2020. Equivalent dates for March, June and September (2020) were 4 May, 
31 July and 2 November (2020) respectively. Given the process of collating separate valuations 
of circa 9000 properties including tenancy schedules, the physical effort required validating, 
confirming and processing the data, it is difficult to envisage how this processing time could be 
improved.  
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Nevertheless, even these figures that reflect a far greater level of data with a shorter turnaround 
than was experienced up to the millennium continue to place commercial property at a distinct 
disadvantage in terms of the timeliness of data availability relative to competing asset classes. 
There is no substantial academic literature written to date in consideration of this specific 
challenge, but the author can testify to having direct experience of utilising older data when 
conducting multi-asset portfolio analysis for a major UK institutional investor. It was also 
mentioned several times by research professionals and strategists in the Trevillion et al (2018) 
analysis of benchmarking practices.  
 
Another issue unsmoothing appraisal-based indices generally struggle with is the opacity and 
complexity of the proposed solutions, particularly regarding the 2012 IPF paper. Appraisal based 
indices are already less transparent than their pricing counterparts. The process of layering a 
technical adjustment to a defined index by adopting a methodology that may sound 
straightforward in academic/research circles is always going to appear complex and intricate to a 
wider audience. This includes many operating at high levels within the industry. In addition, the 
literature has shown that there is no universally agreed methodology for de-smoothing. Neither is 
there an accepted de-smoothed index provider and brand that can gain general acceptance 
within the industry. Not unreasonably, the existing providers of appraisal-based indices such as 
MSCI would not get involved with a process that appears to devalue or diminish, in a 
fundamental manner, the value of their product.  
 
More than five years on from the publication of the IPF’s last major report into de-smoothing, the 
UK industry has, to a substantial extent, processed and accepted the smoothing issue with 
academia publishing de-smoothed measures of data whilst the industry continues to market the 
asset class and benchmark themselves against the accredited smoothed data. The working 
assumption for the industry is that whilst far from perfect, appraisal-based performance 
measures are robust enough for purpose and placed the UK market in a strong position relative 
to other property markets. They also gave the asset class something that other infrequently 
traded asset classes lacked, namely a modicum or degree of transparency.  
 
This was confirmed in the IPF’s recent publication into benchmarking practices (Trevillion et al, 
2018). This presented a detailed investigation into current benchmarking/measurement practices 
through the qualitative approach of interviewing a combination of fund managers, strategists and 
advisors at some of the major investment houses within the UK. All the respondents spanning 
global institutions, REITs, retail funds and advisors stated they saw value in the appraisal-based 
measures, particularly with regards to setting strategy. Unsmoothing, therefore, remains largely a 
solution for puzzles in academia and for certain strategists, many admittedly holding senior roles, 
at the time of writing.  
 
The IPF benchmarking paper (Trevillion et al, 2018) also registered some concerns that related 
specifically to the provision of appraisal-based benchmarks in the UK, principally referring to 
MSCI/IPD. There was an awareness that certain appraisal-based measures are losing their 
representativeness of the markets they cover, reflecting internal dynamics within those markets 
often where the heaviest buyers are not direct subscribers to the index providers. Timeliness and 
the comparability with other asset classes were raised as issues, as noted above, but not 
immediately pressing ones.  
 
Comparisons with other asset classes will therefore continue to struggle through not comparing 
like with like and find difficulty in being treated as of possessing credibility at the level enjoyed by 
asset classes traded on publicly available and transparent markets.  
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In summation, there remains a gap between academia/the research community and the broader 
industry in terms of their consideration of the importance of the issue.  This can often reflect 
existing structures e.g. a fund manager in a property only organisation is going to have less 
concern, directly, in generating an effective multi-asset portfolio modelling process as would be 
critical to a manager operating in a wider investment house. For many investment surveyor’s, 
given no single methodology of de-smoothing proposed within academia has gained broad 
acceptance within the wider profession, the entire debate can appear irrelevant. The appraisal-
based metrics available, principally produced by MSCI, have a long track record and as covered 
in the recent survey of investment managers in relation to benchmarking (Trevillion et al, 2018), 
continue to satisfy many practitioners despite their clear and known shortcomings.   
 

2.3 Solution: Transactions based measures 
Creating measures based on recorded market transaction prices should, in theory, place 
commercial property on a more directly comparable basis with other asset classes. The problems 
involved in creating such a measure are, however, substantial. In a great deal of the literature 
referred to in respect of appraisal-based measures, the issues with using transactions-based 
measures were spelled out. Only a small proportion of the market is traded over a defined 
measurement period such as a quarter. The fundamental characteristic of the asset class is that 
it is, by definition, heterogeneous where no two single assets are the same. This issue presents 
the real risk that any volatility metric inferred from creating measures based on varying samples 
is spurious.  Nevertheless, the 2007 IPF report on unsmoothing appraisal-based metrics 
presented a brief introduction for UK audiences to transaction-based measures, as developed in 
the USA, and the results of this exploratory research conducted on sales recorded by IPD 
between 1985 and 2004 showed some similarities with the de-smoothed appraisal based 
measures.  
 
The IPF’s report on benchmarking practices (Trevillion et al, 2018) asked the question, explicitly, 
of interviewees in senior research, strategic or fund management roles as to whether there was 
any appetite or indeed use of transactions-based measures in the UK. The responses indicated 
that there were no instances of formal adoption of such measures and the cited reasons included 
there was no average level of market activity within a measurement period, an unstable sample 
of transactions and no history against which to create an effective benchmarking tool. As a 
counterpoint, there was a significant amount of interest as to how such a tool might be developed 
and used in relation to strategic planning.  
 
The literature on transactions-based indices splits the topic into two basic methodologies. One 
centres on a hedonic modelling technique. This attributes price movements to building 
characteristics including, location, size, age and leasing structure - all measures that have to be 
codified and standardised - that are then quantified through a hedonic regression model. This 
enables the derivation of a constant quality pricing index by controlling for the range of factors 
that explain pricing movements for the properties contained within the index.   

The alternative methodology is the repeat sales regression technique. This in its most simplistic 
sense matches transaction prices of assets sold more than once over a defined study period and 
then uses regression analysis to interpolate between sale prices across time and generate a 
price movement index once a sufficient sample exists. The repeat sales measure, based on price 
changes between the same, unchanged assets could be more comparable with other paper 
securities where price changes are calculated on the same issues e.g. shares or bonds.  
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The full hedonic method in isolation has been largely overtaken by the repeated sales 
methodology due to the scale of data required and difficulties in standardising the classifications 
of the variables that drive the hedonic modelling process. Hedonic modelling is more relevant for 
smaller, more easily definable markets where the data collection issue is less of a constraint. The 
technique is used in respect of UK residential price indices constructed by Halifax and 
Nationwide. Practical examples of the applications of hedonic modelling include - Colwell et al  
(1998), Munneke and Slade (2000) and Munneke and Slade (2001). The remainder of this review 
focusses on the repeat sales technique. The reasons for this decision are as follows: - 

 The hedonic modelling process requires the collation of data and the specification and 
categorisation of a number of asset specific variables which are beyond the scope of this 
study – As Miles et al (1991) stated on page 207 when trying to create a hedonic model 
to create a true transaction-based index (in this instance industrial assets in Charlotte 
N.C).  ‘a large group of independent variables must be collected from several sources in 
the surveyed market. The data collection process must be thorough and accurate (and 
hence time-consuming) with information being provided on the following groups of 
variables: locational characteristics (L), structural characteristics (S), financial 
characteristics (F), time-date of sale (T), where L is the relevant locations parameters for 
each property’. Gaining access to this degree of (confidential) data would prove 
impossible.   

 The repeat sales (regression) methodology has now been accepted as the underlying 
theoretical basis for the construction of commercial property transaction-based indices 
where these have supplanted appraisal-based indices, principally in relation to the USA.  

 The project analyses the requirement for a transactions-based index to use repeat sales 
for market segments that have been defined clearly.  

Nevertheless, it should be noted that some of the papers advocating the repeat sales method 
including Clapp and Giaccotto (1992), Fisher et al (2003) and Fisher et al (2007) made use of a 
hedonic procedure in the modelling process. Fisher et al (2007) applied a hedonic process 
through assuming appraisals (log of value per square foot) conducted two quarters prior to a 
transaction acted as a catch-all independent variable that could predict the subsequent 
transaction price. This procedure did not have the data constraints faced by a purely hedonic 
approach.   

2.3.1 The literature relating to repeat sales transactions-based measures 

2.3.2 Background 
Repeated sales regression techniques have been longstanding in relation to residential price 
indices and their application in relation to commercial property has proven a more recent 
phenomenon. The more generic nature of the residential sector e.g. the similarities of apartments 
or flats within a defined block or houses within a specific neighbourhood as well as the higher 
number of recorded transactions enables the application of transactions based measures to a 
greater extent than is the case in comparison to the heterogeneous, thinly traded commercial 
sector. The question of whether categories of commercial properties can be defined that are 
sufficiently homogeneous to enable some of the methods used in respect of residential 
properties is considered directly through chapters 4 and 5.  
 
The first major paper on creating a repeat sale index was produced by Bailey et al (1963) and 
this outlined some of the principal challenges as well as suggesting a solution through using 
repeat sales regression analysis. The paper, written in respect of the Chicago residential market, 
noted that the great variation in the quality of buildings made it difficult to construct price indices. 
The consideration was that average prices were likely to vary because of the different quality of 
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those assets in a sample on a period-to-period basis. If there was any progressive change in the 
quality of a sample, say by refurbishment, a biased measure would result. This initial paper 
highlighted the fundamental challenge of a changing sample impacting upon the validity of 
transactions-based measures. Within the confines of a generic property type (offices) and 
geographically defined locations, the thesis will explore whether the extent of variation is so great 
as to prevent effective analysis being undertaken from incorporating single sales into measures 
as well as repeat sales.  
 
The authors in Bailey et al (1963) proposed a solution that used regression analysis based on 
repeated sales of the same property over time with an element in the equation allowing for 
building characteristics. This can be classed as a Repeat Measures Regression (RMR). The 
justification for this approach being, “Most of the difficulties of specifying and measuring the 
numerous quality characteristics of real properties can be avoided by basing a price index on 
sales prices of the same properties at different times.” (p934).  A multiplicative chain index 
approach was employed with the log value of the price change between sales as the 
independent variable was regressed on time dummy variables applied to the date of sales. The 
dummy values used were -1 at the date of the first sale and 1 at the second sale with a figure of 
0 used in between those dates. This calculated the log of the change in price relative to the 
defined base period at each point, establishing an index measure. Although the methodology 
noted some serious challenges – particularly the requirement to re-estimate equations as new 
evidence became available and errors were likely to be correlated - the paper set the template 
for development and refinement of the repeat sales regression methodology.  
 
Further developments in exploring how a transactions-based index might work in relation to US 
residential properties were presented in Case and Shiller (1989). This suggested that the price of 
any house could be estimated as a function of three variables. These referred to the assumed 
city level of price at the time, a random walk component to reflect the range of prices within a 
particular market not correlated with the citywide price level and an additional independent and 
identically distributed (i.i.d.) error term that reflected noise. It also noted an explicit relationship 
between pricing levels and expected real interest rates. The paper introduced a refinement of the 
methodology introduced by Bailey et al (1963). This added two stages to the calculation, based 
on the view that the error term produced in the first stage of the calculation was not constant but 
tied to the investment holding period with a greater magnitude of noise occurring over longer 
periods between sales. The calculation incorporated the stage of regressing the squared 
residuals at an asset level from the original calculation against the holding period and a constant 
term. At that point, the fitted values calculated for the residual term were converted to the square 
root figure and applied as weights before the original method of Bailey et al was rerun using a 
Generalised Least Square’s regression.  
 
The Case Shiller refinement proved very effective and to this day forms the basis forms the basis 
of the S&P (Standard & Poor’s) CoreLogic Case-Shiller Home Price Indices that claim to be the 
leading measures of US residential real estate prices. This relatively straightforward process in 
calculating a repeat-sales measure is explored in detail in Chapter 5.  
 
Several papers have also been presented in respect of the UK residential market. Jones et al 
(2003) constructed a repeat sales index in respect of the residential market in Glasgow to test for 
the existence and persistence of submarkets. They also removed ‘right to buy’ transactions from 
the index as the discount local authorities provided to tenants were perceived to distort any 
conclusions. This paper concluded that definitions of submarkets could change over time, 
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reflecting new stock, but that the original definitions persisted for most of the submarket 
categories devised.   
 
In addition, progress in expanding the theory that now underpins repeat sales regression 
analysis was provided by Quan and Quigley (1989, 1991). These papers concentrated in large 
part on appraisal techniques and how ‘optimal’ appraisals were based on signals provided by the 
transaction prices available. Both papers, however, covered a discussion on the concept of 
threshold prices and the distribution of those threshold prices. They noted that transactions could 
not take place below a seller’s reservation price and above a buyer’s reservation price, a crucial 
point in framing a model as to when transactions could take place, further explored in Gatzlaff 
and Haurin (1997). The discussion also succeeded in setting out some of the issues as to how 
these distributions would interact in both buyer and seller favoured markets.  
 
The first paper (Quan and Quigley, 1989) noted that mean of sale prices was used as an 
estimate of the population mean of property values that was updated as additional transaction 
prices become available. The perspective that sample means were unbiased estimates of the 
true price assumed that individual transaction prices were unbiased when estimating the true 
stationary price.  
 
The second paper (Quan and Quigley, 1991) debated some of the market conditions that would 
affect the distributions of buyer and seller reservation prices, noting that sellers could increase 
the pool of potential purchasers and improving the likelihood of a sale by dropping their asking or 
reservation prices. This would, of course, have a cost in terms of the achievable profit. The 
opposite would apply in the case where asking prices were increased with the article stating, 
“Equilibrium is characterized by the expected zero profit condition; each seller who sets a price 
from the equilibrium distribution of offer prices will earn the same level of expected profits.” (p16).  
This established the theoretical conditions for an equilibrium or balanced market, but did not take 
account of, to a significant extent, the impact the structure of the market in terms of the 
participants has on the actual implementation of transactions. Buyers and sellers are, to a great 
extent, drawn from similar pools i.e. existing investors in the asset class, be they institutions, 
private individual or property companies, listed or otherwise. Whilst there is a degree of switching 
between property types that brings a degree of stock onto the market, it is more likely, 
particularly when markets are in a cyclical upswing or downturn that this theoretical relationship 
between buyer and seller falters. Rather than buyers and sellers arriving at a compromise which 
fulfils both parties’ objectives simultaneously, markets often fall into situations where the 
overwhelming balance of interested parties lies on one side of the transaction. In boom markets, 
money flows into the asset class from investors providing equity as well as debt finance provided 
from a wide range of sources.  
 
At times when commercial property is popular, particularly relative to alternative asset classes, 
the entire focus of large sections of the investment community is to get money invested as soon 
as possible. This renders the evaluation of a rational distribution model detailing the appropriate 
price for a single asset transaction price somewhat meaningless. Whatever it takes is likely to be 
the market price result at such points and a similar story applied when markets falter and the 
balance of making deals falls firmly on the side of the seller. This is also tied to the inherent ‘long 
only’ nature of direct commercial property as an asset class where the physical withdrawal from 
that asset class is invariably a long and convoluted process. The physical nature and structure of 
the investment market, therefore, makes it difficult to model a neutral arms-length relationship 
between buyers and sellers at a given point in time.  
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Writing in respect of residential markets, Schwann (1998) outlined a time series method for 
estimating real estate price indices for markets that had a limited number of transactions by 
linking current transactions to preceding transactions to increase the number of trades which can 
be used in pricing metrics, similar to the objective of this thesis. The degree of stationarity of the 
sample was debated and the paper concluded that the model worked best when there was a 
minimum of 10 transactions per quarter. This conclusion is directly relevant for the database 
created and evaluated in Chapters 4 and 5. The paper noted, “the results for the standard errors 
hint that there may be a threshold in the number of transactions below which the indexes cease 
to be robust.” (p280). This is a crucial point in producing effective analysis on the UK office 
market, particularly given the bias towards London that is assessed in Chapter 4. The challenge 
of how to create effective pricing metrics when market evidence is limited or not representative of 
the wider market can only be ameliorated or to a certain extent, accepted but never removed 
completely.   
 
The construction of real estate price indices in Hong Kong, a highly liquid and, in theory, 
homogeneous property market was assessed by Chau et al (2005). They illustrated the 
challenge of creating a sufficient repeat sales data sample by highlighting that 23% of 
transactions were repeat sales over a 10-year period and this represented one of the higher 
concentrations relative to previous studies. They also illustrated the repeat sale sample size of 
commercial properties relative to residential which suggested a decline in the number of offices 
traded over the period 1991-2001 but the offices’ sample remained comfortably higher than 500 
per annum until 2001. A total of 4450 office repeat sales transactions were collated over the 
study period. The published results suggested fundamentally different scales of annualised 
investment returns for office properties over the study period 1991-2001 (p351) indicating some 
specification or definitional issues with one or more of the indices referred to in the study.      
 
Before moving to the heart of the literature on commercial property price indices, a few steps on 
the road to boosting the statistical validity of the repeat sales regression technique should be 
mentioned. The focus of this thesis is not in creating an equivalent mathematical model to 
present an alternative to those presented in existing literature. Nevertheless, the refinements and 
improvements that have contributed to the viability, or not, of existing transactions-based metrics, 
should be assessed and considered. Heckman (1979) developed a framework for addressing 
sample selection bias through regression techniques.  
 
As previously noted, Case and Shiller (1989) suggest the adoption of a ‘Weighted Least Squares’ 
(WLS) approach to estimating the repeat sales equation placing, in effect, a link between the 
length of time between repeat sales and the impact of that particular time weighted observation 
on the estimated equation. Clapp and Giaccotto (1992) compared repeat sales with assessed 
value methods for Hartford (CT) residential prices and suggested that the repeat sales 
methodology was hampered by being a subset of data in comparison to assessed values. 
Goetzmann (1992) used generalised least squares (GLS) and suggested augmenting periods 
with limited observations with synthetic, simulated data, a Bayesian approach, to improve the 
accuracy of the equation. Gatzlaff and Haurin (1997) also covered sample selection bias and 
built upon previous analysis on the repeat sales model by, “adapting the truncated bivariate 
procedure”. (p48)  
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2.3.3 Breakthroughs in literature relating to transactions-based measures 

2.3.3.1  A Transaction-Based Index of Commercial Property and Its Comparison to the 
 NCREIF Index, Gatzlaff & Geltner 1998 

The breakthrough paper in terms of applying the repeat sales regression technique to create 
transactions-based measures in respect of commercial property came from Gatzlaff and Geltner 
(1998). In this article, the authors utilised commercial property data sourced from taxation 
records covering the US state of Florida across a range of commercial property types as well as 
apartments. This paper was in part a response to long-standing concerns that the (US) widely 
used NCREIF index was based on appraised values and smoothed results that were not 
representing the asset class appropriately, particularly with regard to multi-asset portfolio 
modelling. The literature relating to smoothing has already been addressed but it should be 
noted here that the US NCREIF has been subject to a greater level of scrutiny over a longer 
period of time by both academics and practitioners than has proved the case with the IPD UK 
Index even though the issues are effectively the same.   
 
There was also a concern that the NCREIF data was restricted to institutional data therefore 
missing a significant portion of the market. This is also relevant in the case of UK appraisal-
based indices that have been and continue to be dominated by a decreasing number of large 
institutional investors. To address this issue, the transactions data sourced for the project, in 
alignment with the Gatzlaff and Geltner (1998) article captures a wider range of investors and 
smaller assets in comparison to the established indices.  
 
This research outlined in detail how transactions-based price change measures were constructed 
from individual repeat sales.  The formula was illustrated using a basic four property model 
covering three concurrent time periods and using regression analysis to estimate the unknown 
periodic returns for individual assets without a repeat sale in a specific time period from the other 
repeat sales that were recorded in that specific period. To allow the equation to work, it needed 
at least one transaction in each period. The independent variables were dummy variables which 
were switched on at the relevant period with an error term added to the formula. The objective of 
the equation was to minimise the size of the error over the estimation period. The paper also 
noted that the raw repeat sales regression would suffer from heteroscedasticity although 
suggested this issue could be addressed through further refinements in how the equation could 
be estimated. In terms of methodology, the authors followed, explicitly, the three-stage process 
that had been developed in respect of the residential sector as originally defined by Case and 
Shiller (1989).    
 
The study commented upon the fundamental challenge in constructing transactions-based 
measures that only a small group of properties in comparison to the size of the market are sold in 
any given measurement period.  Then, only a further subset of the assets that were traded would 
be classed as repeat sales. This is reflected in the presentation of a single commercial property 
price index as to one broken down by sector or property type i.e. office, retail and industrial. For 
comparison with this thesis, the paper captured 979 office repeat sales assets over the study 
period 1975-1997, comparable over the length of analysis with the sample accrued for London 
office repeat sales as shown in Chapter 5 (although the number in the Gatzlaff and Geltner study 
was boosted by a significant number of smaller assets).    

 
The article also considered another one of the major hurdles in calculating a clean commercial 
property pricing measure. Repeat sales assets that have incurred varying levels of capital 
expenditure over the holding period are not directly comparable on a point-to-point basis given 
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the issues of maintenance costs and depreciation. At an extreme level, you might be comparing 
a completely different building, negating the essential point of constructing a repeat sales index. 
The authors proposed addressing this issue by a few stages of data filtration including the 
removal of vacant assets, applied to one of the minimum two transactions. They also removed 
properties which had, effectively been rebuilt between the two transaction dates. This addressed 
the different asset point but only in the most extreme of circumstances. It did not address the 
issue of substantial refurbishments being categorised on the same basis as depreciating assets. 
This is a fundamental issue of using repeat sales in comparison to point-to-point measures. 
Finally, they imposed a minimum holding period of three years to reduce, presumably, the impact 
of buy, renovate and flip types of deals from distorting the metrics. Again, this addressed the 
issue for the obvious cases but was not able to capture varying levels of 
improvement/maintenance expenditure or different levels of depreciation. The manner of filtration 
employed in constructing the database is assessed in Chapter 4 with the specific processes used 
to create repeat sales data summarised in Chapter 5. These questions are of particular concern 
when the sample of transactions is small in a measurement period.   
 
The data collated reflected commercial property sales over the period 1975-1997. The end 
results, however, were somewhat surprising in that the transactions-based index delivered a 
similar scale of volatility as the supposedly stale NCREIF index of Florida properties. 
Nevertheless, the concept of a transactions-based index for commercial assets for practical use 
had been established and presented in a manner that provided a solid basis for subsequent 
literature to build upon.  
 
Geltner and Goetzmann (2000) followed up with a related paper detailing a methodology to 
improve the appraisal-based metrics such as by utilising the RMR developed in respect of 
transactions-based measures. Applying RMR between genuine valuations would reduce the 
impact inflicted by stale valuations on the stated appraisal measures. The RMR version 
converted the appraisal based NACREIF index into a more genuine quarterly measure through 
ensuring that the latest information was incorporated into all assets held within the databank 
 
Fisher and Geltner (2000) extended and formalised this analysis emphasising that the structure 
of the NAREIT index as it stood posed serious issues for investors. Whilst the index could 
provide a reasonable measure of quantifying the investment performance of real estate over the 
longer term and remained effective in benchmarking managers against peers, it was not seen as 
robust in measuring short term investment performance, capturing turning points or in providing a 
realistic assessment of risk. The answer therefore lay in correcting the index without losing its 
value in providing a benchmarking and measurement service. The analysis demonstrated how 
the problem of ‘stale valuations’ within the index could be addressed by interpolating between the 
‘genuine new appraisals’ and by applying the same methodology of repeated measures 
regression (RMR).  
 
This process effectively ‘reverse engineered’ previous appraisals using the genuine new 
information held within the databank. The paper then went on to suggest that the natural 
extension of this analysis was to apply the methodology only to assets that had been sold to 
create an index made up entirely from transactions. They did not have initial transaction prices 
for the assets already in the databank, so they were effectively proposing a hybrid form of 
analysis between appraisals and transaction prices, but the direction of travel was clear. A 
particularly important feature of this paper was that whilst the authors indicated they believed that 
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transaction based measures would only be related to appreciation or capital growth, the 
integration of those same transaction prices into a database with periodic cash flow data opened 
the possibility for further development towards a total return measure.   
 
The other critical feature of this paper was the attempt to define a range of different property 
metrics and the need to understand and apply these different metrics in appropriate 
circumstances. Every form of metric used in measuring commercial property will have some 
element of less than perfect accuracy or other and understanding these issues is the key to 
producing effective and relevant analysis. This paper was again a major step on the road 
towards the eventual creation and adoption of transaction-based measures in the US. This was 
logical as the research was specifically targeted at the US industry and principle index provider 
precisely to achieve this outcome. 
 

2.3.3.2 Controlling for the impact of variable liquidity in commercial real estate price 
 indices, Fisher, Gatzlaff, Geltner & Haurin 2003 

 
The Fisher et al (2003) paper highlighted that transactions occurred when markets were 
recording variable degrees of liquidity and the degree of difficulty in selling a property would 
naturally impact upon the results of transactions-based measures. It made the point that publicly 
traded asset classes such as equities and bonds have constant levels of liquidity i.e. and that you 
can sell assets quickly in all market conditions. This is clearly not the case in respect of direct 
commercial property.    
 
The study presented a model that estimated both an ‘unadjusted’ transactions-based index and 
one which established constant liquidity i.e. holding constant the difficulty of selling assets. The 
crucial point to the authors was (p272), “Liquidity is positively correlated with the asset market 
cycle. That is, liquidity is typically greater when the market is up (asset prices are relatively high 
and/or are rising), and vice versa, liquidity is less when the market is down (prices relatively low 
or falling)”. The paper sought to establish a constant liquidity index that reflected changes to 
market prices with a constant time on the market plus a constant trading volume.  
 
One issue of the model quoted above is that it assumes a large heterogeneous pool of potential 
buyers and sellers of heterogeneous properties. In terms of the UK market in particular, this is 
not necessarily the case given the limited pool of investors who are usually direct competitors, 
the structural issues already discussed about the market being, in effect, ‘long only’ and the 
behavioural/psychological issue of herding over the cycle. For the purposes of evaluating this 
paper, the distribution of sellers illustrated graphically on page 274 (Fisher et al (2003), is 
optimistic and the crossover between the distributions of buyers and sellers that enables a 
transaction to take place is likely to be overstated.  
 
Another concern is the expression of a positively correlated or linear relationship between the 
state of the market and liquidity. Theoretically, this makes sense as higher prices drives 
threshold prices for sellers higher therefore encouraging more of them to transact.  In practice, a 
strong market is just as likely to reduce liquidity as the cost of reinvestment risk and the 
performance drag reflecting the holding of too much cash (a particular challenge for retail funds) 
exceeds the potential benefits derived from selling. The theoretical relationships between price, 
supply and demand falter. The phrase ‘no natural selling constituency’ is especially appropriate 
at such times and needs to be considered.  
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Nevertheless, the 2003 paper explored in detail this crucial relationship between buyer and seller 
distributions, codifying the analysis discussed in Quan & Quigley (1991) so several practical 
assumptions in terms of the distribution of market participants were perhaps inevitable. The 
authors summarised that transactions occur when distributions of buyers and seller prices 
overlap and how this overlap changed at different points in the cycle reflected both buyer and 
seller views as to where pricing stood at that particular point in time. Subject to the qualifications 
noted above, this is a rational methodology. 
  
The model corrected for the non-random nature of recorded transactions and required data on 
both sold and unsold properties over a period. The constant liquidity index was established by 
focussing on the mean of the buyer reservation price. The paper then displayed the estimated 
returns of the transaction-based index alongside the constant liquidity index. The results were 
then compared with the appraisal based NCREIF and the NAREIT (REIT equity returns). The 
transactions-based indices showed limited autocorrelation along with higher volatility and 
amplitude in comparison to the appraisal-based index as would be expected. The transactions-
based indices were highly correlated with each other even though the magnitude of returns and 
volatility was markedly different with the constant liquidity index showing higher returns and 
higher volatility. It concluded with an exploration of how different property indices impacted on 
the findings of multi-asset portfolio modelling noting, unsurprisingly that the outcome was very 
sensitive to the final weighting calculated in respect of property.  
 
This paper summarised its achievement as, “in the context of a model of a private asset market 
that is characterized by pro-cyclical variable volume of trading. We have developed an 
econometric model that enables estimation of empirically based constant-liquidity value indices 
of market capital returns or value changes over time, provided data is available on both sold and 
unsold assets in the indexed asset population.” (p299). There is a question, however, as to 
whether you ought to filter out the impact of variable levels of liquidity in property markets to 
approximate the situation in other asset classes. One of the opportunities from investing in 
commercial property is that pricing is impacted by different levels of liquidity and not necessarily 
in a linear manner. Rather than stripping it out of the analysis, is a reasonable alternative to apply 
liquidity, probably defined as turnover of some description as a leading non-linear independent 
variable? Alternatively. many investment professionals are likely to conclude that differential 
levels of liquidity is a basic tenet of their profession given the markets in which they operate and 
the idea of creating ‘clean’ metrics, lies somewhere alongside the debate on de-smoothing 
methodologies i.e. one principally of interest to academics.  
 

2.3.3.3 A Quarterly Transactions-based Index of Institutional Real Estate Investment 
 Performance and Movements in Supply and Demand, Fisher, Geltner, & 
 Pollakowski, 2007 

 
Fisher et al (2007) was an extension of the analysis undertaken in Fisher et al (2003) that 
integrated some of the concepts from previous papers mentioned in order to propose a complete 
methodology for constructing transactions based commercial property indices in the USA. This 
also included incorporating the net income received from properties within the NCREIF index to 
create a total return index in addition to a price metric.  
 
The paper sets out its main objective in the abstract (p5) stating, “This article addresses the need 
for a “fundamental asset class research” index of real estate investment performance and market 
conditions by presenting a state-of the-art transactions-based index (TBI) of commercial real 
estate.” The principle elements from previous analysis included utilising the Fisher et al (2003) 
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model enabling constant levels of liquidity, adjusting for sample selection bias (Heckman, 1979) 
and filtering noise at the quarterly frequency , “where we employed an extension of the Bayesian 
noise filtering technique developed by Goetzmann (1992), Gatzlaff and Geltner (1998) and 
Geltner and Goetzmann (2000). This technique involved the use of a ridge regression as a 
Method of Moments estimator. The estimator minimizes the squared errors of the predicted 
values (property prices) subject to moment restrictions in the results.” (p20).   
 
After covering the buyer and seller distributions already explored in relation to Quan and Quigley 
(1991) and Fisher et al (2003), reservation prices were estimated by modelling sale price and 
probability for buyers and sellers. This allowed for the derivation of separate metrics reflecting 
reservation prices for demand (buy) and supply (sale) sides of the transaction. As the modelling 
was undertaken using property level data, the price estimated by the model acted as a summary 
statistic able to capture both individual building characteristics and temporal dispersion. This 
reduced the components required for the estimated equation and enabled each individual asset 
to have an estimated value derived from transactions data which could then be incorporated into 
the fully restated transactions-based index.  The model also contained an element that captured 
common conditions faced by all investors across the cycle.  
 
The model results were presented on a quarterly basis and covered the period Q2 1984 – Q4 
2005. As expected, the variable liquidity transactions recorded a higher level of volatility than the 
figures provided by the appraisal based NCREIF index but showed a similar level of total return 
over the study period. The correlation between the two indices was estimated to be 0.564 
demonstrating both clear links but fundamental differences between measures, again, as 
expected. Interestingly, the new transactions-based index pulled risk adjusted returns as defined 
by the Sharpe ratio to levels very close to both the quoted REIT index and the wider equity 
market generally. This produced clear implications for multi-asset allocation models. In relation to 
this, the paper showed there remained a substantial role for private commercial property in a 
multi-asset portfolio, although to a lesser extent than previously suggested by the appraisal-
based index. Again, this was a logical conclusion.  
 
The paper also presented some evidence of the transactions-based metric leading the appraisal-
based index in recording turning points in pricing in a manner that tied with economic logic and in 
the direction expected by analysts. The constant liquidity index, based on the demand side, 
showed some evidence of moving quicker than the variable liquidity index, although the 
difference between the indices were reduced when transaction volumes were higher.  
 
This paper remains the article that enabled the transformation of transactions-based measures 
from a theoretical academic debate into a practical research tool in relation to the US markets 
and continues to encourage other markets to adopt a similar methodological approach. It formed 
the basis for the technical note(s) published in 2007 and 2008 (Geltner and Pollakowski, 2007); 
(Geltner and Bokhari, 2008) that formalised the methodology into the index measures that 
evolved into the widely used Commercial Property Price Indices (CPPI) that are now been 
published by Real Capital Analytics (RCA). These now include, amongst others, a US all-
property index at the monthly frequency, US national quarterly indices for offices, apartments, 
industrial and retail as well as selected annual-frequency indices for specific property sectors in 
specific metropolitan areas. It should be noted that these organisations also produce a 
transaction-based index (TBI) based on hedonic modelling which covers separate measures for 
demand- and supply-side metrics.  
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Another extension of creating effective real estate price indices in the USA was provided by 
Bokhari and Geltner (2010). The authors tried to address the difficulties in creating a robust 
market measure at a higher frequency (quarterly) given the lack of transactions data inherent in 
repeat sales transactions-based measures. They constructed four separate annual measures 
based on different starting dates reflecting the four quarters of the year. These annual indices 
were independent of each other. A method was then required to amalgamate the four separate 
annual indices into a concurrent quarterly measure through a mathematical process. The 
process identified was to treat the annual indices, in effect, as repeat sales parameters and 
adopt the regression that minimised the variance in the quarterly return measure.  
 
One point the paper made that is critical to the interpretation of indices constructed in this way is 
that applying a derived index to represent the most recent quarter presents challenges. This is 
particularly the case when a limited pool of transactions in the specific quarter could risk giving 
an unrepresentative picture of the most recent trends, given the reliance on previous transactions 
used in calibrating the index.  
 
The evolution of papers that concluded with Fisher et al (2007) and the (now branded) RCA 
CPPI measures have built up a convincing case as to how a transactions-based price index 
should be constructed. The length of time spent in modelling various approaches and direct 
relationship between the academic professionals and wider industry bodies within the US 
including the existing appraisal-based index providers helped bring the industry towards a 
greater consensus as to the validity of the application of transactions-based measures.  
 
The main themes of this strand of development and refinement of the repeat sales methodology 
have been the requirements to overcome the impact of noise or sample bias to achieve a clean 
measure to track price changes over time. This is particularly relevant for setting up indices upon 
which derivatives are based in order for the wider investment community to have confidence and 
limit the risk of spurious conclusions and wrong decisions that may be undertaken if a biased 
sample was used. The methodology does not, however, provide a template for smaller markets 
which are never going to generate enough observations to replicate the methodology. The is the 
fundamental challenge to the methodology adopted as ‘state of the art’ solutions are not possible 
without a certain level of data. The choice for such markets either appears to be to utilise the 
appraisal-based measures, allowing for all the issues of smoothing and autocorrelation involved, 
adjusted by a relatively straightforward autoregressive model methodology. The only alternative 
for such smaller markets appears to be to find a method that does utilise the full market evidence 
that is available, where the shortcomings of such an approach are acknowledged and, whenever 
possible, contained.  
 
For the sake of simplicity, the repeat sales regression methodology outlined in Bailey et al (1963) 
and extended by Case & Shiller (1989) offers a relatively straightforward means for testing the 
viability of repeat-sales measures for UK office markets. The explicit intention is to identify the 
maximum number of defined CUKO’s where a generic repeat-sales measure that is adjusted for 
heteroskedasticity can be applied. The methodology for generic residential properties could be 
extended to commercial property types where the property categories have been defined 
effectively. There is no desire to replicate or challenge the ‘state of the art’ methodology outlined 
here. Neither is there a desire to incorporate unsold properties into the calculation. The objective, 
again, is to provide meaningful market insights from headline transaction data.  
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2.3.4 Transactions based measures applied to the UK market 

2.3.4.1 Transaction based indices for the UK commercial real estate market: an 
exploration using IPD transaction data. Devaney, S.  & Diaz, R.M. 2011 

 
The literature in relation to the applications of transactions-based measures in the UK is much 
more limited. There is no product based on transactions data in widespread use within the UK 
industry at the time of writing. The summary in Key and Marcato (2007) has already been noted. 
This was followed up by Devaney and Diaz (2011) who followed to a significant extent the 
modelling methodology outlined in Fisher et al (2007), albeit with some differences. The phrase 
‘repeat sales’ is not mentioned anywhere in the body of the paper as the approach followed 
reflects the use of a hedonic process utilising the appraisal/valuation prior to disposal as the 
catch-all independent variable. This has been described as an ‘assessed value’ approach in 
Fisher et al (2007).  
 
Two models were presented, one reflecting a standard ordinary least squares (OLS) approach 
and one which incorporated a Heckman procedure to account for the variable sample. The 
authors estimated equations in each quarter separately to prevent the requirement of restating 
equations as would be the case with pooled models. The methodology utilised UK data sourced 
from (then) IPD over a quarterly basis across the period Q1 2002 – Q4 2010 thereby capturing 
the run up to and aftermath of the GFC. Once again, the focus of the paper was to create an 
unbiased measure of market movements using transactions price data by controlling for a 
variable sample.  
 
The authors employed several filters in collating of the data. In order to remove unrepresentative 
sales, they excluded properties traded over a holding period of less than a year as well as 
removing properties where sale prices changed massively relative to previous appraisals i.e. 
anything 50% lower than or 100% greater than the previous appraisal was excluded. Filtration 
processes for repeat-sales measures are summarised in Chapter 5. In addition, they restricted 
the analysis to the generic sector titles of retail, office and industrial therefore excluding other 
property types such as leisure and healthcare. With reference to the thesis, there is no evidence 
that they restricted office assets to standard offices, so the working assumption is that the 
sample for this paper included office parks.  

The paper then interrogated variables expected to influence the likelihood of transactions 
including recent performance, yield and holding period. These variables, however, did not display 
any significant statistical relationships. For offices, the analysis was restricted to London and 
non-London definitions only. This is of material consideration for how CUKO’s in respect of the 
UK office market are defined and this is assessed in Chapter’s 4 and 5. An interesting finding 
suggested that transactions-based measures in relation to the office (and industrial) sector 
tended to lag rather than lead appraisal-based measures, questioning their overall purpose. 
Further results showed that the transactions-based index did indeed display more volatility and 
lower autocorrelation that the appraisal-based measures. Turning points in pricing, however, 
appeared similar. In relation to turning points, the paper makes an important point in noting the 
transaction price is likely to have been agreed months of advance of the actual completion date 
so the attribution of specific turning points in the market is not necessarily straightforward when 
comparing the simultaneous movements of transactions based and appraisal based measures.   

In further analysis with direct relevance for this thesis, the statistical properties of the time series 
indices were compared with the IPD appraisal-based index and the FTRE/FTREIT measures 
which reflected returns on property shares. The results for the office and industrial OLS models 
along with the adjusted models suggested the normality of the distribution of returns was no 
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longer rejected. Excessive kurtosis and skewness, for the office sample was also markedly 
reduced in comparison to appraisal-based measures and this thesis specifically takes up the 
more research is required to test these findings challenge with the results presented in Chapter 
6.  

The authors suggested that, “the IPD appraisal based indices did not lag the underlying UK 
market to the extent that appraisal series do in the US with each appraisal used in the UK series 
being based on a genuine external reappraisal of the asset for the quarter in question.” (P285-
286). The evidence presented to date appears to validate, at least in part, the view expressed as 
far back as Barkham and Geltner (1994) that UK markets may be more informationally efficient 
than their US counterparts. A challenge to the use of IPD data in respect of the UK, however, 
even in relation to derived transactions-based measures, would be that it is inherently skewed in 
that it misses so many transactions involving private investors and overseas organisations. The 
impact on the sample of transactions with reference to non-London markets is presented in 
Chapter 4. This has a further knock on impact on the representative nature of samples in respect 
of specific property types, a challenge for investors that was explicitly referred to in Trevillion et al 
(2018).    

One further conclusion from this paper was that a credible series for UK transactions-based 
measures could not be constructed below the three main sectors of office, retail and industrial 
properties with the stated view that any such measure could only be complementary to the 
established appraisal-based indices. This consideration is at the heart of the definition of relevant 
market categories in Chapter 4. It is also a fundamental challenge for the application of repeat-
sales based measures across the full UK office market. To a certain extent, this is a natural 
reflection of the heavily skewed nature of the UK invested office market. This thesis seeks to 
establish how far the repeat-sales methodology can go in analysing the UK office market and 
comment on the validity of using point-to-point measures as an alternative. The requirement is 
for a definition that contains a sufficient numerical sample but also reflects a generic property 
type that reduces the scale of differential performance characteristics. Office parks being 
included in the paper but not this thesis is one difference. Another suggestion would be the 
suggestion that retail measures might segment warehouses and shopping centres but that is an 
area of research beyond the confines of this thesis. To reiterate, this thesis does not expect to 
achieve the complete statistical validation of a full price index but strives to develop practical 
tools for investors to use that reflects the market as it is and the data that is available.  
 

2.3.4.2 The London Commercial Property Price Index, Chegut, A. M., Eichholtz, P. M. A. & 
Rodrigues, P. 2013  

 
An attempt to create a transactions price index for the London office market was undertaken by 
Chegut et al (2013) who noted the depth and scale of London in a global context. The index 
eventually created covered the period Q1 1997 – Q4 2011 therefore captured the run up to and 
aftermath of the Global Financial Crisis (GFC). The index was to be contrasted and compared 
with both IPD’s appraisal-based capital value index for London and the repeat sales (then 
branded) Moody’s/RCA CPPI measure for New York. The paper noted that in the UK investment 
market, valuation was a trusted part of the investment process and, “an alternative when 
transaction or data environments are dry” (p589). The paper suggested that random errors would 
signal higher volatility to markets without consistent or a high enough level of liquidity, thereby 
minimising the benefits of the transactions-based measure. This is one of the reasons they 
selected London.  
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The repeat sales model followed Geltner and Pollakowski (2007) and Geltner and Bokhari (2008) 
in devising an ex-post model to estimate returns although the authors explored four different 
estimation techniques. The authors noted that the methodology aligning with (Goetzmann, 1992) 
produced the most stable results and used this method for the index figures produced in the 
paper. This had the added benefit of replicating the methodology used in respect of the MIT 
Repeat Sales Indices as articulated in Geltner and Pollakowski (2007). To create a quarterly 
measure, the Chegut et al (2013) paper utilised the derivation of a measure from separate 
annual repeat sales measures as outlined in Bokhari and Geltner (2010).  In terms of results, the 
four transaction-based indices displayed high levels of correlation although the impact of choice 
of estimation method on the index starts to diverge quite considerably from 2008.  In comparison 
to the IPD capital growth index, there was substantially less positive auto correlation although 
three of estimation methodologies reported negative autocorrelation ranging between 30% - 38% 
indicative of issues relating to noise in the sample. The favoured Goetzman approach produces a 
far more comfortable measure of -7%.  
 
In addition, all four price indices showed an average return of 9% (rounded) which was of a 
completely different scale than the 2.3% growth return reported in respect of the IPD appraisal-
based measure. The authors suggested this was mainly due to the strong growth in price indices 
post 2008 which had yet to be replicated by the lagging IPD index as it had yet to fully recover by 
the end of the analysis period i.e. Q4 2011. The scale of the difference, however, requires 
investigation as the returns from price measures and valuation-based measures should converge 
over an extended analysis period as presented in this paper. The alternative hypothesis in a 
long-term context must be that the indices are measuring fundamentally different entities rather 
than the same property assets. In addition, if the constructed index were to represent the actual 
investor experience through comparing price movements, the returns measure calculated (circa 
9%) implies total returns well into double figures when the income yield is considered. Given this 
study period for this analysis covered the impact of the GFC and, to a lesser extent, the dot-com 
crash, the quoted measures do not appear logical. A major challenge to this paper, therefore, is 
that the contemporaneous total returns suggested by the appraisal-based measures of circa 7% 
pa was far more plausible.  
 
This apparent anomaly leads to some explicit concerns over how the scale of the repeat sales 
sample is so much smaller than total transactions activity. Chau et al (2005) illustrated this with a 
summary of the percentage of transactions that reflected repeat sales. The chart presented in the 
Chegut et al (2013) paper on page 598 emphasises this issue explicitly in respect of London. The 
sample was filtered to remove a number of categories including portfolio transactions and short-
term holds described as ‘flips’. The adjusted annual sample containing all sales remained well 
above 150 since 2001 peaking at over 300 in the run-up to the GFC in 2006. It then fell back to 
circa 200 in respect of 2008-09 before increasing to over 400 by the end of the study period. At 
the same time, the unfiltered repeat sales sample of transactions only exceeded 200 in the peak 
year of 2006. The same sample remained below 150 per annum from 2008 to the end of the 
study period.  
 
The story is even more concerning, however, when the filtration applied to the full sample is 
extended to include assets that have undergone a fundamental change in size or building 
category over the course of the holding period. This produced a sample that averaged around 30 
transactions per year over the course of the study period. Can 428 paired transactions reflect the 
totality if the London investment market over the period 1996-2011? There is surely a substantial 
risk that the narrowing of the data sample to such an extent could produce erroneous results if 
the filtered repeat transactions do not reflect the much wider sample.  Chapter 5 covers the 
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period of Q1 2001- Q2 2018 and presents a substantially larger sample for London.  The search 
for a clean index methodology runs the risk of losing too much important market information.   
 
The paper also explored turning points, principally in relation to the annual transactions-based 
measures. It suggested that the transactions-based measure led the IPD appraisal-based 
measure by one year on a consistent basis. The situation with the quarterly index was less clear-
cut.  
 
This paper stated that the data was not sufficient to produce reliable estimates of London sub-
markets and that repeat sales indices in general were not available in the commercial real estate 
sector in Europe again highlighting some of the main justifications for this area of study. 
Nevertheless, this paper produced the first UK transactions-based estimate for a defined UK 
commercial property market through applying the techniques that had gained widespread 
acceptance in the US markets. The headline results of greater volatility and picking up turning 
points earlier also reflected the desired outcomes of the authors. Issues relating to the sample 
leading to excessive headline levels of return, however, need to be explored further.   
 

2.3.5 Statistical properties and liquidity 
The analysis undertaken by Young et al (2006) explored the distribution of UK real estate returns 
utilising appraisal based IPD data over the period 1981-2003.  Whilst this thesis is based on 
pricing levels as displayed by yields, the range of achieved transaction yields and how these 
change over time, this paper made some important points about how commercial real estate 
portfolio models are constructed and offered some avenues for exploration in terms of 
distribution modelling. After a thorough review on the analysis undertaken in this area across a 
number of national markets, the authors summarised that real estate returns displayed non-
normality principally due to excessive kurtosis although skewness could prove an issue at certain 
times and with regard to certain property types.  
 
The authors were targeting the issue that, “Conventional approaches toward empirical real estate 
research have assumed the normal probability distribution of asset-specific risk as an act of faith, 
and then apply statistical techniques to obtain descriptions of systematic and market-sector risk.” 
(p116). Their findings reinforced the rejection of normality suggesting that real estate investment 
risk during the sample period was heteroskedastic. The conclusion resulting was that utilising 
models based on infinite variance and skewness performed far better in explaining results than 
normally distributed based equivalents. This finding has major implications as to the extent of 
investment required to diversify away asset specific risk in a commercial property portfolio. A 
large part of the data collection and analysis in the project relates to defining the distributions of 
transaction yields and how these change over the cycle and about liquidity.   
 
This paper finished by commenting that, “A final observation concerns the accuracy of appraisal-
based returns data relative to transaction-based data. The fact that thousands of appraisals by 
real estate professionals across the country over a 23-year period form sample distributions with 
nearly indistinguishable characteristic exponents across calendar years by property types, 
strongly suggests that the real estate community has a common perception of asset value and 
the sources of that value that have remained constant across changing market regimes of 
liquidity, credit access, and supply and demand of product.” (p132)  
 
One of the notions behind this thesis is that the transaction prices achieved reflect a clear 
perception of the absolute and relative value of a sector and the range in transaction yields 
summarises the level of discount(s) from the ‘best in class’ across the properties sold in any 
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quarter. Given that the ‘best in class’ building is hardly ever available for sale, it is reasonable to 
track price movements based on the properties that are traded. The distribution of those traded 
prices combined with the sample size will determine the robustness of the inferred pricing 
movement.  
 
The impact of liquidity in respect to pricing has already been discussed. Fisher et al (2004) 
developed a sale probability model which was an important component of the full transactions-
based methodology as they attempted to explain the frequency of transactions. Buckles (2008) 
explored deriving a liquidity index from transactions for the US market. Fisher et al  (2009) traced 
the link between investment flows and (appraisal) returns also adding some economic variables 
into the model. Ling et al (2009) investigated the relationship between investment flows and 
capital growth in respect of the UK market. They found a statistical relationship between capital 
returns and lagged turnover, hypothesising that higher turnover produced greater pricing signals 
that boosted information signals which reduced investment risk therefore boosting values. They 
also pointed out that tracking institutional investment flows was problematic when those 
institutions were responsible for a modest portion of activity within a given market sector. They 
also found a link between lagged capital appreciation and turnover, suggesting the ability to trade 
more easily in ‘bull markets’ was a factor.  
 
Jones et al (2016) produced an investigation into UK commercial property liquidity using 
investment volumes sourced from the IPD Annual Digest. The study period covered 1981-2010 
and therefore captured the cycles of the late 1980’s/early 1990’s and the mid 2000’s. The 
authors argued, with good reason, that liquidity was a far more complex phenomenon than 
previous literature produced in respect of the UK had suggested. In respect of this paper, liquidity 
was defined as the proportion of transaction sales relative to overall portfolio value. They 
hypothesised that liquidity levels operated in direct proportion with the cycle i.e. boom markets 
reflected higher liquidity compared to weaker markets that engendered weaker activity.  
 
The paper utilised a mathematical process known as a Hodrick-Prescott filter to separate out 
cyclical components and underlying trends of a time series of transaction volumes to better 
understand market liquidity. The study had to cope with some structural changes in the UK 
property market over the study period including the move by institutional investors towards 
holding higher value assets. This trend also included the disposal of many smaller properties 
across institutional portfolios. There was also the emergence and establishment of new sectors 
such as retail warehouses and supermarkets.  
 
The statistical analysis suggested that purchases and sales, as a proportion of the overall 
property stock contained in the index indicated that ‘churning’ had increased over the study 
period.  The authors also published evidence for a sustained upward trend in the value of sold 
properties relative to total capital value, indicating higher levels of liquidity, suggesting churning. 
With specific reference to offices, the authors, utilising a Granger causality test process, 
suggested that the cycle did directly filter through into transaction volumes. The deviations from 
the trend, however, were modest until towards the end of the study period when the build up to 
and aftermath of the GFC started to impact on the metrics.  
 
What the study ended with was a suggestion that the cycle itself may prove less of a 
fundamental driver of market liquidity than structural/behavioural influences where increased 
numbers of disposals reflected profit taking by experienced institutional investors selling to recent 
entrants to the UK market. In summary, this paper articulated the theory that a greater number of 
investors with shorter holding period requirements have entered the market given the greater 
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level of information that had becoming available over time. This has led to greater level of activity 
within existing portfolios. The authors finish by suggesting recent entrants to the market maybe 
driving patterns in transaction activity that do not necessarily reflect the underlying fundamentals 
of the market. They consider that an increase in the number of investors adopting a short-term 
outlook could engender greater instability in the market itself more volatility in pricing generally, 
representing negatives for traditional institutional investors.   
 
On the other hand, it is reasonable to suggest that a greater number of investors operating under 
different return requirements should, all things being equal, contribute to greater market 
efficiency. The scale of transactions volume data used in the thesis is more comprehensive than 
the IPD Annual Index database (admittedly over a shorter study period). One of the main 
principles of the thesis is to determine whether transaction prices can form the basis of more 
accurate risk measures. A further challenge is that the market needs a range of participants 
targeting a wider range of investment objectives including short term moves and speculation. The 
alternative is a narrow class of investors on similar strategies who are highly susceptible to the 
herding mentality and groupthink that poses an even greater risk to market stability.  
 
There has therefore been a significant amount of exploratory work on the impact of liquidity on 
returns on UK commercial property returns although this has, to date, looked at appraisal-based 
measures and not prices. It will be worthwhile investigating whether the distribution of the 
achieved prices relates to investment activity directly. This could test contemporaneous and 
lagged relationships in order to evaluate whether concepts such as ‘the weight of money’, 
‘multiple bidding environments’ and illiquidity benefit’ (the value of not having to mark to market 
or automatically trade when markets are weak) can be proven to a statistically valid standard. 
 

2.3.6 The challenges incurred when utilising transactions-based measures 
As far as the literature to date is concerned, the challenges involved in establishing transactions-
based measures are widely known and can be mitigated through the implementation and 
refinement of a repeat sales methodology. They cannot, however, be eliminated and, with 
reference to the UK, these challenges continue to prevent the widespread utilisation of 
transaction-based measures.  

The data requirements that would enable the creation of repeat sales-based measures remain 
serious issues for markets such as the UK and beyond. As every major paper in the field has 
acknowledged, the requirement for repeat sales data represents using a subset of a subset as a 
representation of the wider market. To achieve a sample s to create representative metrics, the 
size requirement of the original defined market in terms of size as defined by value and number 
of assets is likely to be large. This presents the risk of producing effective performance metrics 
for a limited number of larger markets resulting in the pushing of even more investment into such 
markets and away from their smaller counterparts. One of the fundamental objectives of this 
thesis is to define the limits of applying repeat-sales based measures in respect of the UK office 
market.   

If investors can only find sufficient samples to create measures that they fully trust in global 
markets such as London, New York, Paris and Tokyo, the natural inclination will be to favour 
such markets to an even greater extent than they do now. The implications resulting from any 
tiering of transactions-based measures would threaten the effective allocation of investment 
across the wider market(s). As the investigation produced by Chegut et al (2013) demonstrated, 
concerns over the sample size can extend to London. A stated methodology that struggles to 
produce a sufficient sample for the London office market is, perhaps, fundamentally flawed.     
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The use of repeat sale assets as the building blocks for creating transaction-based measures 
presents the issue of the use of subjective interpretation in determining the validity of the entry of 
a specific transaction into the repeat sales sample. The consideration needs to be made as to 
whether the property truly represents the same asset over the course of both transactions. A 
basic example states two properties traded twice over identical holding periods. One asset has 
undergone significant investment/maintenance expenditure whereas the other has not. Using the 
point to point measures in an identical manner suggests a comparable measure of market 
performance when the market movement cannot be comparable. Any move towards 
categorisation of assets using thresholds of expenditure that could involve exclusion/inclusion of 
transactions from measures after a certain boundary in crossed will require a degree of 
subjective interpretation. This threatens extending one of the principal drawbacks of using 
appraisal-based measures to transactions-based metrics. All papers that have created 
transactions-based measures have contained their own, logical as far as the construction of 
individual indices is concerned, filtration rules. 

In a similar vein, the academic focus on minimising the noise through calculating returns on a 
repeat sales basis in order to achieve a measure on a same property basis places too much 
emphasis on the fabric of the physical features and fabric of the building. Even allowing for a 
degree of maintenance expenditure occurring over the period between transactions, the leasing 
details of a particular property, be they related to the average weighted unexpired lease term 
(AWULT) or tenant covenant strength change. This does not allow for the change in the market 
or wider economy between the transaction points. This means that a fundamentally different 
asset is being priced. The successful use of repeat sales to mitigate the noise inherent from 
trading different assets is therefore partial, particularly with regards to paired transactions with 
long holding periods.  

The summary of de-smoothing appraisal-based measures noted the issues of transparency and 
opacity in gaining greater acceptance in the use of such techniques. The literature review of the 
development of transactions-based measures confirms that this presents an even greater 
challenge in gaining widespread acceptance in markets such as the UK. Almost as a paradox, 
the impressive nature of the ‘cutting edge’ mathematical modelling employed in the development 
of these measures curtails their applicability in practical terms.  

Unlike the US, there has not been the ‘walk-through’ provided by academia in gaining greater 
acceptance within the broader industry. The complex modelling underpinning these measures in 
correcting for sample bias, different degrees of liquidity and the filtering of transaction prices into 
a smaller subset of repeat sales increases the opacity, practically by default. This is an even 
greater challenge in the UK where for all its issues, the IPD index continues to retain broad 
confidence amongst industry practitioners and academia, to a certain degree (Devaney and Diaz, 
2011). Any fundamental change to the status quo would need to be based on a far simpler and 
transparent methodology that could be understood comfortably by a wide range of practitioners.  

2.4  Risk measures 
This section briefly summarises some of literature pertaining to the risk measures that will be 
explored in Chapter 6. At that point, the relevance of the measures created as outlined in 
Chapter’s 4 and 5 can produce effective measures of risk.  

This thesis presents analysis on the UK office market only. It is, therefore, not possible at this 
stage to create a full investable universe metric. This prevents, prior to further research creating 
the relevant datasets, the quantification of risk on the basis laid out in the capital asset pricing 
model as developed by Sharpe (1964) and Lintner (1965). In this model and the wider theory 
developed on the back of it, diversification eliminates asset specific risk and leaves market risk 
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as the fundamental definition of quantified risk. The appropriate level of performance reflecting 
the level of risk associated with investing in an individual asset or portfolio of assets could then 
be quantified through the relevant beta5. Beta remains at the heart of the quantification of risk 
adjusted performance across many asset classes. A defined universe or ‘benchmark’ measure is 
also a fundamental component of a range of risk measures such as the Treynor ratio (Treynor, 
1965), Jensen’s alpha (Jensen, 1968), Modigliani’s risk adjusted performance calculation 
(Modigliani and Modigliani, 1997), an information ratio or a tracking error calculation (Treynor and 
Black, 1973).  

2.4.1 Risk adjusted returns 
There are, however, established methodologies used in quantifying risk that do not require a 
defined commercial property benchmark statistic. The most basic measure is the standard 
deviation of returns. This assesses the overall volatility in relation to an average figure over a 
time series. Using the standard deviation normally requires assumptions as to the normality of 
the distribution of the defined measures. The statistical properties including normality of the 
transaction-based data created is explored in detail in Chapters 5 and 6.  

2.4.2 Sharpe and Sortino ratios 
The Sharpe ratio measure was originally established by William Sharpe in Sharpe (1966). There 
was a later amendment (Sharpe, 1994). The original version of the ratio was calculated as: 

Equation 2: The Sharpe ratio (Sharpe 1966)  

 

S =
𝐸𝑅 − 𝐸𝑅

𝑉𝑎𝑟 𝑅  

 

 

Where   S = Sharpe ratio 

             𝐸𝑅   = Expected/realised return on an asset/market 

             𝐸𝑅   = Expected/realised return on risk free asset      

 

This metric divided the excess returns an asset or market delivered above a defined risk-free rate 
by the volatility of the returns of that defined market or asset. A bigger excess return and lower 
standard deviation of returns would result in a higher Sharpe ratio, suggesting an attractive 
investment. The terms in respect of expected returns for both assets/markets and the risk-free 
rate were often calculated on an ex-post basis using historic data. 

The Sharpe ratio was always subject to several criticisms as presented by Goetzmann et al  
(2002), Israelsen (2003) and (Lux, 2002). These challenges included the issue that the measure 
captured total volatility as opposed to downside risk. In addition, there was no easy method of 
ranking what an effective scale of the ratio was, and the ratio had no clear link to the scale of 
returns that investors were familiar with. The interpretation of negative ratios, reflecting a 
negative excess return that is a regular feature of declining markets, also proved problematic. 

A few such criticisms of the original Sharpe ratio calculation were discussed in the updated 1994 
paper (Sharpe, 1994). This paper also acknowledged that the analysis of volatility should reflect 

 
5 A beta coefficient is a measure of the volatility of an individual asset or defined market segment in comparison to the risk 
calculated in respect of the entire market. Beta is used in the capital asset pricing model (CAPM), which calculates the 
expected return of an asset using beta and expected market returns. Beta represents the slope of the line through a regression 
of data points from an individual stock's returns against those of the market. 



43 
 

an appropriate benchmark or target. The benchmark for this calculation could be a defined risk-
free rate, a benchmark or target return figure. This resulted in the standard formula being 
restated as:  

Equation 3: The updated Sharpe ratio (Sharpe 1994)  
 

S =
𝐸𝑅 − 𝐸𝑅

𝑉𝑎𝑟 (𝑅  − 𝑅  )
 

 

Where   S = Sharpe ratio (modified) 

             𝐸𝑅   = Expected/realised return on an asset/market 

            𝐸𝑅   = Expected/realised return on risk free asset  

𝐸𝑅   = Expected/realised on defined benchmark (Risk free asset for the          

Sharpe ratio)  

 

A measure like the updated Sharpe ratio is known as the information ratio. The sole difference is 
that the risk-free asset figures in both the numerator and denominator above are replaced by a 
benchmark figure. This could be an absolute target rate of return figure or defined market index.  

Whilst the Sharpe ratio has had its challenges and critiques, it remains a straightforward tool that 
assesses risk adjusted performance, spanning within and across asset classes, with value in 
assessing relative risk-adjusted performance. 

One of the major challenges to the validity of the Sharpe ratio is its equivalent treatment of 
volatility on both sides of the distribution. In effect, the strongest investment performance would 
reduce the Sharpe ratio by increasing the scale of volatility. This is the heart of the analysis 
produced by Sortino and Price (1994). Their focus was on defining and quantifying downside 
risk. This investigation was distilled into the Sortino ratio which is outlined below: 

Equation 4: The Sortino ratio (Sortino and Price 1994)  
 

 

Sor =
𝐸𝑅 − 𝐸𝑅

𝜎
 

 

             Sor = Sortino ratio  

             𝐸𝑅   = Expected/realised return on an asset/market 

            𝐸𝑅   = Expected/realised return on risk free asset  

                           𝜎  = Standard deviation of the downside 

 

The formula is based on an identical numerator as the Sharpe ratio calculation in respect of both 
the original and modified versions. The denominator is, however, considerably different. 
Downside risk is calculated by establishing a minimum return threshold the asset class must 
achieve. This could be the average return figure, an absolute measure pegged to an inflation rate 
or indeed zero. If the asset delivered a rate of return at or more than the benchmark level, the 
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calculation for downside deviation in relation to that time was set to zero. If the rate of return fell 
below the defined benchmark level, the rate of return less the defined benchmark measure was 
the formula data input for that period. 

As an example, assume downside deviation is being calculated on an annual basis with returns 
to achieve 4.5% pa. In year one, the asset returns 10% whilst in year 2, the asset returns -2.5%. 
The inputs into the downside deviation, in respect of year one is 0. In respect of year 2, the figure 
is -6.5%. These statistics are accumulated over the study period before the variance and 
standard deviation are calculated. This technique has the effect of removing positive outcomes 
whilst amplifying negative performance in the eventual volatility calculation. 

This area presents considerable scope for further research and the thesis provides in Chapter 8 
an illustration of how transactions-based measures can contribute to this important field of 
research, both in the academic and, to a greater extent, practical contexts. 

2.5 Summary 
There are several major issues that the thesis needs to consider following the literature review 
presented.   

The limitations in respect of appraisal-based measures, particularly in respect of quantifying 
commercial property risk to an appropriate level, are widely known. Nevertheless, the measures, 
principally in respect of the MSCI database continue be extensively used in the UK, supported by 
a combination of an inertia and the view that there is nothing better available for use in day to 
day practice. 

The potential solutions as reviewed in this chapter, particularly in respect of the UK, have largely 
focussed on an academic debate centred on determining the most effective method available to 
de-smooth existing appraisal-based metrics. This thesis does not consider that debate in any 
further detail.  

The second proposed solution was in the creation and utilisation of measures based on 
transaction prices. The main issues that have been mentioned in conjunction with the utilisation 
of transactions-based measures refer to data availability, opacity and whether the minimisation of 
noise through the adoption of repeat sales produces a sample that can track genuine pricing 
movements over time.   

To date, this area of academic theory and its incorporation into professional practise has been far 
more pronounced and successful in respect of the USA rather than the UK. There are, however, 
several fundamental challenges described in the literature relating to transactions-based 
measures that this thesis attempts to address.  

The requirement for repeat sales in the construction of transactions-based measures 
necessitates a substantial decline in the sample incorporated into such measures. This presents 
a fundamental challenge for the development and acceptance of said measures. The comments 
in 2.3.4.2 in respect of Chegut et al  (2013) demonstrate the extent of the problem.  

The thesis presents a hypothesis that the definition of a generic property type and creation of a 
range of concurrent quarterly measures with straightforward data filtration parameters can 
produce relevant metrics. It uses the repeat sales data methodology pioneered by Bailey et al 
(1963) and Case and Shiller (1989) to determine the limits of repeat sales measures in respect of 
the UK office market. This will explore whether some of the complex modelling at the heart of the 
literature is totally necessary in creating effective measures for exploring the UK office market.  
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There are a limited number of techniques able to estimate performance adjusted for risk without 
a market or universe measure. Standard deviation, Sharpe ratio, Information ratio and Sortino 
ratio provide a few options, each with their own attributes and limitations. 

This thesis also intends to explore the question as to whether sales prices of similar properties, 
not the same properties, can produce meaningful metrics. The analysis will test whether the 
relationship between traded prices of similar properties in subsequent measurement periods i.e. 
consecutive quarters can produce an effective a measure of market movements. This again, 
could be a challenge to the more accepted methodological requirement for utilising repeat sales. 
Indeed, using point to point metrics of subsequent quarters on similar properties may well prove 
more representative than using repeat sales regression techniques in respect of properties 
where transactions occur over extended holding periods.  
 
The thesis intends to explore these issues in detail. One of the principal objectives is to test 
whether the variability in terms of the depth and quality of the sample prevents effective market 
analysis indicators from being created. Devaney and Diaz (2011) again noted the homogenous 
nature of commercial property assets held within the UK, certainly in comparison to the United 
States. If this is, indeed, the case and the sample of transactions per quarter is big enough, 
would it be possible to create meaningful metrics from comparing transactions that occur on a 
quarterly basis with the preceding quarter in order to infer changes in market prices?  Is there a 
data validation process capable of filtering out enough of the noise to produce meaningful, 
relevant metrics? Chapter 3 outlines the research methodology involved in exploring this 
question with Chapters 4 and 5 outlining the construction of a database using transactions-based 
measures and the statistical properties of the analytical measures derived from that same 
database.  

One of the longstanding arguments against adopting transactions-based measures in respect of 
the UK market has concerned the availability of data. This was certainly true in respect of much 
of the period since the establishment of IPD in 1985 with comprehensive data backdated to 
1981. This thesis, however, takes the opportunity to explore the transactions-based data 
produced by PropertyData since the turn of the millennium. The study period of Q1 2000 – Q2 
2018 (Q2 2001 – Q2 2018 for performance measures) is substantial.  It will help determine 
whether there is now a critical mass of historic data that supports meaningful measures that can 
genuinely represent the investor experience in respect of a range of defined UK office markets. 
The utilisation of transaction prices in analysing UK commercial property markets presents 
opportunities for automatic collation and generation given the requirement to register changes of 
ownership through the Land Registry.  
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Chapter 3 Research design 
 

3.1 Introduction 
This chapter explains the objectives of the research undertaken in respect of this thesis. It 
considers a few the themes and concepts covered in the literature review conducted in Chapter 
2. This explored a range of topics relating the challenges faced by property investment analysts, 
with reference to the UK market, in utilising traditional appraisal-based measures. The literature 
review also investigated the development of transactions-based measures in respect of 
commercial property markets.  
 
It is the contention of this thesis that there remain a number of areas where the academic 
literature produced to date represents partial solutions to some of the issues that are faced by 
practitioners in research and strategy roles at the present time. This chapter outlines some of the 
explicit issues facing the research communities and lists objectives that the thesis is charged with 
achieving to address these specified issues. The objectives, in combination with the findings of 
the literature review are then condensed into explicit research questions. The chapter then 
establishes a research method enabling the exploration of and culmination in forming effective 
responses to the proposed questions. Solving these research questions would contribute to the 
existing literature in the field and offer a practical methodology to be exploited by investment 
analysts in their professional employment.  
 

3.2 Major issues resulting from the literature review  
The use and application of appraisal based measures in relation to commercial property analysis, 
both in the UK and in wider markets has long proved a contentious subject that has been 
reflected in a substantial pool of academic literature that can be traced back decades and was 
summarised in Chapter 2. The validity of appraisal-based measures has been challenged by 
academics and practitioners alike, many of these challenges reflecting the following 
demonstrable issues: -  
 

 Smoothing, temporal and spatial aggregation within the appraisal process ends up 
producing figures which do not provide investors with accurate assessments of market 
risk 

 Appraisal based indices do not accurately reflect the scale of market movements when 
placed under extreme conditions or when fallow markets produce limited evidence and 
uncertain information to amend previous measures 

 The high degree of autocorrelation and predictability in appraisal-based returns is a major 
challenge to the degree of market efficiency that most practitioners experience in the real 
world. No group of commercial property investors have been able to demonstrate 
sustained out-performance over a period that the predictability of the performance 
measures suggests should be possible 

 The construction of appraisal-based measures requires an extended process that 
requires data processing that delays the release of information in comparison to other 
asset classes  

 The process of draft valuations and structure of client relationships within the industry 
results in a series of conflicts of interest that impugns the degree of independence that 
even the most effective valuation professionals can exercise 

A major strand of research in this area, dating back to Blundell and Ward (1987) has 
concentrated on developing mathematical models and equations designed to ameliorate the 
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worst excesses produced by the appraisal-based measures by de-smoothing them in order to 
produce a more representative metric. The complexity involved in addressing the challenge in 
this manner, particularly in a professional, practical context rather than an academic 
environment, ensures that research defined in such a context has only been able to produce, at 
best, a partial solution. The interests of the index providers alongside those of the organisations 
manufacturing and supplying the data also stand against the formal adoption, industry-wide, of 
de-smoothed measures. They are likely to remain the preserve of the academic-minded research 
community operating within their own immediate working environment.  
 
A further alternative that has proved, to date, far more popular in the USA compared to the UK 
market has been the emergence of commercial property metrics that are explicitly constructed 
through using transactions prices. This development took place even though academics were 
fully aware of the challenges in creating such measures. The fundamental problem was and 
remains the fact that a limited proportion of a given market is traded over a given measurement 
period. Inferring market-wide movements from a narrow sample of properties was therefore 
always going to prove more difficult in comparison to other asset classes where pricing 
information could be transparently accessed through public exchanges daily.  

Nevertheless, the development of transactions-based measures continued in respect of the USA 
market, also as a response to the concerns over the usage of appraisal-based measures, 
perhaps to an even greater extent than was the case in the UK. The NCREIF appraisal-based 
index in the mid-late 1990’s was wholly inadequate for strategic or research purposes. This 
literature was also reviewed in Chapter 2 with several generic conclusions: - 

 Transaction based indices are modelled either though a hedonic process that specifically 
accounts for a few individual building characteristics or a repeated sales regression 
methodology 

 The hedonic method has been largely overtaken by the repeated sales methodology due 
to the scale of data required difficulties at standardising the classifications which drive the 
hedonic modelling process 

 Repeated sales techniques, originally advocated in the 1960s, came to prominence in the 
United States largely because of the widely known concerns regarding bias in the 
NCREIF valuation-based indices 

 The RCA Commercial Property Price Index reflects advanced regression techniques that 
essentially capture buyer and seller reservation prices, the probability of sale and 
previous prices as a catch-all building quality measure to create a variable liquidity 
pricing index. This process is now widely used in the USA and forms the basis for 
derivatives sold in relation to that market 

 A range of statistical techniques were employed to tackle sample selection bias. 
 Analysis on transactions-based indices in the UK has been limited in comparison to the 

USA although a repeat sales price index for London offices was produced in 2013. 

This area of research, reflecting cooperation between professional practice and academia in the 
USA, contributed to the wider adoption of transaction-based indices in that country, most notably 
in the publication of the RCA Commercial Property Price Indices (CPPI). These new measures 
appear to have addressed many of the issues for US practitioners presented by appraisal-based 
measures including producing a more plausible level of volatility that would be more effective in 
constructing multi-asset portfolio allocation models  

There do, however, remain issues with transactions-based measures and they have yet to be 
adopted to any significant degree in the UK. The requirement for repeat sales means most 
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recorded transaction prices are removed from the analysis so the indices on which decisions will 
be based are already reflecting a reduced sample of the market evidence available. Chau et al 
(2005) gave an indication of the sample degradation for previous studies into residential repeated 
sale-based indices. The review of Chegut et al (2013) demonstrated that the repeat sales 
methodology used in the construction of London indices resulted in a severe reduction of the 
sample of transactions that could be utilised in their construction of a commercial property price 
index.  

Even though the issue should diminish as the length of time the sample covered by repeat sales 
rises, the impact of leasing changes over time, depreciation and refurbishments means that it is 
difficult to guarantee that repeat sales refer to the same asset/building, particularly for repeat 
sales with long intervals between pricing data points.   

In a similar vein, the reliance on repeat sales automatically favours deeper, larger markets as 
only these markets contain sufficient of repeat transactions that can be captured by the 
methodology. Basically, if the only robust methodology that practitioners will accept in respect of 
a transactions-based measure covers only the largest available markets, be they defined by 
location or property type, money will continue to be attracted to these markets. This risk creating 
a self-fulfilling prophecy with smaller markets being unable to source investment on a competitive 
basis. This could lead to lucrative opportunities being missed out completely.  

The utilisation of such indices pushes the investor towards a data provider which acts to all 
intents and purposes as a natural monopoly, given the substantial data requirements and 
provision of confidential information relating to leases, etc. One element of the advanced 
methodology behind the CPPI requires the collation of data from unsold properties in addition to 
sold assets to estimate the probability of sale. That is only available at a market level to a 
provider who collates appraised values from a range of investors. The costs of acquiring such 
information for investors, particularly for smaller scale organisations, may well prove onerous and 
reinforces the high search costs that reduce the overall efficiency of the real estate market.  

Finally, in an echo of the situation with de-smoothing appraisal based indices, the complex and 
intricate mathematical modelling that transforms the raw repeat sales data into a viable index 
through filtering out sample noise is likely to prove difficult to comprehend for large sections of 
the professional population who would be the most likely users of the measures. It is unlikely to 
prove transparent enough for many investment professionals. It is reasonable to hypothesise that 
these market practitioners will be less likely to utilise a tool that they do not fully understand or 
trust in their professional environment. In terms of the relatively small commercial property 
investment/research community operating within the UK, the practical application of any tool 
created in academia will always determine its effectiveness and the intrinsic value of a given 
body of research.   

3.3 Research objectives 
The challenges are substantial, but the overriding objective of this thesis is to demonstrate in a 
conclusive manner the practical uses of transactions based measures created in respect of the 
UK office market but also demonstrate the practical limits of measures constructed through using 
the repeat sales methodology. The approach employed is also buttressed by the level of scrutiny 
stemming from the thorough investigation of previous literature coupled with the statistical testing 
and validation that can only be achieved through detailed academic study. This methodology will 
produce data that generates sensible metrics estimating risk and return for commercial property. 
This will contribute an alternative that stands between appraisal-based indices with their 
smoothing issues and the technical solutions proposed for transactions-based measures. These 
have, to date, failed to gain widespread acceptance within the UK industry. Some of metrics 
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produced in this thesis, particularly those relating to income and total returns, reflect proxy 
measures that have been created using assumptions. The validity of taking this approach is 
confirmed by comparing these measures with the established appraisal-based measures.  

The research has selected UK offices as the broad sector to be examined. The availability of 
data in the UK combined with pronounced cycles in UK offices, particularly in relation to central 
London markets and the substantially different performance characteristics in alternative UK 
office markets should allow for diversification possibilities to be examined and quantified 
statistically. The metrics also need to tie in with the recorded investor experience. This study also 
benefits from the accumulation of the volume of transaction price data that has grown since the 
turn of the millennium. There is now data covering a sufficient study period that can validate 
substantive conclusions. The structure of the UK office market reflects to a certain extent how 
existing portfolios are categorised and measured, particularly in relation to performance reporting 
by MSCI. It should be noted here that there is nothing in theory that prevents the proposed 
methodology being extended to other property types and alternative markets.  

The objectives also include, at the minimum, the production of metrics that are at least as 
effective as traditional appraisal-based measures in determining market turning points and when 
best to switch between different UK office markets. The investigation of the scale and volatility of 
the risk premium is crucial in converting the defined metrics into effective analytical tools. The 
thesis also seeks to challenge the existing relationships between defined market sectors that 
often produce high levels of correlation and erroneously understate the diversification 
possibilities that are available within a commercial property portfolio.  

The specific objectives of this research are summarised below: - 
 

 Analysing current definitions of UK office market segments and improving wherever 
possible 

 To provide an alternative and practical methodology that mediates the long-standing 
issue of appraisal-based analysis when setting investment strategy for the UK office 
market 

 Integrate some of the theory behind the creation of transaction-based indices into the 
methodology but one which covers smaller markets that cannot produce repeat-sales 
based samples 

 Quantifying and exploring the scale and statistical properties of the risk premium relating 
to UK commercial offices  

 Determining whether the use of transactions in subsequent quarters can produce reliable 
or relevant metrics that cover both price changes and returns, potentially reducing the 
requirement for full repeat sales-based samples when constructing transactions-based 
measures  

 Transforming a limited dataset into a method which is realistically available to most 
investors at reasonable cost. 

 

The end goal of this piece of research must be to contribute to more effective deployment of 
investment capital into the market over the cycle and reduce the reliance on valuation-based 
models. These have always disadvantaged commercial property compared to asset classes 
benefitting from more transparent pricing information. The theoretical solution proposed here 
suggests a hybrid approach that accepts the limitations of data but points a way forward that 
enables the delivery of strategic advice for markets which is not available or has not been utilised 
at the present time.  
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3.4 Research questions 
To achieve the outlined objectives, the thesis will need to devise methods that are able to 
address specific research questions. Some research questions overlap, and elements have been 
substantially addressed through existing literature. The challenge for the thesis will be to 
advance understanding through addressing all the research questions individually and 
collectively. The questions have been designed to reflect the specific challenges the thesis 
intends to address. The production of a straightforward yes or no response is less likely than a 
more convoluted reply but setting out the questions in this manner is desirable in order to 
determine how effective the overall thesis proves in matching the stated objectives. The 
questions are detailed below: - 

1. Can using transaction yields provide the basis for a methodology that produces 
reasonable risk and return metrics for UK office markets even when some of those 
markets record modest levels of activity?  

2. Is the use of repeat sales essential in constructing transactions-based metrics? 
3. Can metrics based on point to point movements in average transaction yields deliver 

results that are sufficiently robust in a statistical sense? 
4. Is it possible to improve on the standard definition of segments in respect of the UK office 

market? 
5. Does the adoption of transactions-based measures produced for the thesis have 

implications for portfolio modelling and risk analysis? 

In order to answer these specific questions, the remainder of this chapter establishes a 
methodology intended to respond to the individual research questions in an effective manner, 
outlining the portions of the thesis as a whole that specifically respond to the individual research 
questions.  

3.5 Research methods 
The methodology utilises the basic transactions data that is available commercially, reflecting the 
headline metrics of an individual property transaction as they are recorded. This contains 
information on spot yield (initial), the transaction price itself, transaction date, investor type 
(buying and selling) plus the location as defined in terms of town and region. At the present time, 
this headline transactions data for research purposes is priced at a significantly lower level than 
the appraisal-based equivalents as the data essentially confirms verifiable facts when a 
transaction is concluded (see Chapter 8 for how this information flow might evolve in the future). 
This is in marked contrast to the substantial process involved in constructing valuations including 
measurement, visiting individual assets, the draft valuations presented to owners and the 
certification and sign-off of said valuations. This reflects a large undertaking that is required even 
before the appraisals are collated and converted into performance measures.  

The data requirements for the research methodology are therefore much less onerous, in terms 
of both the time and cost involved.  

The solution to address the research questions detailed in 3.4 concentrates on providing a 
practical solution for market analysts. The goal is to take a relatively limited dataset and work that 
into a format which is realistically available to investors at a reasonable cost. It tests, explicitly, 
whether using all transactions incurred within a quarter, subject to appropriate levels of filtration, 
can question the existing requirement for repeat sales. This question is also addressed by a 
direct comparison with repeat-sales based measures.   

The methodology in this thesis, reflecting common practice in both commercial real estate 
research and investment research more generally is heavily quantitative in both design and 
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execution. More mixed approaches are starting to appear in real estate research in the 
exploration of areas such as behavioural finance. The use of qualitative interviews conducted 
anonymously can produce effective analysis of controversial topics as in Trevillion et al (2018). 
Nevertheless, when addressing issues related to investment pricing, measures of risk and 
portfolio optimisation, a quantitative approach reflecting on previous quantitative research is 
deemed appropriate.     

The intention is to utilise the range of yields recorded in a quarterly measurement period and 
relate that range of yields directly to the equivalent dataset in subsequent periods. Following the 
collation of quarterly data, measures will be derived to reflect effective price changes over time. 
At the same time, a process of calculating repeat sales measures based on the logic described in 
Chapter 2 with reference to Bailey et al (1963) and Cass and Shiller (1989) will be delivered. This 
will enable the direct comparison between repeat sales based measures and point to point based 
measures and enable the strengths and weaknesses of both methods in relation to their 
effectiveness in capturing the performance of the UK office market(s) to be formally assessed. 
The statistical tests that are then applied to these price-change measures will determine whether 
they can be considered robust enough to be used to explain and interrogate specific UK office 
markets. Further statistical tests will confirm if the defined measures have addressed the issue of 
the autocorrelation that is apparent with appraisal-based indices. An additional test, which will be 
crucial to the success of the thesis, is the analysis of the ‘noise’ that will undoubtedly accompany 
the derived yield (price) change statistics. This may show up in excessive measures of negative 
autocorrelation or changing levels of dispersion on the average yield measure at various points in 
the cycle.   

In a sense, this methodology is utilising techniques that are already applied, frequently, in 
current, practical, real estate research i.e. the use of ranges and averages of transaction yields in 
a given market sector and how these change over time. The methodology of this thesis, 
however, is to subject some of these practical techniques to the level of scrutiny normal in the 
academic world to arrive at a solution which is both practical and robust.  

For professional investors targeting the UK office market, the standard investment process 
requires consent for the agreed price, both buyers and sellers, to pass before the deal is 
concluded. This consent contains a vetting process – usually conducted via peer review through 
an investment committee – where any major discount or premium to the prevailing rate of the 
market is justified and explained. A review of similar transactions relating to comparable 
market(s) is usually undertaken with a degree of informal knowledge as to who was bidding, the 
range of bids and a perspective knowledge of the rationale underpinning the transaction that 
extends beyond guesswork. When the market functions normally, therefore, the range of yields 
paid for a similar group of properties reflects the specific market at a particular point in the cycle.  

The literature covered in Chapter 2 relating to the development of transactions based measures 
produces a convincing argument that taking raw average yields reflecting different property 
samples from one quarter to another without any filtration or qualification and describing that as a 
pricing change would not make sense, theoretically or statistically. Taking such an approach 
would not produce a meaningful measure of how a market had changed. Chapters 4 and 5 
define rules for what constitutes a sufficient sample and what constitutes a manageable level of 
noise. Having constructed the database and demonstrated the statistical validity of the metrics 
constructed from that database, it is then reasonable to test the hypothesis that market 
movement information can be inferred from the transactions that take place for clearly defined 
homogeneous groups of office properties. Only by testing the distribution of prices across 
substantial periods of time that capture upswings and declines in the commercial property cycle 
will show whether this hypothesis is justifiable.    
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Working with measures such as weighted averages of price across a different group of properties 
presents some hurdles so a major part of the database construction process outlined in Chapter 
5 is to provide an insight into the homogeneity of sold assets within a category of office 
properties. The defined ‘category of UK office’ (CUKO) will be analysed to see whether any sharp 
changes that seem to indicate greater noise (and validate the argument of the requirement for 
repeat sales analysis or detailed hedonic modelling) can be explained. The definition of CUKO’s 
in Chapter 4 will also draw heavily on the literature that has explored the heavily skewed nature 
of the UK office market towards London and how that imbalance continues to  impact on the 
definition of categories that have driven research analysis in respect of the market as a whole.  

This methodology will also build upon the academic work done to date on commercial real estate 
return distributions, principally conducted in respect of appraisal based measures e.g. (Young et 
al, 2006) by examining whether prices actually paid fit a description of normal distributions and 
what are the implications for the modelling or statistical tests that follow. This has further 
consequences for the incorporation of the derived measures into optimisation modelling both 
within commercial property and at a multi-asset level.   

This research therefore tackles two major challenges for property research with reference to the 
UK. 

1. Smoothing bias of appraisal-based returns 
2. Determining limits of the application of repeat-sales transaction based measures in 

respect of the UK office market.  

It maintains the data received from individual transactions but does not require constant levels of 
quality or liquidity, a major theoretical issue in the development of transactions-based indices in 
the USA. Indeed, the whole research thesis is based on analysing the (UK) market in terms of 
the transactions that are ‘on the record’ so to speak. The methodology accepts there will be 
noise within the market at different points and suggests, frankly, that noise identified by variable 
performance measures actually provides, in itself, information signals that effective analysts and 
fund managers should be able to both explain and exploit.    

The ultimate objective of the thesis is to produce a straightforward and understandable 
methodology that proves at least as effective, if not superior, in defining appropriate weightings 
for portfolio optimisation and in identifying market turning points. One of the drivers for the 
research as in the failure of forecasting models constructed from appraisal-based data to 
effectively capture the GFC.  

Finally, the challenge of how to cope with periods when transactional evidence is extremely 
limited is addressed in Chapter 4. The combining of segments into broader categories can only 
do so much. Samples in different quarters can have completely different distributions and require 
careful interpretation. The statement that, ‘there is not a large enough sample to totally infer a 
statistically sound quarterly price movement under extreme market conditions but here is what 
the raw numbers show’ may prove less damaging than attempting to gloss over the issue by 
producing traditional appraisal based metrics. In extreme circumstances, these measures rely on 
and therefore reflect outdated information. The extent to which subjective judgement can be 
avoided in filtering the sample to remove ‘non-investment grade’ results is a particular issue.  

This methodology outlined will contribute to more effective deployment of investment capital into 
the market over the cycle and reduce the reliance on valuation-based models which will always 
be at a disadvantage to asset classes that benefit from frequently available and more transparent 
pricing information. It also makes more efficient use of the transactions data that is available in 
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comparison to both the repeat sales and full hedonic constant quality approached that have 
dominated the academic literature in this field up to the present time.    

3.6 Answering the research questions 
 

Can using transaction yields provide the basis for a methodology that produces 
reasonable risk and return metrics for UK office markets even when some of those  
markets record modest levels of activity?  

The existing literature does not offer any real guidance on constructing transactions-based 
metrics using the distribution of individual transactions within a given quarter as the focus has 
been on using pairs of repeat transactions and using advanced mathematical techniques. The 
papers published by Devaney and Diaz (2011) and Chegut et al (2013) suggest that statistical 
volatility on commercial property total returns as defined by the standard deviation increases by a 
magnitude of between 1.5 and 2. The Chegut et al (2013) paper also presents a range of auto-
correlations on transactions-based measures that the repeat sales modelling techniques 
pioneered originally in respect of the USA produced when applied to a time series of London 
office ‘repeat sales transactions.  

The response to this principal research question, therefore, is to create a new set of transactions-
based metrics. The database construction and creation of performance metrics is outlined in 
Chapter 4 with further statistical testing of the price change and synthetic total return measures 
explained in Chapter 5. To respond to the question of whether the measures produced are 
reasonable, Chapter 6 outlines a direct comparison between the individual market segment 
measures, as constructed in Chapter 5 with the most relevant IPD appraisal-based measures.  

The appraisal-based data, reflecting a quarterly frequency, available in respect of this thesis, 
covered the period Q1 2001-Q2 2018 enabling the comparison between the metrics to reflect a 
substantial period of time including the run-up to and aftermath of the GFC. Several statistical 
properties are compared including geometric average returns, standard deviation and 
autocorrelation. The relationship between the defined market sectors are also considered.  

In addressing the issue concerning the situation when markets are illiquid and produce modest 
levels of activity upon which to base transactions measures, there are no easily identifiable 
solutions. It is more relevant to be aware of the issue to manage the methodology as effectively 
as possible. Geltner and Pollakowski (2007) outlined the sample requirements in their creation of 
‘state of the art’ repeat-sales based transactions-based indices. The approach taken in respect of 
this thesis is to state that in most cases, the sample size is sufficient to generate a representative 
metric.  

In the odd instances where that is not the case, the individual transactions yields are outlined and 
the approach on what average measure taken is explained. The relationship between 
transactions and market sentiment is not necessarily linear as markets can size up when the 
outlook is bullish as all the major investors are looking to place further capital into the market and 
have no desire to take on the inherent reinvestment risk. The method utilises the limited data 
available and notes that inferring alternative statistics through adapting appraisals or running 
sophisticated modelling to produce a set of figures is just as susceptible to producing metrics that 
are prone to misinterpretation. 

The methodology utilised in this thesis can draw upon the analysis produced by Brown and 
Matysiak (2000) who stated that for offices, the vast majority of risk reduction could be achieved 
through investing in 10 assets i.e. the reduction in standard deviation for holding 10 offices was 
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33% compared to a 38% reduction in holding 100 assets. Given the segmentation of the 
database into three geographically defined markets as outlined in 2005, a reasonable working 
assumption is that the scale of diversification that can be achieved by holding a number of assets 
will be contained in an even smaller number in cases where the market refers to represents a 
homogeneous group of properties. Taken together, this passes a research version of the 
reasonableness test (formally defined in terms of contract law and accounting practices) although 
the efficacy of the measures themselves remain, of course, subject open to the interpretation of 
the individual analyst.      

Is the use of repeat sales essential in constructing transactions-based metrics? 

The literature review contained in Chapter 2 presented the existing perspective that repeat sales 
pairings were required to address the issue of inconsistent samples of properties being traded 
across consecutive quarters. The literature also noted some challenges with the application of 
repeat sales measures, including the issues of deprecation, the evolution of leasing terms and 
most notably in the degradation of the quarterly sample that the repeat sales technique involved 
as was illustrated graphically in Chegut et al (2013). The metrics created in Chapter 4, evaluated 
in Chapter 6 and applied in Chapter 7 are compared with equivalent measures based on repeat 
sales as constructed in section 5.3. The fundamental answer to the question of whether repeat 
sales are required to create robust, meaningful statistical measures for UK office markets is 
answered by the effectiveness and relevance of the measures created. The limit of what repeat-
sales measures can realistically contribute to the UK office market is also assessed.  

Can metrics based on point to point movements in average transaction yields deliver 
results that are sufficiently robust in a statistical sense? 

The construction of the transactions-based metrics is described in Chapter 4. The data 
undergoes stages of filtration to arrive at the finalised metrics. The filtration is conducted to 
create weighted average transaction yields at a defined market level that are not skewed by 
extreme transaction yields having an unrepresentative influence on the defined market yield(s). 
This is achieved by excluding a proportion of transactions yields from either end of the 
distribution on a quarterly basis. A further stage of filtration is then conducted to address the 
issue of domination whereby a handful of large transaction lot sizes could distort the final 
calculated measures. The filtration regimes adopted are designed for the individual market 
segments as what is appropriate in respect of London might not necessarily apply in other UK 
markets.  

The final transaction yield measures are calculated on a weighted basis in line with existing 
appraisal-based measures and the general market capitalisation approach used in respect of 
equity indices. The metrics are constructed from different levels of market liquidity as that reflects 
genuine market activity as it happened. After the filtration is completed, the finalised weighted 
average yield metrics are displayed, along with weighted average risk premiums reflecting both 
nominal and real gilt yields along with the filtered transaction volumes underpinning the sample.  

These results are then subjected to several statistical tests, primarily conducted utilising the 
SPSS statistical package. These include tests for normality, kurtosis and skewness over the 
study period with the statistical output covered and analysed in Chapter 5. The results produced 
here can be compared, favourably, with previous analysis conducted into the properties of UK 
commercial property measures – see Brown and Matysiak (1998) and Young et al (2006). The 
long-term impact of price changes on the average lot size over time is also presented. Where 
there are specific issues concerning the statistical properties of the constructed data in each 
market sector, an explanation is hypothesised, and a solution provided.  
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The analysis in Chapter 5 also explores the degree of stationarity in pricing suggested by the 
measures, following to a certain extent the literature summarised in respect of the risk premium 
in Chapter 2. In addition, the range of measures at a market segment level are contrasted with 
the alternative markets to ascertain whether there is a statistically different price or yield between 
the markets. This matter is of particular importance when considered over the longer term and 
with particular reference to the period before the GFC where the perception was that pricing 
margins between markets such as prime and secondary had narrowed to an unreasonable 
degree. Chapter 5 offers explicit statistical proof of this occurrence. In summary, there is a 
substantial pool of evidence to support the notion that effective statistics that are robust in a 
statistical sense, certainly in comparison to what is available in respect of the market at the 
present time. This is presented and summarised in Chapter 5.   

Is it possible to improve on the standard definition of segments in respect of the UK office 
market? 

The UK property industry has evolved over time to a significant degree, but several legacy issues 
continue to impact upon the definition of markets in the UK. There is limited literature in this area 
although Mitchell (2017) started to put some recent numbers on the size and structure of the UK 
markets. A significant part of the challenge remains, to an extent, the long-term success in 
MSCI/IPD providing a product that satisfies much of its client base. The product has been able to 
capture some fundamental changes in the structure of the UK market such as the emergence 
and sustained popularity of retail warehouses, supermarkets and distribution warehouses.  

There have, however, been some challenges in the definition of office markets where three of the 
four traditional segment definitions refer explicitly to London or South East markets, even then 
throwing up anomalies where Canary Wharf is classified in the same segment definition as 
Croydon despite the obvious differences between the property stock and tenant base. The 
relegation of the remainder of the UK outside of the South East to a single Rest of UK segment 
had also produced concerns as to whether the categorisation of market segments remained 
appropriate. The discussion provided in Chapter 4 also highlights how some of the major 
property consultancies structure their research analysis in relation to the UK office market. 

Hamelink et al  (2000) explored this issue attempting to fuse clearly defined market sectors from 
a diffuse group of local markets across the UK. In respect of offices, they sought to test for 
homogeneous property groups by identifying disparate markets that produced a high level of 
correlation with other such markets to identify clusters. Their analysis was based on CBRE yield 
and rental data over the period 1970-1997 (quarterly data available from 1990) that was used to 
create a return series. This was based on the valuer’s perspective of pricing rather than proven 
transaction prices. The two optimal solutions presented suggested office groupings of three 
markets defined by a split between central London and South East markets and one catch-all 
other category.  

This thesis in using transactions prices also explores three CUKO’s, one based on London, 
another on the large city markets and the final one on the remaining assets including those 
located in the South East. This lends some support to the view that three to four segment 
definitions should capture the differentials in investment performance across the UK office sector 
even though the efficient portfolio diversification results presented in (Hamelink et al, 2000) are 
very different from the numbers presented in Chapter 7. 

Another strand of academic theory has gone in a different direction where the analysis of pricing 
metrics has been devolved to a smaller level, principally individual cities, in order to generate a 
model that can explain pricing relativities at a much more micro level. Specific examples include 
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(Dunse et al., 2007). The derivation of an individual market risk premium is contrary to the logic 
of the thesis which seeks to amalgamate markets in a spirit like (Hamelink et al, 2000). It is also 
notable that Dunse et al (2007) indicated that the impact of individual local market factors was 
likely to prove transient and macro-factors covering the broader market would determine 
performance over the longer term. The level of transactions within individual city markets is 
simply too small to support an extended grouping of separate market segments. Nevertheless, 
the appropriate codification of the UK office market, and commercial property market more 
generally remains an area where additional research is required. In respect of the segment 
definitions selected for this thesis, the justification for the three-market approach chosen is 
outlined in detail in Chapter 4.      

Does the adoption of transactions-based measures produced for the thesis have 
implications for portfolio modelling and risk analysis? 

As already outlined in Chapter 2, the academic literature in respect of creating and utilisation of 
transaction-based measures, particularly in terms of the USA stemmed to a great extent from the 
lack of credibility the use of appraisal based measures caused commercial property in their 
incorporation into multi-asset portfolio modelling. Put simply, the weighting suggested by the 
commercial property statistics were too large to be credible. These metrics suggested high 
returns coupled with reduced volatility in comparison to other asset classes, an apparently 
irresistible combination as illustrated in respect of the UK market at the start of Chapter 2. Whilst 
the debate in the UK has moved on and there is a substantial literature covering potential de-
smoothing measures that would alleviate the problem, the use of unsmoothed appraisal-based 
measures remains widespread, particularly in the teaching at graduate level in fundamental 
topics such as diversification. The natural answer to this research question, therefore, is yes. The 
adoption of transactions-based measures must produce different results for portfolio modelling 
both within the asset class and in the multi-asset optimisation space. The creation of appropriate 
risk metrics, whether they relate to volatility or risk adjusted performance measures such as the 
Sharpe ratio of tracking error are also fundamental applications of transactions-based measures.  

The success in the response to this research question, as outlined towards the end of Chapter 7, 
ultimately depends on the statistical validity of and utility of the segment definitions underpinning 
the transactions-based measures. These issues have been addressed by previous research 
questions explicitly. As demonstrated in Chapter 7, the correlation across CUKO’s using 
transaction-based measures is materially different from the Standard appraisal based MSCI 
segments. The answer to this research question, therefore, is a clear yes. 

3.7 Summary  
This chapter has outlined the motivation behind the design of the research for this thesis. It 
highlights how the use of metrics based on analysing the distribution of consecutive transaction 
yields could address some of the serious challenges faced by investment analysts in their 
attempts to interrogate the UK office market. It presents a methodology that is simplified, 
certainly in comparison to some of the mathematics now underpinning models used to de-
smooth valuation-based indices and is compared with the use of repeat-sales based transaction 
measures. The chapter then outlines several specific research questions that the thesis must 
address before describing a methodology that addresses all the individual research questions 
posed throughout the remainder of this thesis.  

The methodology relies on the accurate specification of separate categories and rigorous 
statistical analysis of the measures that are created. The validated metrics are then compared 
with existing measures utilised in the industry. This process is outlined in Chapters 4, 5 and 6. A 
number of practical applications of the metrics are contained in Chapter 7 with Chapter 8 
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summarising the research undertaken as whole and suggesting a number of areas for further 
research that could build on the results presented in previous chapters.           
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Chapter 4 Constructing database from transaction-based measures: UK offices 
 

4.1 Introduction 
This chapter outlines the steps taken at each stage in the creation of a database based on 
transactions-based measures. It summarises the characteristics of the data at various stages 
and describes in detail the filtration processes undertaken at relevant points to produce 
measures that are representative of the markets they are designed to reflect.  
 
The chapter starts by summarising the raw data and outlines the initial cleaning processes 
undertaken. That is followed by a detailed summary of the logic behind the definition of three 
separate market groupings or segments in relation to the UK office market. For the sake of clarity 
and simplicity, these three entities will be referred to throughout the remainder of the thesis as 
CUKO’s (Category of UK Offices).   
 
This is succeeded by a description of the rationale and impact of two further data cleaning 
processes that were undertaken to reduce the impact of extreme figures and the domination of 
weighted measures by large lot sizes. A discussion as to the challenges of creating measures 
where the sample size is limited is then followed by an exploration of average lot sizes that 
underpin the measures created over the study period. The formal statistical evaluation of the 
data measures produced is conducted in Chapters 5 and 6.   
 

4.2 Creating the database   

4.2.1 Property Data; Principal data source 

      
The underlying data utilised in respect of this thesis is based on recorded transactions. This data 
was sourced from the Investment Market© product operated by Property Data. The consent of 
Property Data has been obtained to use the data in this thesis. The Investment Market© product 
is an interactive tool that delivers transactions price data through a portal. The data was 
downloaded into spreadsheet form and then adapted and utilised through the processes outlined 
in this chapter. The Investment Market© product contains a few mapping and graphical options 
but none have been utilised in respect of this thesis. The product also contains details and 
profiles of the investors that are published in the Property Investors Directory©.   

Property Data itself was established in 1991. It started out by providing directories of the major 
commercial property investors, developers and house builders operating in respect of the UK 
market(s). This reflected a process where data reflecting individual transactions and 
developments was supplied by surveying firms (often labelled as agencies in the literature) with 
Property Data operating as a warehouse for the pooled data. This was quite similar in several 
respects to the circumstances that facilitated the foundation of IPD 1985. Property Data have 
published an ‘agency’ league table since 2000 reflecting the count and volume of concluded 
transactions. Their website suggests that the determination of the leading surveying firms at the 
time and since to be accurately reflected in this table helped expand database coverage. This 
enabled the collation of deals to be extended to sections of the market where previously, details 
had to a great extent, not been recorded in an accessible format.  These league tables continue 
to be published and the individual surveying firms remain the principal sources of data supplied 
to Property Data up to this day. 

Over the 1990s, the scale of data collection expanded and in 1999, the online database of 
commercial property transactions was launched. This database evolved into the Investment 
Market© product referred to above. Initially, the client base for the product was predominantly 



61 
 

based around the major surveying firms but over time, a wide range of institutional investors and 
property companies, listed and unlisted, along with some of the major developers became long-
standing clients.  

The client list stated on the Property Data website at 
https://www.propertydata.com/publications/IVOL/  emphasises the extent that Property Data is 
now accepted and utilised by the wider real estate community in the UK. The list of surveying 
firms includes CBRE, JLL, Savills, Cushman & Wakefield, Knight Frank, Colliers International, 
GVA, Lambert Smith Hampton, Allsop, BNP Paribas Real Estate, Deloitte Real Estate, Dron & 
Wright, Gerald Eve and others. In terms of institutional funds, clients include all the major UK 
players including Aberdeen Standard, Legal & General, Schroders, CBRE Global Investors, 
Aviva Investors, M&G Real Estate, Fidelity International and others that include REITS, 
developers and financial institutions such as RBS and HSBC.  

At the end of December 2018, the database had recorded, since January 1999, around 
43,500 separate UK investment transactions that represented a cumulative volume of £840 
billion. The client list and scale of the database lends weight to Property Data’s claim that they 
provide the ‘most comprehensive source of investment transaction available on the UK 
commercial property market’. Their co-operation arrangement with Real Capital Analytics6 (RCA) 
enables their data to be utilised by investors operating in markets beyond the UK. Their database 
is quoted and cited in a range of reports published by surveying houses and investment funds 
plus wider market sources such as the Estates Gazette, Property Week and Bloomberg.  
 
According to Keogh and Darcy (1994), agents were involved in 90% of UK property transactions. 
Given the growth of non-domestic investors since the turn of the millennium, particularly in 
respect of the London market, the position of agents and advisors remains critical in the 
processing of UK transactions even if the nature of the industry itself has changed with a wave of 
consolidations resulting in a small number of large, often global organisations, having a huge 
impact, particularly in terms of the larger lot size transactions. The author has direct experience 
of working within 2 advisory organisations, one now ranked within the top 3 in terms of 
transaction volumes (1 Jan 2020 – 10 September 2020) and another placed within the top 15. 
Both organisations have a standard process of submitting data directly to PropertyData using the 
net initial yield definition. The figures allocated are identical to figures circulated internally and 
communicated to the press in respect of deals. It should also be noted that of the top 10 agents 
by volume (YTD 2020), PropertyData cite 8 as direct data suppliers. The website also notes that 
42% of all transactions are supplied directly from agents with the remainder confirmed by 
alternative sources based on a network of contacts with the press and surveyors operating within 
the broader industry. Prices are confirmed by another source before being entered into the 
database.   

The author can also confirm that PropertyData’s stated client list captures a large proportion of 
the assets under management (AuM) held by major UK investment houses. For example, 
Trevillion et al (2018) produced a chart in Figure 1.1 (page 4) that broke down the UK AuM by 
vehicle structure. The total AuM of just 8 clients shown in this chart who are named PropertyData 
clients accounted for almost £130bn. Confidentiality rules involved in the collation of the IPF 
paper prevents these institutions from being named. Given the value of the MSCI appraisal- 
based Quarterly Index stood at circa £163bn at 31 December 2018, it is clear that PropertyData 
is perceived as being a credible and reliable source of data by a substantial proportion of the 
investment community that owns UK commercial real estate.  

 
6 As detailed in 1.2.4 and footnote 3 



62 
 

Another method for testing the representative nature of the PropertyData sample is to compare 
with any other data providers for commercial real estate transactions within the UK. As 
mentioned in Chapter 1, Real Capital Analytics is acknowledged as the global leader in this field 
and they have a direct partnership agreement with PropertyData. This again gives credibility to 
the sample. A potential alternative source of transactions data could be Property Market Analysis 
(PMA) who have collated data on UK property markets for decades. The focus of PMA’s 
business model, however, is geared to produce forecasting services at local or a UK level for 
clients who own real estate in the UK. The other principal product PMA is the PROMIS service 
which produces town level analysis across the retail, office and industrial sectors. The 
subscription prices reflect the proprietary value of the data and breadth of geographic coverage. 
There is no direct source for downloading headline transaction data at a UK level within PMA, so 
the data is not directly comparable with what is offered by PropertyData.  

CoStar (www.costar.com) is a company offering investment transaction data that includes the 
details provided by PropertyData and many more besides. CoStar also offers granular detail on 
leases and the ability to construct bespoke market analysis through GIS mapping. They provide 
many photos of the buildings involved in transactions. The scale of CoStar’s UK operation is of a 
completely different magnitude to PropertyData. This allows them to collect their own primary 
data and the resources to update their existing database in a timely fashion. They also hold most 
major UK agents and investors as clients and have a far greater reach into academia than the 
likes of PMA and Property Data. The range of services provided is reflected in the fees charged 
to professional clients.  

It is therefore reasonable to compare the scale of the investment transactions collated by CoStar 
along with what is compiled by PropertyData. Two markets were selected to use as comparisons 
over different sections of the study period. The headline figures are shown in Table 4.1 below.  

Table 4.1 Offices transaction volumes and count – PropertyData and CoStar 

 

Source: Author’s calculations based on PropertyData and CoStar databases 

The results are very interesting. For both London and Glasgow, PropertyData captures a higher, 
marginal in respect of Glasgow, level of transaction volumes over two different periods. On the 
other hand, CoStar reports a higher level of transactions, particularly in the case of Glasgow. 
Both providers are capturing portions of the market that the other is not. It is the hypothesis of the 
author that the greater resources of CoStar enable them to capture a lot of smaller transactions 
with many of a scale likely to produce limited interest amongst the larger institutional 
investors/companies. In Glasgow for example, CoStar reported 17 separate transactions in Q4 
2011 valued at a combined £3m reflecting an average price of £247k. Most of these properties 
will be of little interest to institutional investors but of crucial importance for surveyors requiring 
comparable evidence for valuations. It is, therefore, the view of the author that the information 
published by PropertyData is credible, particularly when operating from the perspective of the 
larger scale investors that dominate the AuM of the invested stock within the UK. To a certain 
extent, the limited capture of smaller properties by PropertyData takes care of a filtration stage 
that would need to be applied at some point within the data analysis.  

 

No, Transactions Transaction Volume (£bn) No Transactions Transaction Volume (£bn)
London (2000-08) 2987 93.114 4,652 77.716
Glasgow (2005-15) 183 2.806 762 2.613

Property Data CoStar
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Use of PropertyData’s transaction databases within the industry is therefore substantial. To date, 
however, there has been less use of the data produced by Property Data in academic literature 
although Jones et al  (2018) used it to analyse how pricing trends evolved in the run up to the 
GFC. Part of this lack of use will be down to inertia given the availability of what is seen as an 
acceptable alternative in the appraisal-based measures published by MSCI. Furthermore, the 
Monthly Index provided by MSCI extends back to 1987 enabling a far greater study period than 
can be produced by using the transactions-based measures published by Property Data. 
Nevertheless, the utilisation of Property Data’s transactions-based data, along with the likes of 
CoStar, is likely to increase in the future. Queries over the representative properties appraisal-
based measures hold in respect of some sections of the UK market were highlighted in Trevillion 
et al (2018). Furthermore, the natural expansion of the potential study period dating back to 
1999, plus concerns over the effectiveness of appraisal-based measures generally as 
summarised in Chapter 2 suggest that the use of Property Data’s transactions-based database 
will increase.  

4.2.2 Raw data and initial screening process 
The raw transactions data utilised covers the period from Q1 (January) 1999 to Q2 (June) 2018. 
Initially, the data included properties classified as office parks. The decision, however, has been 
to restrict the analysis to properties classified as standard office properties. This was to establish 
a homogeneous property type classification that would not be biased by the addition of office 
parks. Furthermore, there were insufficient office park transactions to generate a transactions-
based sample for office parks alone.  

The standard offices data covered a total of 14117 separate transactions that realised a 
combined sum of £337.6bn. The data also included significant details about each transaction. 
This included the address, albeit without a full postcode, defined UK nation/region, a summary 
property type (the standard office property classification captured several ‘mixed’ assets which 
had components of retail, industrial. leisure, etc.) and the date, to the month, of the transaction. 
The data then contained the price and initial yield of the transaction plus details of the purchaser 
and vendors segmented by investor type. There was often more than one party on either side of 
the transaction. 

Given that this thesis refers explicitly to asset pricing, an initial ‘Stage 1’ of data filtration was 
required to remove any assets that did not contain a yield measure. This reduced the total 
sample to 9437 assets with a cumulative price of £246.2bn. This is the sample used within the 
thesis to create all variables and metrics contained therein. There is therefore a substantial 
decline in the original sample when removing assets which do not contain a yield variable. There 
are a few reasons for assets not recording a yield variable. These included confidentiality 
restrictions and the trading of vacant sites plus new developments that have yet to be let. 
Nevertheless, the sample of almost 10,000 individual transaction prices represents a substantial 
source for the thesis to draw upon. In Chapter 5, repeat sales price change measures are 
produced on using the full sample of transaction prices as well as those where the requirement 
for a yield figure has been fulfilled. Comparing both sample at this stage provides evidence of the 
impact of the lower sample. 

In terms of how the cleaned database evolved, Figure 4.1 illustrates how transaction volumes 
and the number of individual assets has changed over time. It should be noted that the 2018 
measure represents the deals concluded in H1 only, so is not directly comparable with the other 
measures.  
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Figure 4.1 Annual transactions by volume and number 1999-2018 (post Stage 1 cleaning)      
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning  

 

The volumes are not adjusted for inflation or price movements. The impact of the GFC is clear to 
see. The rapid expansion in investment activity that occurred in the run up to 2007-08 declined 
by a factor of around 3 over the course of 2008, and recovery to comparable levels, without 
accounting for any measure of capital growth or inflation did not take place until 2013. According 
to the chart, overall activity has remained at a steady, elevated level since 2013.   

4.2.3 PropertyData captures a wide range of investors 
Another defining feature of the database is the ability to segment the data into the range of 
‘investor types’. This allows the analysis to capture and analyse a greater spread of market 
participants than would be available through analysis of the IPD/JLL/CBRE type indices. Those 
measures reflect, to a great extent, the activities of UK institutional investors, be they multi-asset 
managers or property specialists and some of the larger, usually listed, property companies. This 
database, however, captures a substantially wider section of the investment market, on a slightly 
different basis in comparison to CoStar. Importantly, it also captures the largest contributors to 
the MSCI database that is more widely used in academia. The database reflects, to a significant 
extent, the activities of smaller (unlisted) UK property companies and private investors who are 
major players in markets outside London where the institutional coverage is weaker. To give an 
illustration of this, Figure 4.2 shows the proportions of transaction deals for assets priced at 
£7.5m or less across the largest 11 city office markets outside London over the period 1999-H1 
2018. UK institutions and listed property companies, which represent the core of MSCI’s UK 
client base, only accounted for 14.3% of these transactions, far below the proportions covered by 
unlisted property companies and private investors who accounted for 41.3% and 20.6% 
respectively. The lower coverage of institutions as demonstrated has a material impact upon the 
representative properties of the IPD measures in relation to such markets.    
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Figure 4.2 Transactions <£7.5m by investor type – Major UK city markets 1999-H1 2018  
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

The database also captured the huge influence overseas investors have had on the UK market, 
particularly in relation to central London since the turn of the millennium. The database can 
differentiate between different strands of overseas investments e.g. if the money is sourced from 
Asia, the Middle East, continental Europe, North America or elsewhere.  

The headline trends are clear from Table 4.2. Overseas investors accounted for a much greater 
proportion of UK investment volumes over the study period than any other group of investors 
accounting for more than three times the volume of purchases concluded by UK institutional 
investors. This was even more apparent in relation to net investment in offices with overseas 
investors accounting for practically all the money injected into the market over the study period. 
UK institutions disinvested over the period as a whole as did UK listed property companies, 
although that statistic will be distorted, somewhat, by the disposal of developments constructed 
by those entities that would not have shown up in the purchase figures. Private investors were 
significant net investors in the early 2000’s but their activity appears to have tailed off in the 
aftermath of the GFC. PropertyData’s proven capture of non-domestic investors is therefore 
particularly important when analysing market movements over the study period.   

These statistics are somewhat skewed by the relative value and volume of transactions 
conducted in respect of London relative to the wider UK. This issue is discussed in greater detail 
later in this chapter.  

Please note that the filtration already undertaken in respect of requiring yields means that these 
numbers would not match published Property Data statistics.  
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Table 4.2 Offices transaction volumes by investor type 2000-2018 (post Stage 1 cleaning) 

  

Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning  

Database by Investor Type: 2000-H1 2018
UK Institutions UK Plc's (incl REITs)Private Property Co's Occupiers Private Investors Overseas Investors Other Total

Purchases
2000 1.18 0.68 0.56 0.00 0.13 0.91 0.07 3.54
2001 1.18 0.21 0.91 0.06 0.55 1.20 0.08 4.17
2002 1.15 0.33 1.33 0.13 1.01 2.62 0.15 6.72
2003 0.36 0.12 1.80 0.25 1.03 3.28 0.23 7.06
2004 1.67 0.52 1.57 0.36 1.10 3.69 0.50 9.40
2005 3.22 0.95 2.28 0.04 1.08 7.42 0.39 15.38
2006 4.83 1.17 2.28 0.04 1.44 6.32 0.34 16.43
2007 3.11 1.15 2.44 0.08 2.52 8.57 0.35 18.22
2008 0.33 0.07 1.48 0.31 0.59 3.44 0.05 6.27
2009 0.78 0.22 0.56 0.19 0.49 5.88 0.29 8.41
2010 2.42 0.66 0.78 0.07 0.71 5.63 0.17 10.44
2011 1.62 0.65 0.48 0.03 0.34 5.82 0.18 9.12
2012 1.30 0.46 1.19 0.50 0.40 8.45 0.13 12.42
2013 2.80 1.23 0.95 0.48 0.47 9.23 0.27 15.44
2014 4.30 0.73 0.87 0.27 0.63 10.74 0.15 17.71
2015 3.49 1.00 1.32 0.14 0.71 9.62 0.33 16.62
2016 1.10 0.48 1.27 0.40 0.49 8.88 0.46 13.09
2017 1.83 0.51 1.25 0.79 0.42 13.55 0.35 18.70

H1 2018 1.27 0.59 0.79 0.61 0.29 5.14 0.07 8.76
Total 37.96 11.74 24.10 4.72 14.43 120.38 4.57

Sales
2000 0.53 0.60 0.76 0.06 0.13 0.84 0.61 3.54
2001 1.26 0.66 0.99 0.24 0.21 0.72 0.09 4.17
2002 1.54 0.94 1.86 0.56 0.51 1.12 0.20 6.72
2003 2.89 0.73 0.96 0.32 0.27 1.67 0.22 7.06
2004 1.81 1.08 2.25 0.80 0.51 2.62 0.33 9.40
2005 2.19 1.63 3.02 0.88 1.39 5.58 0.69 15.38
2006 2.18 0.78 3.80 0.27 2.18 6.56 0.65 16.43
2007 3.76 1.34 2.62 2.37 1.98 4.10 2.05 18.22
2008 3.61 1.12 0.37 0.07 0.41 0.60 0.09 6.27
2009 3.23 2.30 0.93 0.95 0.32 0.46 0.21 8.41
2010 1.83 1.16 1.64 0.10 0.78 4.27 0.66 10.44
2011 2.29 0.30 1.61 0.21 0.34 3.33 1.04 9.12
2012 2.44 1.44 2.30 0.48 0.48 4.69 0.60 12.42
2013 3.30 1.46 2.19 0.41 0.37 6.67 1.05 15.44
2014 2.96 1.84 2.01 0.48 0.41 8.64 1.38 17.71
2015 3.10 1.54 3.11 0.50 0.70 6.91 0.76 16.62
2016 3.80 1.28 1.69 0.65 0.35 4.58 0.75 13.09
2017 3.94 4.32 1.28 0.93 0.75 7.22 0.26 18.70

H1 2018 1.60 1.48 0.68 0.41 0.16 4.28 0.15 8.76
Total 48.28 25.98 34.06 10.66 12.26 74.86 11.80

Net Investment
2000 0.65 0.08 -0.20 -0.06 0.00 0.07 -0.54 0.00
2001 -0.08 -0.45 -0.09 -0.18 0.33 0.48 0.00 0.01
2002 -0.38 -0.61 -0.53 -0.43 0.50 1.50 -0.04 0.00
2003 -2.53 -0.61 0.84 -0.07 0.76 1.60 0.01 0.00
2004 -0.14 -0.56 -0.68 -0.44 0.59 1.06 0.17 0.00
2005 1.03 -0.68 -0.74 -0.84 -0.31 1.84 -0.30 0.00
2006 2.65 0.39 -1.52 -0.23 -0.74 -0.24 -0.31 0.00
2007 -0.65 -0.19 -0.18 -2.30 0.54 4.48 -1.70 0.00
2008 -3.29 -1.05 1.11 0.24 0.18 2.84 -0.04 0.00
2009 -2.46 -2.08 -0.38 -0.76 0.17 5.42 0.08 0.00
2010 0.58 -0.50 -0.86 -0.02 -0.07 1.36 -0.49 0.00
2011 -0.67 0.35 -1.13 -0.18 0.00 2.48 -0.86 0.00
2012 -1.14 -0.99 -1.11 0.02 -0.08 3.76 -0.47 0.00
2013 -0.49 -0.23 -1.24 0.07 0.10 2.57 -0.78 0.00
2014 1.34 -1.11 -1.13 -0.20 0.23 2.10 -1.22 0.00
2015 0.39 -0.54 -1.79 -0.36 0.02 2.71 -0.43 0.00
2016 -2.70 -0.79 -0.41 -0.25 0.15 4.30 -0.29 0.00
2017 -2.11 -3.81 -0.03 -0.14 -0.33 6.33 0.09 0.00

H1 2018 -0.33 -0.89 0.12 0.20 0.13 0.86 -0.08 0.00
Total -10.32 -14.24 -9.96 -5.94 2.18 45.52 -7.23 0.01
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The measures in relation to UK institutional investors do not necessarily reflect their policy 
towards the broader commercial property market. This thesis considers the office market in detail 
and does not track the impact of changes and developments in other commercial property 
sectors, including new sectors evolving and establishing themselves. These factors will clearly 
have a substantial impact on the demand for office properties, but this thesis concentrates on 
interrogating the data available for standard offices only. Applying the study to the wider property 
market will be considered in the agenda for further research.  

Table 4.3 highlights the regional breakdown of the Stage 1 filtered data.  The metrics themselves 
i.e. the average yield and complimentary range measures are not used elsewhere in the analysis 
as the data required further cleaning before the measures could be calculated and formally 
tested.
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Table 4.3 Office transaction volumes by nation/region (post Stage 1 cleaning) 

 

Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning  

 

Total Transaction Volumes £m

Lon. City Rest Lon. Lon. West End South East East England East Mids North East Nor. Ireland North West Scotland South West Wales West Midlands Yorks/Hum Port Total

1999 1454.80 795.96 515.62 381.24 86.17 31.54 1.91 15.83 58.82 274.15 51.14 2.66 161.27 136.16 396.71 4363.98

2000 451.34 1304.45 608.12 462.07 72.39 2.70 13.72 92.40 355.60 69.72 42.79 71.36 96.64 787.21 4430.50

2001 983.11 937.52 831.88 394.24 77.36 13.62 16.64 0.70 258.47 228.31 195.11 28.61 125.38 89.30 452.74 4632.96

2002 2153.50 1012.19 1393.43 698.30 118.70 59.30 30.81 5.50 281.76 284.29 210.02 66.81 446.17 248.81 1618.90 8628.48

2003 2559.27 1277.20 1159.25 738.51 190.03 54.21 29.25 29.10 319.35 248.47 174.49 76.18 249.20 116.14 1313.19 8533.83

2004 3333.84 2158.69 1217.29 899.46 253.19 43.95 53.64 6.00 269.51 361.33 260.45 178.13 455.44 260.25 2389.78 12140.94

2005 5204.10 3796.89 3468.66 471.15 197.74 93.18 62.92 249.80 713.63 296.18 96.45 406.52 393.99 3673.72 19124.92

2006 6133.54 2877.81 2597.35 1033.95 326.92 87.13 32.39 8.38 599.06 1075.26 502.58 121.42 700.44 419.00 1836.76 18352.00

2007 5581.25 6380.48 2772.83 1209.22 136.25 42.94 214.85 39.98 401.74 665.09 302.44 115.30 315.07 242.75 1613.57 20033.76

2008 2600.88 1057.93 1173.06 267.04 91.59 11.70 19.26 282.74 298.62 117.43 45.14 230.28 69.87 502.45 6767.97

2009 2612.62 2256.43 1824.27 249.07 206.47 15.68 118.47 2.90 90.69 397.02 132.20 102.89 253.43 168.61 805.41 9236.14

2010 3144.48 2825.70 1985.11 468.59 93.33 24.63 112.05 8.75 361.20 514.75 137.33 78.68 454.27 271.11 255.40 10735.35

2011 3777.10 1815.14 1868.22 381.43 126.87 62.90 17.12 304.43 184.40 338.30 80.19 103.98 129.42 328.90 9518.39

2012 5921.02 2229.48 2861.29 392.37 56.92 30.39 3.30 132.52 376.53 125.84 44.25 176.55 78.59 901.65 13330.69

2013 5006.67 5951.82 2342.13 753.33 136.48 65.99 15.92 7.58 247.47 429.81 229.98 30.26 202.49 142.82 544.80 16107.54

2014 6572.34 5529.71 2249.64 862.26 108.22 10.18 95.31 8.70 867.34 451.09 272.49 54.22 442.48 254.37 2446.06 20224.39

2015 4925.11 3655.89 3604.84 1720.29 116.57 10.42 91.00 72.70 784.87 738.49 481.28 83.85 670.65 168.01 1082.50 18206.46

2016 4323.03 3585.19 2265.72 620.03 165.00 58.04 56.53 15.69 703.26 519.47 406.80 99.63 157.95 252.12 649.44 13877.90

2017 7078.72 4577.52 3181.50 715.45 157.03 47.20 49.30 7.64 814.00 658.25 539.71 314.89 550.88 131.23 305.70 19129.01

H1 2018 3614.85 2903.48 568.05 382.76 78.45 12.04 29.40 133.51 311.38 106.85 123.01 273.50 257.45 58.28 8852.98

Total 77431.55 56929.48 38488.24 13100.76 2795.67 777.72 1063.78 229.44 7252.92 9085.91 4950.33 1785.33 6447.29 3926.63 21963.14 246228.19
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The measures presented are striking. The three London markets accounted for 70% of all 
investment volumes over the period 1999-H1 2018. This increased to 77% when portfolio 
transactions were removed. Comparable figures for the combined South East and East England 
markets, reflecting a long-held view that South East markets are different from the wider UK, 
represented 6% and 7% of total volume respectively. The remainder of the data sample across 
the nations and remaining English regions accounted for 14% of all transaction volumes (16% 
when portfolios were excluded).  

4.3 Effective definitions of UK office markets - Category of UK Offices (CUKOs)  
Table 4.3 has shown how London markets have dominated the UK office market in terms of 
transaction volumes. This section explores some of the reasons behind why London has such a 
large proportion of the invested UK office stock as well as discussing some of the implications 
resulting from that long-term domination. It also questions whether some of the long-established 
categories of office markets – often labelled as segments - remain fit for purpose. The objective 
of this part of the thesis is to define a number of explicit ‘Category of UK office’ (CUKOs), 
capable of being combined with the transactions data available to produce measures that will 
enable analysts to interrogate the UK office market in a forensic and effective manner.  

4.3.1 London office markets compared with the wider UK: Literature  
The imbalance in the scale of investable office stock between London and the other UK nations 
and regions is a topic that has attracted significant attention and spurred a considerable amount 
of academic literature. This has reflected a combination of quantifying the imbalance and 
attempts and explaining or justifying the imbalance. The size and structure of the UK property 
market has been quantified through specific IPF reports. This was initiated by Key and Law 
(2005) with subsequent updates by Mitchell (2014), Mitchell (2017) and Key et al (2018). The 
studies sought to distinguish between total stock and investable stock. The two principal 
differences reflected the quantum of owner-occupied stock and space owned by government 
bodies and the wider public sector. The initial study (Key and Law, 2005) also compared the 
value of stock with the estimated floorspace contained within regional/national geographic 
boundaries.  

Throughout the various iterations of IPF analysis on the size and structure of UK commercial 
property markets, clear evidence was provided that illustrated the domination of London in 
respect of total market value was even more pronounced in respect of invested stock. In the 
2005 report, London accounted for just over 50% of total stock by value but only 26% of 
floorspace. In terms of the invested stock, London accounted for over 75% of the invested stock 
of standard offices, the vast majority concentrated in the central locations of the City and West 
End. The last update produced in December 2018 (Key et al, 2018) produced estimates for the 
end of 2017 that suggested less than 10% of the entire invested UK office stock was located 
outside London and the South East. Given the expansion of fringe markets such as Kings Cross 
and the Southbank that do not fall within the traditional City and West End market boundaries, 
along with Canary Wharf, it is reasonable to hypothesise that the 75% measure recorded in 2005 
is even greater now.  

Explaining the imbalance, however, has proved less straightforward than in defining the extent of 
the imbalance. The emergence of London as a global financial centre that competes against 
other global markets such as New York or Tokyo has been discussed in publications such as 
Burston and Burrell (2015) where the authors explicitly compared these markets. The wider 
property industry has continued to sell London as a global city attractive to investors from around 
the world. The fact that more than half of investment in central London offices was undertaken by 
overseas investors Mitchell (2017) and Key et al (2018) is the validation of this targeting. The 
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depth of the market and larger lot sizes available have long been cited as rational justifications 
for this occurrence as in Key and Law (2005).  

There has, however, been a strand of literature that suggests that considerations other than 
standard economic justifications might be contributing to the imbalance.  Henneberry and 
Mouzakis (2014) published an article which built on a substantial volume of previous analysis 
contained in (Honeyberry, 1999), (Rowley and Henneberry, 1999), (Henneberry and Rowley, 
2000) and (Guy and Henneberry, 2002). This area of literature argues that an inherent bias 
towards London reflects cultural and pragmatic/inherited issues such as the locational structure 
of major organisations within the property industry. This has inhibited the effective development 
of appropriate office space in alternative UK markets. Development in the non-London/South 
East region has suffered from the industry-wide focus in London. 
 
The historical evolution of the property market and its focus on London is captured in the writings 
of Scott (1996) and Healey and Nabarro (1990). Dunse et al (1998) illustrated how the fledgling 
indices provided by surveying firms that helped IPD gain momentum in the late 1980’s and early 
1990’s had a substantial bias towards central London markets. Henneberry and Mouzakis (2014) 
and Dunse et al (1998) also suggested that theories rooted in behavioural economics rather than 
investor rationality were potential explanations for the structure of and resulting investment 
performance delivered by the UK office market. When referring to appraisal-based data sourced 
from IPD, Henneberry and Mouzakis (2014) hypothesised that investors systemically over-priced 
London and South East office markets but under-priced other national/regional markets. This 
represented, in traditional economic theory, an irrational response, so the authors looked to 
psychological factors captured in the expanding field of behavioural economics theory for an 
explanation.  
 
Henneberry and Roberts (2008) and Henneberry et al (2008) stated that a determination to stick 
to the weightings of the IPD database contributed to the continued focus on London at the 
expense of other markets. Portfolio managers sought to elimate tracking error, concentrating on 
identifying individual assets that would help them outperform. The papers benefitted from the 
qualitative evidence produced by 25 UK based investment professionals who confimed the focus 
on familiar markets. The analysis on current benchmarking practices presented by Trevillion et al 
(2018) also addressed this qustion via a survey. In this publication, the results were more mixed7 
but it is clear that benchmark tracking continues to have a real influence on how UK investment 
portfolios are structured.  
 
The impact of investor bias in UK commercial property and challenge presented to the concept of 
investor rationality was also covered in detail by Byrne et al (2013). The authors, basing their 
analysis on a case study of 2003, calculated a range of location quotients8 reflecting institutional 

 
7 Many of the interviewees in strategic roles stated that they were not tied to or expected to track benchmark 
weightings. Large weighting boundaries of + or – 20% were referred to. Nevertheless, a version of the opinion 
that, ‘it is not something we do here, but we are sure many of our competitors are tracking benchmark 
weightings’ was expressed on several occasions.  
8 Location quotients are standardised ratio measures that compare a region or stated geographic entity to a 
larger reference region/area according to some characteristic or asset. In commercial property terms, central 
London, for example would have a high concentration of property servicing financial and business service 
compared to the wider UK. For further information, 
https://www.propertymetrics.com/blog/2018/02/19/location-quotient/ and 
https://www.bls.gov/oes/highlight_location_quotients.htm provide clear explanations and examples of the 
concept 
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holdings, based on number and capital value plus a measure relating to relevant employment 
sectors. The figures confirmed the views expressed by Hennenbury that institutions appeared to 
‘over-invest’ in London and the surrounding areas to an extent that was not consistent with 
rationality, particularly given the weaker investment perfomance derived from some of those 
heavily invested markets.  
 
The weighting bias towards London was even more striking in the commercial investment 
universe which stated the value of UK offices outside London and the South East as £20bn 
representing a mere 4% of the total invested stock. The fact that large portions of the market that 
include established office markets in major UK cities do not have comparable metrics with 
London markets cannot help but steer investors and investors towards London. Figure 4. 
illustrates the huge mismatch between standard office-based employment and the investment 
market as measured by MSCI capital values at December 2017.  

 

Figure 4.3 Proportion of invested stock vs office-based employment 
Source: MSCI Annual Property Index 2017 – All Assets, Detailed Property Type and Region ONS – Office based 
employed estimate covers total employees across Information & Communication, Finance & Insurance, Property, 
Professional, Scientific & Technical, Business Administration and Support Services, Public Admin 

https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/datasets/regionby
broadindustrygroupsicbusinessregisterandemploymentsurveybrestable4  

 
Presenting a conference paper in 1999, Rowley and Henneberry (1999) suggested the ‘London 
property nexus’ consisting of property advisors, institutional investors, investment and finance  
houses, banks and other consultants/intermediaries represented a series of connections/inter-
relationships and networks which concentrated power in London. Leyshon et al (1990) 
demonstrated that whilst there were tentative moves in the late 1980s amongst the major 
surveying practices to open offices into what were deemed as ‘provincial’ cities, the focus 
remained on London in terms of offices and employees. An agenda for further research may 
include the investigation on how consolidation in both institutional investors, finance houses and 
property intermediaries has concentrated activity within the nexus to an even greater extent. The 
comment in Henneberry and Mouzakis (2014) on p535 that ‘decisions regarding investment in 
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general – and property investment in particular – are made by a relatively small, long-
established, dominant network of portfolio managers and professional advisers and 
intermediaries based in London’ may prove more of an issue for the industry than ever before.  
 
The analysis produced by Henneberry and Mouzakis (2014) also suggested that a general 
familiarity, in the sense that investors were more comfortable in making decisions in relation to 
markets they were more experienced in, contributed to creating the lop-sided structure of the 
invested market. Referring to work in other asset classes, the authors suggested that non 
London/South East markets suffered from an ‘unfamiliarity risk premium’ being applied to 
required rates of return. The principal body of the study was based on prime rent and yield data 
sourced from CBRE. This data source could not represent the genuine choice of investments 
available. Nevertheless, the analysis contained within the study was structured in a manner that 
determined relativities in pricing. The authors hypothesised that external factors that should not 
relate to individual regional markets would impact on yields nevertheless. They concluded that 
the perspective of yields in London markets were essentially projected onto other markets. This 
thesis will comment in detail on the relationship between recorded transaction prices in London 
office markets relative to the wider UK.  
 
Heydenreich (2010) explored the potential benefits accruable from economic diversification in 
constructing a UK office portfolio. The author utilised categorised employment data sourced from 
Cambridge Econometrics along with performance data supplied by IPD, employing cluster 
analysis to identify groupings which could form the basis of an effective diversification strategy. 
The study covered the period 1981-2006. The data was constructed at the NUTS 2 classfication9 
in order to construct data at a level below the standard 12 national/regional classifications. IPD 
provided performance data in respect of 27 of the 37 NUTS-2 units. The paper concluded that a 
property investment strategy based upon the effective definition and categorisation of economic 
specialisms could improve investment performance. The study itself was restricted to office 
properties only so a more detailed exploration of property types relative to economic growth 
might have presented a more nuanced picture in respect of the relationship between property 
returns and concentrations of employment growth in certain areas of the economy. There also 
remains the issue of city centre office markets outside central London being captured within 
larger geographically defined categories as identified in the analysis.  
 

4.3.2 Defining market segments based on geography 
The bias towards London in terms of investment activity, particularly in terms of value, was 
particularly marked in the immediate aftermath of the GFC crisis as demonstrated in Figure 4.4. 
The crucial point for this thesis is that the data, to a great extent, determines the range of 
categories that can be crafted. The goal of the definition of segments was to create markets with 
a rational locational underpinning coupled with statistically different pricing levels that also 
contained a sufficient sample upon which to base those measures. Furthermore, it was decided 
to define these segments before subsequent levels of data filtration were applied to the metrics 
to improve their explanatory power.  

Jackson and White (2005) provided a clear definition in what should constitute the effective 
construction of market sub-groups or segments in stating, “Individual real estate markets are 
often grouped to provide a workable number of classes for investment strategy. The underlying 

 
9  NUTS 2 classifications are detailed at https://ec.europa.eu/eurostat/web/nuts/background with the UK 
categorisations displayed via   https://ec.europa.eu/eurostat/documents/345175/7451602/2016-NUTS-2-
map-UK.pdf. 
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reasoning behind any grouping of assets is to maximize heterogeneity between the groups and 
homogeneity within the groups.” (p308) This paper investigated the validity of the standard IPD 
segment definitions10  that continue to be used up to this day. This statement also captures a 
major concept essential in creating an effective repeat sales transaction-based measure.    

 

Figure 4.4 Proportion of total investment volumes by broad region (stage 1 filtration)    
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

The picture is more nuanced, however, when considering the number of individual transactions 
within the broad regional groupings as displayed in Figure 4.5. The count of transactions is 
particularly important as that variable creates the range and distributions upon which any 
aggregated metrics are based.   

 

 

 

 
10 The standard IPD market segment definitions reflect four retail categories of Standard Shops South East 
(including London, South East England and East England), Rest of UK Standard shops, Shopping Centres and 
Retail Warehouses. There are two industrial categories - South East Industrials (again including London, South 
East England and East England) and Rest of UK Industrials. For offices, there is a City of London definition 
reflecting the traditional City of London boundary, a West End/Mid Town definition which captures the market 
north of the river extending from the City boundary to capture Mid-Town, Victoria/Westminster, Mayfair/St 
James’s, Fitzrovia/Bloomsbury and North of Oxford Street and Soho/Covent Garden, a Rest of London and 
South East Offices definition (capturing the remainder of London (including Canary Wharf and Southbank), 
South East and East England) plus a Rest of UK Offices category which caught every other office property . 
Office parks were included in these categories. There was also another ‘Other’ category that captured other 
property types falling outside the main three categorisations. These included Healthcare, Hotels, Residential, 
etc.    
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Figure 4.5 Proportion of total investment transactions by broad region (stage 1 filtration)   
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

In terms of the number of individual transactions, the market is much more evenly balanced with 
non-London/South East England properties now accounting for 37% of all transactions over the 
study period (excluding portfolio deals) whilst London fell to 43% and the South East/East 
England proportion increased to 20%. The greater dispersion of individual transaction deals 
within the broader regional definitions should offer greater scope to construct a database and test 
a range of homogeneous categories of office properties to sit within that database.  

The disparity in the charts presented in Figure 4.4 and Figure 4.5 can be explained to a 
significant extent by the difference in average transaction prices (the term average lot size if 
often applied in a similar context) across the different markets. This is illustrated in Figure 4.6.  

When considering average lot sizes, London is on a completely different scale to the remainder 
of the UK market. The higher prices inevitably reflect the higher rental values – the top building in 
London’s West End costs 3-4 times more to rent than the top building in Edinburgh/Manchester. 
There is, however, the challenge of huge individual deals distorting the average lot size of the 
broader market (and any metrics created from the related data). For example, London database 
volumes in 2007 reflected an average transaction price of £61.7m based on £17.73bn worth of 
transactions spread across 239 assets. If the top 10 transactions were excluded, the average 
price fell to £39.3m. In respect of 2017, the comparable measures for London showed a drop in 
average transaction price from an unprecedented figure more than £100m (£103m) to £70.5m 
when the top 10 transactions were removed from the figures. This highlights some of the 
challenges of using full, weighted metrics in respect of London.  
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Figure 4.6 Average transaction prices by broad region 1999-H1 2018                  
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

The ingrained feature of higher average transaction prices in relation to London also provides a 
clear economic justification for the property industry, implicit in the analysis of Rowley and 
Henneberry (1999) and Henneberry and Rowley (2000) that has been referred to. This states 
that the property industry, in consideration of investment houses themselves, advisors or other 
support services, e.g. legal service providers, basing themselves in and concentrating on the 
London markets makes economic sense as the potential earnings, in terms of commissions 
related to transaction size and assets under management (AuM) are so much greater. Statistical 
evidence for the concentration of large surveying practices which evolved into the major property 
consultancies was provided in Leyshon et al (1990). That study also noted the greater 
concentration of agency offices in the wider South East of England in comparison to the broader 
UK. A survey conducted in 1997 by the then Jones Lang Wootton (Jones Lang Wootton, 1997) 
described some of the attempts by major institutions to move into a broader range of location 
around the UK.  
 
At this stage, transactions that related specifically to portfolios were removed from the analysis 
before the individual market segments could be defined. It was deemed that the yield provided 
would reflect an average figure spread across the assets contained in the portfolio and could not 
be incorporated into the distribution of individual prices. This reduced the overall sample by a 
modest amount to 9052 properties with a combined investment volume of £221.858bn.   

4.3.3 London sub-markets: Literature 
London office properties are of a different scale and constitute, in a value sense, most of the 
investable office property across the UK. The next issue to be addressed was whether there was 
a sufficient sample size to break-down London transaction prices into smaller categories. There 
is a long tradition within the industry of considering the City and West End office markets to be 
separate entities. The definition of separate markets within central London has been 
commonplace in the industry since before the likes of IPD and PMA were established in the mid 
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to late 1980’s. Most major surveying firms/consultancies have had separate City and West End 
office presences for decades. This is reflected in market literature and the IPF’s Consensus 
Forecasts publication. 

The evolution of office and broader commercial markets in central London is summarised in Scott 
(1996) and Healey and Nabarro (1990). The London ‘City’ market boundary has been clearly 
defined for a long period of time, reflecting the boundaries of the City of London11. This definition 
is generally referred to as ‘The Square Mile’ and the boundaries effectively constitute the original 
settlement categorised as London that dates back millennia. In terms of the office market, the 
expansion of the City market came in several stages, often related to the fundamental 
transformation in requirements of the surrounding economy.  

The development of the first Royal Exchange in the 16th century was supplemented by the later 
growth of financial entities growing up in the same area following the establishment of the Bank 
of England in the late 17th century. The original book written by Mason (1920) explores the 
evolution of how this specific area evolved over time. Scott (1996) also discusses how the City 
market expanded in the late 19th century and started to attract commercial investment and 
development. This book also captured the challenges faced by the City market in the post WWII 
era, an era also covered by Barras (1984). The principal feature of the City of London nowadays 
is the small number of people that live within its boundaries in comparison to the office 
accommodation that exists there. It operates, essentially, as a destination for a commuting 
workforce.  

The West End constitutes a much larger and diverse entity. Most office accommodation is 
captured within the boundaries of Westminster City council. Unlike the City, however, the 
Westminster borough continues to support a substantial residential population, particularly 
towards its western boundary. This is concentrated in wards such as Bayswater, Knightsbridge 
and Belgravia, Queens Park, Westbourne and Harrow Road. The commercial office market is of 
much greater significance in Mayfair, St James’s, Soho and Victoria. (Eade, 2000), amongst 
others, outlines the growth of the West End as an entity over the 19th and 20th centuries and 
captures the population shift from central areas such as Soho that became more heavily 
commercial in nature.  

A great deal of analysis in both academic and professional contexts has been concentrated on 
explaining how changes in rent, seen as the pricing metric for an occupier within London, have 
been determined by medium- to long-term changes in availability of accommodation. This is seen 
as the supply variable. In this context, the concept of multiple centres, often referred to as 
polycentricity, was explored in respect of London by Jones (2013) and addressed in respect of 
continental European office markets by Atkinson and Rossignolo (2008).  

Given the time taken for developed and refurbished properties to arrive on the market, reflecting 
requirements for meeting planning processes and construction itself, supply is considered fixed 
or stable in the short term. A vacancy rate metric, relating to prime, Grade A or other definition 
such as a market average, is often used as a proxy for capturing the relationship between these 
underlying dynamics. It is the determination of the elasticity of supply as discussed in Barras 
(1994) and Jones and Orr (1999) that continues to lie at the heart of many rental growth models 
constructed in respect of office markets.  This contains specific reference to central London 
markets which, as already noted in this chapter, constitute most of the invested office stock 
across the UK.  

 
11 as defined by https://www.cityoflondon.gov.uk/about-the-city/about-us/Pages/default.aspx 
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A closer inspection of the appraisal-based indices, however, suggests that there does not appear 
to be permanent pricing relationship between the City and West End markets even though the 
relativities in the relationship between both markets can last for extended periods of time. The 
charts contained in Figure 4.7 illustrate the relationship between initial and equivalent yields12 for 
City and West End offices over the period 1981-2017 based on the December valued MSCI 
Index, the largest sample over the longest period that MSCI publishes and the longest period 
over which this thesis has access to.   

 

Figure 4.7 Central London valuation yields: 1981-2017               
Source: MSCI Annual Property Index December 2017 

What the data presented in Figure 4.7 shows is that there has been quite a significant change in 
pricing between the two markets over the last decade with West End yields now valued at 
significantly lower levels (i.e. higher prices) than their City counterparts. Nevertheless, recent 
history has shown that at various times, the City market was priced with lower yields than the 
West End and that for an extended period from the mid-1990s to the top of the market prior to 
the onset of the GFC in 2007/2008, there was nothing to choose between the two markets, 
particularly in relation to the equivalent yield measure. The working assumption, therefore, is that 
the City and West End markets could be combined to produce a greater sample without running 
the risk of recording a blended market average measure that joined together markets that 
fundamentally reflected different scales of pricing.  

The London office development cycle was explored as far back as Barras (1984). In this article, 
the author suggested with compelling logic that challenging London office markets reflected 
periods when the demand and supply drivers referred to above moved ‘out of phase’ with each 
other, precipitating substantial falls in price (rental values). He also noted the expansion in office-
based employment relative to a comparable decline in the production sector having a particular 
impact on London and the wider South East markets. This paper also considered that the 
emergence of London as a leading financial centre in Europe was supported by lower labour 
costs. The paper, reflecting the time it was written, suggested that improvements in technology, 
specifically, computers would impact in a negative sense on office-based employment although 

 
12 The MSCI definitions of initial yield and equivalent yield that are portrayed in Figure 4.7 can be found in 
pages 16 and 17 of the MSCI document IPD Indexes and Benchmark Methodology Guide accessed from 
https://www.msci.com/documents/1296102/1378010/Indexes+and+Benchmark+Methodology+Guide.pdf/bfb
d2637-581d-411e-bd5f-34d0d2b6b9c1. This is not universal definition of property yields, particularly in respect 
of the equivalent yield. Baum and Crosby (1995) provide clear examples of the calculation of initial, equivalent 
and reversionary yields for a range of properties  
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subsequent events would show the opposite was true. It is also unfortunate that the paper 
suggested London was over supplied with space just before the implementation of Big Bang’ was 
to have such a transformative impact on financial and business services and occupational 
demand for space. The paper also noted the first phase of development post WWII occurred in 
bomb-damaged central City core locations before spreading over a wider area. Further reference 
to a rental cycle was made by Key et al (1994). Barras updated his analysis of the London City 
office market in Barras (2005), refining a heavily quantitative model to capture non-linear 
relationships between occupational demand, development lags and construction delays.    

Focussing on the City of London office market, Hendershott et al (1999) constructed a model that 
determined the substantial volatility in rents, yields and vacancy rates recorded over the period 
1985-1996. The study finds that the explanatory power of the model linking real effective rents to 
vacancy rates was boosted by the inclusion of two exogenous variables in employment growth, 
as per Wheaton et al. (1997) and shifts in real interest rates.   
 
A mathematical model that attributed individual property returns to separate variables reflecting 
national factors, sector factors, regional factors and a disturbance term for individual properties 
was constructed by Andrew et al (2003). Their analysis in respect of the regional factors 
calculated for central London offices suggested that the three categorisations of City, Mid Town 
and West End could be classed as ‘property regions in their own right’ p19. This was in 
accordance with the analysis produced in Hamelink et al (2000). Stevenson (2007) published 
analysis, using both long run level models and, echoing Hendershott et al (2002), error correction 
modes. This was to construct rental growth models using data from the period 1990-2004 on the 
four separate submarkets of City, MidTown, West End and Docklands. The model produced 
limited statistical significance in respect of the City market and the prime rental statistics in 
respect of the West End appeared less sensitive to fundamental drivers than other markets 
although the prime West End figures used represented a small part of the market. 
 
The literature to date has therefore identified London markets which are considered distinctive 
although with a heavy bias in the literature towards the City market. The analysis of the rental 
cycle in the City market has been the focus of a substantial number of publications, perhaps 
because it is seen as a clearly defined market with straightforward boundaries and a 
homogeneous tenancy base. Producing similar analysis in a much wider, diffuse market such as 
the West End, with its plethora of hotspots and sub-markets reflecting its polycentricity, has 
proven far more limited, particularly prior to the turn of the millennium.  
 

4.3.4 London sub-markets: old classifications no longer reflect the market 
The structure of the central London office market has, however, been transformed since the turn 
of the millennium. This is not merely a reference to the emergence of areas previously 
considered as fringe locations such as Southbank, Shoreditch, Paddington and Kings Cross or 
the deeper integration of Canary Wharf, a major feature of the central London landscape since 
the 1990s as discussed by Scott (1996) and Jones (2013). The scale of investment by non-UK 
investors as previously referred to has also played a major part. Put simply, the central London 
office market examined by Andrew et al (2003) when considered under the standard IPD 
classifications no longer exists.  

Figure 4.8 shows the fundamental decline in a relative sense of the area classified as the City of 
London in comparison to the standard definition of the West End market. The proportions 
illustrated in Figure 4.8 are based on year-end capital values recorded by the MSCI Annual 
Property Index. The valuation-based measures are used to demonstrate that the underlying 
properties contributing to the IPD benchmark statistics that remain at the heart of the investment 
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process have changed to a substantial degree. The City market, since the start of IPD’s detailed 
data coverage in 1981 up to the mid-point of the 2000’s accounted for around 50% of the 
combined City/Midtown and West End sample as reported by IPD. From that point, the West End 
has captured, up until around 2014-15, an ever-increasing proportion of the market used in 
industry benchmarks and throughout real estate research analysis.      

 

Figure 4.8 Proportion (% year end capital value): Central London Office Market 1981-2018  
Source: MSCI UK Annual Property Index, December 2018 

The IPD net investment measures confirm that both the City and West End markets saw major 
selloffs by IPD subscribers in 2008 and 2009. They also, somewhat paradoxically, illustrate 
greater net investment in the City as compared to the West End, over the period 2010-2014, 
reinforcing the point that the structure of the central London market towards a greater proportion 
being located within the traditional West End segment definition10.  

The suggestion in Hamelink et al (2000) and Andrew et al (2003) that greater diversification 
gains could be sought from within central London markets may well have been reflecting a 
unique set of circumstances at the time and the study period covered i.e. 1981-2001. Chapter 2 
has already addressed many of the limitations of appraisal-based data, but such data 
represented the source for (Andrew et al., 2003). Figure 4.9 illustrates the correlation in 
appraisal-based capital growth measured over rolling 5-year periods between City offices and 
West End offices. The reduction in the correlation coefficient in the run-up to 2001, reflecting the 
magnitude of change rather than direction of movement can be seen with hindsight to have 
produced a material impact on the findings of this paper. The coefficient remained at over 0.93 
from the period 2004 to the final data point of 2014, suggesting limited scope for diversification.  

Another demonstration of how the structure of London submarkets changed fundamentally since 
the turn of the millennium can be ascertained by viewing the transformation of average capital 
values as reported in Figure 4.10. The impact of capital growth has been stripped out to present 
the trend of change in constant terms that are not affected by market movements. Since the 
inception of detailed IPD data in 1981, City office average capital values tended to be 
significantly larger than comparable buildings in the West End market, often more than double 
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the value. This fact makes a case that investment is being undertaken in an essentially different 
product and this should provide a range of opportunities for diversification. Since the GFC, 
however, the values of property traded in the City has converged, in a rapid sense, with the 
properties traded in the alternative markets of West End and Mid-Town. By December 2014 for 
example, the gap between the average property values in the City relative to the West End had 
narrowed to 26%. For means of comparison, the equivalent statistic at the end of 2005 was 96%. 
The convergence in the scale of property available to be bought, by definition, again reduces the 
extent of opportunities for diversification benefits based on traditional segment definitions. It is 
acknowledged that tis gap had started to increase again by the end of the study period.  

It must be acknowledged, however, that at the end of the period that data from MSCI is available, 
a major change has taken place in the relationship between the average capital values across 
the three different locations. It is the contention of this thesis that the rapid rise of average capital 
prices in Midtown particularly, as well as the City, reflect underlying issues in the capture of 
recently completed/refurbished large assets by MSCI rather than a genuine market 
transformation as referred to above. Figure 4.11 shows the numbers of properties recorded 
across the three markets whilst Figure 4.12 tracks the proportion.      

 

Figure 4.9 City and West End rolling 5-year capital growth correlations: 1985-2017       
Source: MSCI Annual Property Index December 2017 
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Figure 4.10 Average capital values: London offices, 1981-2018        
Source: MSCI Annual Property Index December 2017 

 

Figure 4.10 Number of Central London offices in MSCI database – year-end 1981-2018         
Source: MSCI UK Annual Property Index, December 2018 

All three sub-markets have recorded a sharp fall since, essentially, the end of the GFC but for the 
City and Mid-Town, the impact from starting from a lower base is much greater as shown in 
Figure 4.12. 
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Figure 4.12 Proportion of Central London offices in MSCI database – year-end 1981-2018         
Source: MSCI UK Annual Property Index, December 2018 

Finally, due to MSCI confidentiality rules, there is no way to determine the impact of large 
properties in respect of the database. The increase of the average Mid-Town office property from 
£16.5m in December 2010 to £50.3m in December 2018 cannot be attributed solely to market 
movements and Trevillion et al (2018) picked up some concerns on the degradation of the 
central London office market sample captured by MSCI.  

There remains a strong case, however, that the central London markets have evolved in a 
manner that render traditional definitions of boundaries between the City and West End, from an 
investors’ perspective, less relevant. The working hypothesis of this thesis, having reviewed the 
literature summarised and analysed the MSCI database up to December 2018, is that the central 
London market is essentially more homogenous than proved the case before the millennium. The 
reason is partly that City and West End markets, along with Mid-Town, are now being targeted by 
similar categories of tenants as the following paragraph explains.  

The City market, traditionally, and as covered in the literature, reflected demand from financial 
services, particularly banks plus ancillary services. Hendershott et al (1999) quoted a statistic 
sourced from the Corporation of London that in 1989, 75% of all jobs in the City of London were 
in banking and insurance. The categorisation of tenant demand displayed in (CBRE, 2018: Q3) 
emphasises the point that this no longer applies. City markets are now being considered by 
creative industries and business services to a similar extent as the West End whilst the West End 
itself is now a preferred location for many organisations from the financial sector (27% of take-up 
vs 34% for the City as quoted in the same CBRE publication).  

The implication is that where markets have changed fundamentally, such as the City of London 
as outlined, a single linear relationship covering the period from 1981 to the present time cannot 
be an effective method for quantifying anticipated market trends for the future. The conclusion is 
that the industry needs to re-examine some of the market categorisations relating to London 
markets that have been in place for a long period of time.   
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The decision in respect of the thesis was made, therefore, to create a single London wide 
transactions-based pricing metric. This was taken allowing for the demonstrable dominance that 
London had in terms of investment volumes.  

This decision produces a broad market estimate of the measure of London pricing and the 
decisions on most effective, relevant sub-markets in which to invest in London is left to the 
discretion of the manager to select as described above. This will be reflected in a deviation from 
the average market measure produced, with below average yields in the distribution, 
theoretically, reflecting a more defensive position that reflects, as viewed through subjective 
judgement, in higher quality assets with superior leasing terms placed in stronger locations with 
better rental value growth prospects.  

The opposite would be true for a manager electing to target assets with higher yields relative to 
the defined average.  These will prove to be different sub-markets at different times in the cycle. 
For different reasons, therefore, the thesis will construct a measure that is similar in terms of 
definition to the London Commercial Property Price Index created in Chegut et al (2013). This 
was based on the data restricting repeat sales methodology (debate covered in the literature 
review on transactions-based measures). The authors concluded that even though their original 
intention was to break down their analysis into sub-market indices, the repeat sales methodology 
ensured that the data was not sufficient to break down to any greater detail than London but that 
this was an area for further research. 

This working assumption of joining London markets together does not mean to deny that at 
times, reflecting differential responses to the relationship between availability, pipeline and 
employment growth, there may not be demonstrable differences between central London office 
markets. Clusters of related occupational demand and hotspots will continue to form, accelerate 
and stabilise as they have done previously. It is noted that the recent work of Crosby et al (2016) 
tried to quantify pricing differentials utilising transactions-based measures in smaller submarkets 
e.g., Soho, Victoria, and Kings Cross but found the impact of local sub-markets somewhat 
limited. Analysis at this level, however, is based on a longstanding perception of central London 
markets reflected a collection of separate ‘villages’ which appeal to different elements of 
London’s diverse economy and tenant base. Investigation of submarkets at this level continues 
to represent a useful perspective in setting investment strategy, in terms of setting overall 
portfolio structure and, even more relevant, establishing effective acquisition or disposal 
strategies for individual assets beyond a broad ‘West End’ definition.  

4.3.5 Outside London: Literature 
The next step considered non-London markets. In terms of the thesis, organising the UK office 
market into a plausible number of categories makes sense and that number would be no more 
than 3-4, given the decision already made in respect of London.  
 
Traditionally, the South East has been considered as a separate market from the wider UK. 
Behind many London walls, the UK outside the South East has been considered as ‘the 
provincial market(s)’. This is reflected in the original IPD segment definitions of South East 
offices and in how many of the larger property consultancies are structured. This contributes, 
directly, to how they portray, research and report on UK markets. For example, Jones Lang 
LaSalle, BNP Paribas and Lambert Smith Hampton publish research reports and market 
statistics specifically in relation to the Thames Valley office market. Savills publish on the Greater 
London and South East Office markets whilst Colliers and CBRE refer to the Thames Valley, 
West London and North/South M25 markets located in the main to the west of London. The 
influence that market reports have on the wider property market in terms of definitions and 
perceptions should not be underestimated. The decision made here to test whether it might be 
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possible and correct to try and integrate South East transaction prices along with the wider UK 
therefore goes against a substantial amount of long-established professional practice.  

The relevant academic literature for this section tended to concentrate on two themes. One 
theme reflected analysis that used a range of techniques that attempted to attribute and explain 
the performance of individual markets, sometimes with specific case studies. The relevance for 
the thesis lies in how individual markets might be defined. The second strand focussed in the 
main on having defined individual markets, on utilising mathematical clustering techniques to 
group together disparate property markets that exhibit common characteristics be they in make-
up, structure or performance in order to define effective segments. Such a defined cluster would, 
ideally, fulfil the criteria already summarised in Jackson and White (2005). Much of the literature 
in this area concentrates on property type. This thesis is focussed on one specific property type 
i.e. offices so literature that emphasises property type as the primary driver of clustering is not 
referred to in any significant detail.  
 
In terms of exploring analysis relating to the definition of individual markets with a specific focus 
on offices, Gardiner and Henneberry (1988) constructed a model based on a study period of 
1977-1984 in order to determine changes in regional UK office rents through utilising GDP and 
floorspace statistics to proxy demand and supply variables. Their analysis of the then Healey and 
Baker rental data suggested reasonable explanatory power for rents in regions where the 
economy and employment had been expanding. The statistical power of the model was weaker 
when considering regions that had experienced decline. This was followed up by Gardiner and 
Henneberry (1991) who described a model reflecting an anticipated level of demand rather than 
a stated or current level of demand. The paper showed that this model produced statistically 
significant estimates of rental values in declining regions.  
 
Barras (1994) was one of the early writers who linked property market cycles in the UK to wider 
economic cycles, the impacts of which could be considered to have short (4-5) years or longer-
term consequences. This paper also outlined a clear argument for stating that volatility in 
property rents moving sharply higher or lower was a consequence of the timing of the supply 
response to changes in occupier demand the business cycle.  
 
Moving outside the UK, Grenadier (1995) explored 20 US major city office markets using with a 
study period reflecting 30 years of data. The author suggested that vacancy rates in the 20 local 
markets were determined, to a great extent, by local factors relating to supply/demand 
imbalances and zoning (planning) statutes. They also suggested that unexpected macro-
economic shocks move vacancy rates away from locally determined equilibrium levels and these 
movements could persist for substantial periods of time. An interesting finding was that the range 
of ‘natural’ vacancy rates in cities was wide although it is not surprising that the global market of 
New York recorded the lowest level.  
 
Jones (1995) produced a paper concentrating on the drivers of demand for space in UK office 
markets. This paper explicitly focussed on explaining the drivers within individual markets rather 
than comparing across markets. It noted the challenges in defining plausible measures of 
demand at a sub-national level given concerns over data quality/availability in measuring GDP 
and in how headline employment numbers could mask structural changes in occupational 
density. The paper presented Paisley as an office market case study and explored the 
relationship between take-up in the market with the tenants/business sectors involved with the 
market. The paper suggested that analysis of individual office markets should be conducted at an 
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urban level although the data issues that needed to be overcome to achieve this would be 
prohibitive.  
 
An exploration of how rental value trends across the three major sectors of retail, office and 
industrial properties was presented in Jones and Orr (1999). This paper noted the fundamental 
transformation in the UK economy from a manufacturing bias to a decline in manufacturing set 
against a large increase in services-based employment. This transformation was severe on cities 
or regions which had relied to the greatest extent on manufacturing. The paper also categorised 
office centres into groupings defined as to whether they were slow- or fast-growing and whether 
their economic function could be classed as core or sub-dominant. There was another 
categorisation as to whether local economic circumstances such as oil in Aberdeen or education 
in the likes of Cambridge could sustain an office market. The study period covered 1977-94 and 
the paper explored the impact of supply constraints on rental values. In respect of office markets, 
the model results concluded that persistent local effects going against national trends were 
limited in respect of the office market.  
 
This analysis was extended by Jones and Orr (2004). This paper specifically analysed 30 UK 
office markets, utilising a range of mathematical techniques to try and deconstruct the variance of 
prime rental movements occurring over the study period 1977-1998. The variance in rental 
values was to be attributed between local and national factors. The principal finding in the paper 
stated the importance of national cyclical factors explaining a substantial degree of the variance 
in local market rental changes.  
 
In terms of defining the most appropriate definition of individual market segments, the 
identification of clusters where separate markets display similar characteristics has a substantial 
volume of academic literature. One of the early detailed papers was written by (Hoesli et al, 
1997) where the authors utilised prime rent and prime yield data covering 156 sub-markets 
across the UK covering the period 1977-95. This was aimed at deriving real-estate orientated 
definitions for clusters of properties rather than straightforward geographical boundaries as 
defined in large part by government administration and presented the issue of spatial distrortion 
as expressed by Dunse et al (1998). The paper concluded by suggesting that for offices, as well 
as other commerical sectors, a three-way regional split based on central London, outer London 
and the area surrounding London including East England and a portion of the South West plus a 
third category capturing everything else would prove most appropriate.  
 
Clusters were defined using a number of mathematical techniques across the major sectors of 
retail, office and industrial properties. All 31 central London office markets were defined under a 
single cluster. South East offices and ‘industrial/ peripheral’ office markets were defined as 
separate clusters. Further breakdowns of these clusters removed City offices into a separate 
cluster. The authors concluded that the absence of regional clustering reflected administrative 
boundaries rather than economic function. The paper also noted the dominance of London 
surveying practices and London based institutions with the market. This facilitated the 
transmission of market information from London and South East into other markets. Whilst this 
paper was written over 20 years ago, the focus on aggregating markets through economic 
function and broader similarities rather than relying on standardised regional definitions remains 
the underlying rationale behind the definition of effective categories of homogeneous groups of 
properties.  
 
This paper showed that the clustering of indiviual markets in terms of strict geographic definitions 
was not an absolute match and the depth of the data available for many of the individual 



86 
 

markets, particilarly smaller ones, used in the study was likely to be a modest representation at 
best. Again though, this paper emphasised the importance of defining commonalities between 
markets when constructing broader segments.  
 
Hendershott et al (2002) produced an econometric model to determine the appropriate modelling 
of rental values across 11 UK regions. The data analysed covered 30 years although the authors 
noted that the data supplied by IPD prior to 1981 was based on a sample of rather than 
comprehensive coverage of the stated markets. The authors noted the challenges in defining 
appropriate supply variables which were much more difficult to define and obtain in comparison 
to demand variables. These could be sourced through metrics relating to employment and 
GDP/GVA growth. The authors concluded that regional modelling was particularly relevant for 
any specific market region except London, believing that the other regional markets behave in 
broadly the same manner, reflecting balances between supply and demand and adjustments 
towards equilibrium. The paper also noted that demand drivers were far more statistically 
significant than supply variables, specifically in relation to the shorter term.  
 
Following on from this analysis, the paper written by Jackson and White (2005) sought to use 
cluster analysis on IPD rental growth data, converted into real terms, to test existing definitions 
and identify potential alternatives. 132 defined office markets along with 235 retail markets were 
analysed. The study period for offices was 1981-2000. For office markets, rental growth patterns 
fell into three groups. These clusters effectively represented London, a cluster predominantly 
based on the South East and East England markets but with representation from Scotland, the 
Midlands and South West plus a categrory capturing most non London/South East regions. The 
paper concluded that whilst there were clear links between the IPD classifcations and the cluster 
analysis, there was not an absolute match and there was no occurrence where the markets from 
a defined segment were grouped within a single cluster so instigating diversification based upon 
the defined segments would not prove optimal. 
 
The working paper published by Byrne and Lee (2006) explored US literature which calculated 
‘locational quotients’ that related high grade office stock to the population/workforce, finding a 
concentation of this accommodation in a few major urban centres. The analysis started from the 
position already established in the literature that diversification across regional boundaries was 
problematical as geographic units in isolation were not economically cohesive. They wanted to 
emphasise that diversification involved more than buying buildings separated by substantial 
distances. Furthermore, the authors sought to explore the perception that investors concentrated 
portfolios in preferred regions with little analysis on the rational economic case for investing in 
such regions. The 2006 paper contained a study of institutional investment in offices across 
regions at two specific points in time, namely 1998 and 2003. This analysis was extended to 
contain a comparison with the retail sector in Byrne and Lee (2009). Both studies were confined 
to England and Wales.   
 
The original paper then sought to calculate location quotients (LQ’s) for UK local authority 
districts (LAD’s) based on the number of assets, floorspace and capital value. The resulting 
figures indicated that institutional investors had concentrated investment in a small number of 
markets. LQ’s calculated on the basic of employment as oposed to captial value or floorspace 
were somewhat larger, suggesting that investors were somewhat more diversified in terms of 
where employment was located rather than where the value of their investments were 
concentrated.  
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In summation, the analysis of individual office markets within the literature confirms a substantial 
cyclical element in the underlying investment performance, as proxied by rental value growth, in 
those markets. The impact of long-term economic drivers, particularly relating to employment 
patterns and technology are likely to affect most individual office markets to varying degrees. It is 
up to the analyst to determine which markets are priced appropriately and those that offer 
opportunities through being mispriced. 
  
The literature explored has categorised non London/South East markets into a range of 
definitions including regionally dominant, free-standing or secondary. It is also pretty much 
unanimous in declaring that clustering produces results that confirm that effective segment 
definitions as defined by clusters will be detemined by economic function rather than geographic 
administrative boundaries. The thesis follows that logic by considering offices in Manchester and 
Leeds to be more comparable than either city clustered along with the outlying districts of the 
North West (England) and Yorkshire/Humberside.  
 

4.3.6 Outside London: CUKO definitions 
An important finding for this thesis, presented in Figure 4.11, is that the average lot size of 
transactions in the South East/East England markets are broadly similar with the wider UK 
market. This indicates that, unless pricing in terms of yields was fundamentally different, it would 
be reasonable to combine the properties from the South East and wider UK into a single 
category. Of even greater relevance is the relative stability of the average lot sizes over time. If 
the sample is based on a relatively stable lot size, the inevitable noise in the creation of the 
measure based on different samples is less likely to prove a fundamental hurdle when 
interpreting the derived measure. This issue is explored later in this chapter. 

The charts displayed in Figure 4.13 are set on an identical scale. They indicate the range of lot 
sizes for both the South East/East of England markets and Rest of UK market for the study 
period. The measures illustrated similar patterns with substantial increases in the run up to the 
GFC, a retrenchment in the aftermath and a substantial rise towards the end of the study. To a 
certain extent, these movements will reflect capital value rises and falls so the actual range 
between the average lot sizes is likely to be overstated. As with London markets, the issues 
regarding large individual transactions having an excessive influence on aggregated measures 
presents challenges and these issues are addressed in the third stage of data filtration.  
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Figure 4.13 Average lot sizes: South East and Rest of UK offices, 1999-H1 2018             
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning  

The relationship between the defined markets, in terms of price/value, must also be considered. The 
analysis produced for London markets in Figure 4.7 is replicated for the wider UK markets in Figure 
4.14. MSCI segments the South East region into 2 separate categories, Outer and Inner South East. 
As a rough guide, the boundary of the M25 represents the cut off between the two categories. All 
properties outside London and the South East regions are held under a Rest of UK definition10. At the 
start of the period when MSCI data was available, the Inner South East segment was priced at a 
lower yield reflecting higher prices. This stalled in the midst of the recession of the early 1990’s, 
particularly in respect of the initial yield where there was nothing to choose between the three 
categories through the course of that downturn and the initial years of the recovery. This advantage 
was restored and maintained up until the end of the 1990’s. For a period up until the crash of 2008-
09, Rest of UK offices was priced more keenly than South East markets. By the end of the period that 
MSCI data is available, there was nothing between the three categories in terms of the equivalent 
yield. For the initial yield, both the Rest of UK and Outer SE office figures have moved back towards 
the Inner SE figure after a gap, following an extended period of similar pricing levels, had opened in 
2015-16.  

  

  

Figure 4.14 UK office valuation yields: 1981-2017               
Source: MSCI Annual Property Index December 2017 
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This blurring of pricing between the markets and end of the clear pricing differentials as 
expressed between the markets over the course of the 1980’s supports the hypothesis that there 
is no fundamental reason why the original segment categorisations defined by IPD in the mid 
1980’s must continue to apply when conducting market analysis. The cultural bias within the 
industry towards London and the South East is one of the reasons these categorisations have 
lasted so long. A further theory expounded here, without any formal evidence presented, is that 
the nature of office markets in major UK cities has changed markedly in recent years. This has 
increased the range of size and specifications of office accommodation in non-London or South 
East markets that are available. These markets are now much more appealing to a range of 
national and international investors. Examples include the shift of the nexus of the Edinburgh 
office market from George Street, St Andrew’s Square, Charlotte Square and New Town 
tenements to the West End Exchange/Morrison Street district. The expansion of Glasgow’s 
International Financial & Business Services district south towards the River Clyde is a further 
example. The cities of Manchester and Bristol have also recorded major transformations in the 
quality of office stock over the past twenty years.  

Office markets reflect where people work, and the biggest UK cities are likely to have the largest 
invested stock as that is where larger numbers of people who are employed in office-based roles 
are placed. Furthermore, big cities usually tend to house administrative infrastructure for 
government departments at various levels e.g. regional, national, devolved national, EU (at 
present), etc. The combination of public and private sector employment tends to be concentrated 
in these bigger cities. In addition, there are other cities where the structure of the local economy 
facilitates demand for substantial demand/clustering within that market. Aberdeen is a case in 
point where the oil extraction and services industry requires many global oil companies to hold a 
significant presence in that location. This usually involves a degree of administrative function 
which requires office space. Jones and Orr (1999) and Jones (2013) described these markets as 
core cities and free-standing centres. Other cities such as Cambridge have seen business space 
expand to a substantial degree with floorspace containing offices and ‘hi tech industrial’ 
developing around universities. The view that major cities with long established and substantial 
investable office markets are defined markets is a standard consideration within the UK industry.  

The definition or classification of a group of office properties is inevitably influenced by the data 
available. The transaction-based data sourced from PropertyData captures the city or town but 
does not contain full postcodes. It is therefore not possible in this thesis to distinguish between 
CBD/suburbs or in town versus out of town (OOT) boundaries which reflect how these markets 
are perceived by professionals. Property Market Analysis (PMA) for example provide market 
metrics on central and OOT office markets which often display substantial differences in relation 
to the same city. The data created by CoStar also enables a more detailed interrogation of 
geographic markets through the incorporation of bespoke GIS software. The forensic allocation 
of transactions large central office markets and the remainder to other markets mapped within a 
GIS system would reflect better practice and provides some opportunities for further research but 
is not possible in relation to this study. Furthermore, it would be expected that the relative pricing 
between core and OOT markets would be picked up in the range around the average yield.   

There is also the issue of what major city markets should be considered as being the major UK 
markets. For example, the primary commercial property consultancies have their own definitions 
of the major UK city markets. These, as suggested before, reflect their own established business 
structures. For example, CBRE currently publish data and market statistics of 14 non- 
London/Thames Valley markets whilst BNP Paribas publish headline data on 53 separate UK city 
markets, 4 of which located in outer London. Jones Lang LaSalle cover the ‘Big 6’ of 
Birmingham, Bristol, Leeds, Manchester, Edinburgh and Glasgow and Knight Frank capture 10 
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major cities outside the South East. A summary of markets covered by the five consultancies 
with the greatest volume of deals in H1 2018 is listed in Table 4.4.  

Table 4.4 Major UK city office market coverage by major property consultancies             

 

Source: Core Cities. Core Strengths - Property market in the UK’s main cities outside London, October 2017 (CBRE), 
Regional Office Market Review and Outlook – Spring 2017 (Savills), UK Regional Cities Review 2018 (Knight Frank), UK 
Office Market Outlook H2 2018 (JLL), United Kingdom Office Market Snapshot Fourth Quarter 2018 (Cushman & 
Wakefield)  

The decision made in respect of this thesis was again taken as a compromise between the 
availability of data in terms of the number of transactions and in seeking to determine where 
there was a price differential or premium for the major city markets across the UK in comparison 
to other markets. As already outlined, the decision was made to include transactions within the 
South East and East of England with those in the wider UK. The final choice was made to focus 
on the top 11 city markets outside London as defined by investment volume over the study 
period. These markets are confirmed in Table 4.5.  

Table 4.5 Major UK city investment volumes 1999-H1 2018 

 

Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

This decision acknowledges the issues pertaining to market boundary definitions within cities. 
This could be addressed in further research by interrogating the CoStar GIS database for 
example. There is quite a range of investment volumes within the larger cities of Birmingham and 
Manchester, over the period 1999-2018, accounting for over £5bn of transactions volumes in 
each.  They are followed by the major city markets of Edinburgh, Glasgow, Bristol and Leeds 
reporting volumes between £4bn and £2.5bn. The remaining city markets showed considerably 
less activity but represented the largest of the remaining city markets across the UK.  

Sheffield was added to the ‘Big City’ markets data at a late stage. The initial proposition had 
been to take the top 10 non-London city markets but the margin of investment activity between 
Newcastle and Sheffield was so modest the decision was made to also incorporate Sheffield. 

CBRE Savills Knight Frank Jones Lang LaSalle Cushman & Wakefield
Aberdeen Aberdeen Aberdeen Birmingham Birmingham
Belfast Birmingham Birmingham Bristol Bristol
Birmingham Bristol Bristol Edinburgh Cardiff
Bristol Cambridge Cardiff Glasgow Edinburgh
Cardiff Cardiff Edinburgh Leeds Glasgow
Edinburgh Edinburgh Glasgow Manchester Leeds
Glasgow Glasgow Leeds Manchester
Leeds Leeds Manchester Newcastle
Liverpool Manchester Newcastle Reading
Manchester Sheffield
Newcastle
Nottingham
Sheffield
Southampton

Investment volumes 1999-H1 2018
£bn £bn

Birmingham 5.114 Cardiff 1.540
Manchester 5.077 Reading 1.318
Edinburgh 3.955 Aberdeen 1.092
Glasgow 3.439 Newcastle-upon-Tyne 0.780
Bristol 2.883 Sheffield 0.779
Leeds 2.544
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Finally, the office market in Slough recorded a greater level of transactions than Newcastle-upon-
Tyne or Sheffield. The decision was made to exclude Slough from the Big City markets definition 
given some historic data issues and pricing swings unique in the case of that market.  

The final check in relation to the definition of market segments at stage 1 of data filtration was to 
compare the number of transactions across the three categories (CUKO) of office properties over 
time. This was to highlight any fundamental problems in whether the CUKO’s would be sufficient 
to support the construction of pricing metrics. The headline picture, summarised in Figure 4.15, is 
defined in years rather than quarters to remove some of the visual volatility.  It highlights how 
London remains consistently the largest CUKO, accounting for an average proportion of 44% or 
50 transactions per quarter. The Big Cities CUKO is the smallest market accounting for an 
average of 21% of transactions (25 per quarter). There are specific issues in both 2012 and 2013 
when this CUKO recorded only 47 and 79 transactions, respectively. The Rest of UK CUKO 
accounted for the remaining 35% of activity (42 transactions per quarter) which is evenly spread 
between South East and non-South East markets. This suggests that the three categorisations 
all capture substantial portions of the office market, but that there might be some challenges in 
establishing metrics at certain points in time, particularly regarding the Big Cities category.  

 

    

Figure 4.11 Proportion of transactions by CUKO                                                
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

This section has explored the literature and data relating to the categorisation of UK office 
markets in geographic terms.  Following that exploration, the decision was made to place UK 
office transactions into three categories, labelled throughout the remainder of the thesis as 
CUKOs. These refer to  
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1. Big Cities 
2. London 
3. Rest of UK 

The effectiveness of these definitions is also considered in Chapter 5.  

There was no further investigation of the Stage 1 filtered data as any pricing outputs at that 
stage, e.g. yield or risk premium as these data points would only have been scrutinised at a level 
which confirmed that the data was present. This is not sufficient as the data needed to be 
cleaned in two further stages before any metrics could be calculated and tested.  

4.4 Removing the extremes 
Having identified the three separate CUKO’s, the next stage of the database construction 
process was to test the range of transaction prices, as defined by the initial yield. There was the 
immediate concern that the use of an average statistic could produce problems if the distribution 
of average yields were non-normal. The related issue that an average measure could be 
distorted by extreme values at both ends of the distribution also had to be considered. An 
exploration of the range of transaction yields was followed up by employing a straightforward 
filtration process to address the issue. This stage of the filtration process was designed to ensure 
that, as far as possible, the measures constructed reflected the genuine income/price 
relationship defined by the initial yield and were directly comparable with subsequent measures.  
 
The initial yield reflects the existing contracted rent payable in relation to the price paid, usually 
adjusted to include sales costs for the asset (or market). The use of contemporaneous cash 
flows that exist at a given point in time is directly comparable with the coupon receipts and 
dividend payments of alternative asset classes. 

Much of commercial property research has focussed on the equivalent yield or appraised 
investment worth (Baum and Crosby, 1988). This concept, in essence, adjusts the actual cash 
flows received to the contemporaneous market rental value of those cash flows, mostly at the 
level of individual leases. This replaces pricing based on actual cash flows to the assumed worth 
of an investment to an individual investor. The concept of rental value invariably brings a degree 
of subjectivity to the process. This subjectivity involves sourcing relevant comparable 
transactions that can be applied to defining the market rental value, and calculated rental value 
growth, before applying further subjectivity in relation to the extent that this filtered information 
should be applied to the asset or leasing income stream in question.  

The factual measure of income distribution as a proportion of the asset price is taken as the 
unambiguous market price. This greatly assists analysts of all persuasions in determining a 
transparent market price. By using the most comparable measure of an initial yield, researchers 
exploring the commercial property market can determine whether the initial yield represents a 
positive or negative case for investing in that asset class at a point in time. Of course, liquidity 
concerns and management costs have a major impact on the evaluation of the headline figure, 
but the role of an investment analyst is to interpret these interacting variables effectively.   

Another reason behind supporting the use of an initial yield rather than an equivalent yield type of 
measure applies to an investor considering investing in commercial property at a multi-asset 
class level. The weighted initial yield of a commercial property market sector will contain a 
proportion of assets or parts of assets that are vacant, for reasons that might be positive or 
negative e.g. a unit being upgraded or where a particular building is obsolete. The return 
available from the market at a given point in time will therefore reflect the level of vacancy. The 
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equivalent yield will indicate the earnings on offer if all vacant units are let at market value, along 
with reversionary units whilst over-rented units will continue to reflect the contracted value.  

An analyst considering the revenue generated from the market as it stands, however, needs to 
consider the scale of vacancy at a given point in time. The next measurement period will contain 
a level of vacant units which will again be picked up through the initial yield measure with the 
likelihood of some units having remained vacant, some previously vacant units now income 
producing whilst other units previously income producing having become vacant. Point to point 
interrogation of initial yields should capture these market dynamics at an aggregated level. It will 
never be perfect, given the use of stepped rents and rent-free periods, but these tend to be a 
modest proportion of the contracted rental income stream when considered at a market at a 
given point in time. Changes in the initial yield, therefore, indicate the point-to-point movement in 
prices in a more comparable, if less fully encompassing manner than equivalent yields. The 
explicit definition of net initial yield has long been used within commercial property organisations 
such as CBRE and JLL to denote pricing movements over time (the author has direct experience 
of the collation, dissemination and application of this measure within such an organisation).  

The second stage of data cleaning therefore was undertaken to ensure that, as far as possible, 
the aggregated average statistics, calculated on an absolute or weighted basis, were 
representative of the market and not distorted by extreme figures. This presented a greater risk 
when the quarterly sample size of individual transactions was small.  Simply calculating the 
average of the sample or calculating a weighted average from the data in the current state would 
not be acceptable for a myriad of reasons. The first stage of filtration dealt with the assets where 
the transaction information was incomplete. The second and third stages involved the removal of 
complete and relevant data. The removal of any such data must be explained, justifiable and 
reasonable. It should not replace one distorted measure with another. 

Using the initial yield in this study facilitated the creation of a relevant series of metrics that are 
appropriate when comparing property with competing asset classes. Nevertheless, several 
adjustments/data filtration steps are required as using the initial yield produced potential 
anomalies that needed to be addressed.  

The issue of void properties has been addressed through the initial stage of cleaning i.e. the 
requirement for a yield. The fact that void properties do represent a significant proportion of the 
market will be considered in Chapter 5. The second stage of cleaning involves removing yields at 
both ends of the distribution. Where there was a minimal yield, there might be a partial letting of 
the property with a lease agreement in place. In this sense, the initial yield metric would prove 
erroneous, as it does not equate to the standard understanding of the yield measure that as 
outlined in detail in Chapter 7, reflects the scale of income distribution that an investor would be 
entitled to receive due to the ownership of a particular asset. In respect of commercial property, a 
yield of 1.0-1.5% does not reflect this relationship. 

There is a similar issue at the other end of the distribution. Extremely high initial yields reported 
in respect of a transaction imply a situation where the existing/current contracted rental income is 
a substantial sum of money in relation to the price paid for an asset. A yield of 25% implies that 
the investor would receive the current asset price in rental income receipts over four years, 
assuming no allowance for costs or inflation. This quantum of a yield is perfectly possible, 
particularly for a run down or otherwise distressed/blighted asset. The high initial yield often 
reflects a situation where the tenant is coming to the end of the lease and is unlikely to renew or 
the tenant has effectively vacated the building but been unable to sublet and is forced to perform 
the remainder of the lease contract. Other reasons for an artificially high initial yield can relate to 
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substantial environmental challenges e.g. the remediation of an industrial site. This depresses 
the value of the asset and increases the initial yield.  

The problem of high initial yields for the thesis is in determining the appropriate boundary 
between genuine secondary market transactions as defined by the yield and the point at which 
the metrics do not produce a measure understood, as outlined, to represent the cash flow/price 
relationship. The goal of this thesis remains to take the data that is available, adapt it wherever 
required and convert this data into metrics which are plausible, relevant and reflect investable 
markets. There is neither the data nor the time required to investigate the individual cases, so a 
statistical cut-off is selected. The population sees the lowest 1% of yields and the highest 3% of 
yields across the full study period removed from the sample and further analysis. The impact of 
this stage of the filtration process on the statistical properties of the sample at stage 1 filtration 
are illustrated in Table 4.6 and Figure 4.16. 

Table 4.6 Statistical properties of stage 1 filtration excluding portfolio deals 

 

Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

Number of transaction yields (stage 1 filtration excl. portfolio deals)

Valid % Missing % Total %
Yield 9052 100.00% 0 0.00% 9052 100.00%

Descriptive Statistics (yield stage 1 filtration excl. portfolio deals)
Statistic Std. Error

Mean 7.03 0.0259
95% Confidence Interval for Mean Lower Bound 6.98

Upper Bound 7.08
Variance 6.07
Std. Deviation 2.46
Minimum 0.13
Maximum 38.00
Range 37.87
Interquartile Range 2.43
Skewness 2.29 0.026
Kurtosis 15.05 0.051

Extreme Values (yield stage 1 filtration excl. portfolio deals)
Case Value

Yield (%) Highest 1 2440 38.00
2 1906 36.80
3 8506 31.89
4 7522 31.30
5 7276 31.10

Lowest 1 6821 0.13
2 8607 0.25
3 5016 1.00
4 2853 1.03
5 7288 1.19
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Figure 4.16 Histogram of transaction yields: stage 1 filtration excluding portfolio deals  
Source: Author’s calculations based on PropertyData database filtered by stage 1 cleaning 

The distribution of transaction yields in the unfiltered sample is far from normal and records both 
high skewness, an extremely large element of kurtosis reflecting the number and scale of the 
outliers, particularly on the high yield side, a median measure considerably smaller than the 
mean and an inter-quartile range that is much smaller than the total range. Using this data to 
create any metrics would be beset by problems.  

Once the adjustment is made by removing the lowest 1% and highest 3% of transaction yields, 
the comparable statistical measures are presented and illustrated in Table 4.7 and Figure 4.17 
respectively.   
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Table 4.7 Statistical properties of stage 2 filtration excluding portfolio deals 

 
Source: Author’s calculations based on PropertyData database filtered by stage 2 cleaning 

 
 
 
 
 
 
 
 

Number of transaction yields (stage 2 filtration excl. portfolio deals)

Valid % Missing % Total %
Yield 8697 100.00% 0 0.00% 9052 100.00%

Descriptive Statistics (yield stage 2 filtration excl. portfolio deals)
Statistic Std. Error

Mean 6.82 0.02
95% Confidence Interval for Mean Lower Bound 6.79

Upper Bound 6.86
Median 6.75
Variance 3.27
Std. Deviation 1.81
Minimum 2.61
Maximum 12.10
Range 9.49
Interquartile Range 2.43
Skewness 0.29 0.03
Kurtosis -0.04 0.05

Extreme Values (yield stage 2 filtration excl. portfolio deals)
Case Value

Yield (%) Highest 1 3 12.1
2 4 12.1
3 5 12.1
4 7 12.1
5 1 12.040a

Lowest 1 8695 2.61
2 8693 2.61
3 8692 2.61
4 8691 2.62
5 8696 2.630b

a Only a partial list of cases with the value 12.040 are shown in the table of upper extremes.

b Only a partial list of cases with the value 2.630 are shown in the table of lower extremes.
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Figure 4.12 Histogram of transaction yields: stage 2 filtration excluding portfolio deals  
Source: Author’s calculations based on PropertyData database filtered by stage 2 cleaning 

The scale of both the kurtosis and skewness for the population of individual yields has been 
dramatically reduced by this second stage filtration. The extreme values presented in Figure 4.17 
now represent plausible investment yields. The headline average measure has been reduced by 
21 basis points from 7.03% to 6.82%.  Furthermore, the relationship between the inter-quartile 
range and the total range is more in line with normality and the difference between the median 
and average yield has been reduced from 0.23% to 0.07%. The range covering two standard 
deviations around the mean value falls from 2.10% - 11.96% to 3.20% - 10.44%. It is the 
contention of this thesis that this lower, narrower range is more in alignment with investment 
professional’s perspective on the upper and lower boundaries for investment yields, particularly 
when considered in a wider market as opposed to an asset context.  

It is acknowledged that this cleaning process restricts the range of yields that will create the 
transactions-based measures. The reduction in the sample represented 355 properties with a 
total investment volume of £3.381bn (or 1.5% of total investment volumes. It also narrowed the 
range of the distribution to less than what would be anticipated with a normal distribution.  

What the filtration at this stage has done is to narrow the range of yields upon which aggregated 
metrics can be constructed but this filtered database represents the range of rational investment 
initial yields as understood by market practitioners. The modest 1.5% reduction in total 
investment volumes makes the point that extreme yields at both ends of the distribution were 
having an unreasonable impact on the wider population that impacted on the validity of 
aggregated measures. If this thesis, at this stage, was proposing to produce measures that were 
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to be formally integrated into performance reporting and impacting upon remuneration, the 
removal of genuine data would be more troubling. The removal of valid data should not, as a rule 
be undertaken. As a rule, representative data should also capture investor’s establishing 
strategies at the margins of the market e.g. seeking out the highest possible income.  

There has, however, to be an accommodation between the data that is available, making sense 
of the numbers and adjusting them in a manner which can support analysing the investment 
strategies of the vast majority of market practitioners. The debate about what could or should be 
incorporated into formal benchmarking processes is evolving all the time (Trevillion et al, 2018) 
and the goal of this thesis remains to take the data that is available, adapt it wherever required 
and convert this data into metrics which are plausible, relevant and reflect investable markets. 
The loss of 1.5% of total investment volumes is reasonable, considering the resulting 
transformation in the distribution. A summary of the impact of filtration in respect of the original 
data downloaded from Property Data is contained in Table 4.8.  

Table 4.8 Number of transactions and investment volumes at filtration stages 1 and 2 

 
Source: Author’s calculations based on PropertyData database  

 

4.5 Final filtering and calculation of measures 

4.5.1 Domination by larger lot sizes 
The final stage of data filtration essentially contains several processes that validate the data 
before the final creation of aggregated transactions-based measures. The process incorporates 
the weighting of the transaction yield by the relevant transaction price to create measures that 
reflect the scale of actual investment flows. There is, however, a concern that individual 
transaction prices, particularly within a small sample, could produce a metric that essentially 
reflects an individual or handful of asset(s) as opposed to the wider market. There is also the 
consideration of what number of assets constitutes a reasonable sample that can create an 
aggregated measure. The data validation process included the insertion of rules to refine the 
sample before the data was used to create the final aggregated measures. It was also decided to 
address, on an individual basis, the data points where the sample and aggregated measures 
appeared to make no sense. The primary intention was to keep the scale of manual intervention, 
wherever possible, to a minimum.  

The transactions-based metrics need to be based on weighted measures that reflect the sums 
invested. This aligns with traditional appraisal-based metrics such as the MSCI/IPD index and 
broader equity/bond indices that are based on market capitalisation. Using a raw average 
exaggerates the influence of small investment transactions and reduces the real impact of 
broader market trends determined by the weight of money. Figure 4.18 graphically demonstrates 
how a tail of higher yielding transaction prices relate, in the main, to smaller assets.     

No. transactions Volume £bn)
Stage 1 - Raw data 14117 337.58
Stage 1 - Incomplete data removed 4680 91.35

Stage 2 - Data 9437 246.23
Stage 2 - Extreme yields removed 355 3.38
Stage 2 - Portfolio deals removed 385 24.37

Stage 2 - Clean sample 8697 218.48
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Higher yields reflecting smaller transactions would distort aggregated market measures. 
Essentially, smaller transactions yields pull an unweighted average above a weighted measure. 
The unweighted average already reported of 6.82% in Table 4.7 is countered by a weighted yield 
of 5.65%.   

 

Figure 4.13 Transaction price by initial yield  
Source: Author’s calculations based on PropertyData database filtered by stage 2 cleaning 

There is, however, a balance to be struck. The nature of commercial property in terms of size of 
separate buildings can present issues when applying standard weighting to aggregated 
measures designed to reflect markets as a whole or smaller segments within those markets. 
Weighting yield measures by transaction price introduces the issue of domination by the largest 
deals, particularly when there is a small sample size in any given quarter. This is a particular 
issue for direct real estate which is often, with considerable justification, described as a ‘lumpy’ 
non divisible asset class. The cost of creating a market weighted portfolio of equities, say in 
respect of the FTSE-100 Index of leading UK equities, would be a matter of thousands of 
pounds. The costs of adjusting the weighting of those constituent parts, e.g. to an equally 
weighted portfolio, would be within the range of most pooled investors and even millions of 
individual private investors.  

For direct commercial property investors however, the inclusion of assets costing tens of millions 
of pounds is beyond many if not many investment mediums. The use of market data constructed 
using unfiltered weighted averages can introduce distortions through the inclusion of very large 
assets e.g. the largest multi-storey office buildings and shopping centres. Such assets are 
available, in the main, to a very small group of investors who can either digest such holdings 
through holding vast portfolios or are specialists in a narrow sector of the market. Most portfolio 
managers, however, will never entertain the notion of owing such a large building and should not 
have such assets included in a representative benchmark. This also makes it more difficult to 
create synthetic instruments that represent real estate markets and eliminate asset specific risk. 
This is not the case in respect of many alternative asset classes, particularly equities and bonds. 
The filtration as the other end of the size scale has been achieved through the selection of 
PropertyData as a primary data source in comparison to CoStar. 
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For this thesis therefore, the decision was taken to mediate the issue of dominance whilst 
retaining the fundamental properties of weighting by price. The solution was to exclude the 
highest value transactions from the aggregated measure on a quarterly basis. This was done to 
remove the worst excesses of domination by large assets. The figure of the highest 10th 
percentile in relation to the quarterly sample was arrived at to ameliorate the issue at a CUKO 
level.  

In consideration of a sample of 40 transactions in a quarter, the highest four would be removed 
leaving a residual of 36 which would generate the weighted measure. Following detailed analysis 
of the sample data, the filtration boundary for large transactions was increased to the top 20th 
percentile for London in order to reduce the distortion of large transactions that had much more 
of an impact in relation to this market. Finally, the filtration boundary could be adjusted for a 
specific month to increase or reduce the sample, almost always when the sample was small, to 
reduce the domination of the aggregated measures by single large transactions.  

This Stage 3 data cleaning process involved the following stages of cleaning the completed 
stage 2 data at a defined market level: 

 At the CUKO ‘Big City’, London and ‘Rest of UK’ levels, transaction prices were allocated 
to the quarters ranging from March 1999 – June 2018 

 Transactions prices within those quarters were then ranked by percentile 
 Transactions prices greater than the 90th percentile (80th in the case of London) were 

then excluded 
 Weighted measures for transaction yield, nominal risk premium and real risk premium 

were then calculated 
 The stage 3 filtered data that created the metrics above was then summarised for both 

count of transactions and total investment volumes. The headline numbers for the 
CUKO’s are illustrated in Table 4.11 – Table 4.16 

4.5.2 Impact on sample size 
One of the formal objectives of the research conducted in this thesis is to improve portfolio 
optimisation modelling within commercial property and when comparing commercial property 
relative to other asset classes. It is argued here that the largest assets invariably hold a great 
deal of specific risk that again, distorts, the risk profile of aggregated measures. The remediation 
of dominance in average market metrics is therefore an important stage of the validation process. 
The extent of the issue is highlighted in Table 4.9. 
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Table 4.9 Major impact on average transaction prices as large deals removed 

 
Source: Author’s calculations based on PropertyData database  

This shows that the filtration process has reduced the investment volumes contained within the 
London CUKO by 67%. The comparable figures for Big Cities and the Rest of UK markets have 
been reduced by 45% and 44% respectively. The impact of such a large reduction is 
demonstrated by the impact on the average lot size. The London statistic has more than halved 
from £44.8m to £18.6m. This reflected the withdrawal of 769 properties sold for an average 
£147.8m from the post stage-3 cleaned database. It is the contention of this thesis that the 
filtered sample represents a scale of investment in single assets that the vast majority of 
investors, across the three defined CUKO’s, would recognise as a normal investment asset 
within that particular CUKO. Offices averaging £57.9m and £26.9m in the case of Big Cities and 
Rest of UK would stand out as rare investments that would attract the interest of a small number 
of investors with access to the greatest sources of capital.  

One further source of comfort for this filtration process can be obtained by comparing the filtered 
transaction yields for the three CUKOs - as presented in full in Table 5.13 - with their unfiltered 
counterparts. The arithmetic average measures over the full study period are presented in Table 
4.10. The differences recorded are modest and the hierarchy of pricing between London, Big 
Cities and Rest of UK is maintained. It should be noted here, however, that there is a significant 
price difference for the very largest assets as detailed later in this chapter in Table 4.10. This    
substantial difference in price for the very largest assets, indicating the filtration process is 
working as intended.    

Table 4.10 Major impact on average transaction yields as large deals removed 

 

Source: Author’s calculations based on PropertyData database  

 

No. transactions Volume (£bn) No. transactions Volume (£bn) No. transactions Volume (£bn)
Stage 3 - Data 3790 169.97 1872 28.24 3035 20.26
Stage 3 - Adjust for domination 769 113.41 215 12.44 332 8.93
Final sample 3020 56.22 1651 15.45 2702 11.31

Average transaction price (£m)

Stage 3 - Data
Large transactions removed
Final filtered sample 4.19

44.85 15.09 6.67
26.88

9.3618.62
57.87147.48

London Big Cities Rest of UK

London Big Cities Rest of UK

Stage 3 filtered
Stage 3 not 

filtered Stage 3 filtered
Stage 3 not 

filtered Stage 3 filtered
Stage 3 not 

filtered

Stage 3 - Data 5.99 5.82 6.94 6.69 7.71 7.33

London Big Cities Rest of UK
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The debate therefore shifts as to whether filtering out the larger transactions is worth it, given the 
material impact on the headline sample size, especially regarding volumes. From the author’s 
perspective, the removal of large elements of asset specific risk from measures designed to 
reflect broader market movements (CUKO’s) is important. The larger deals that were excluded at 
Stage 3 reflected a modest number of transactions each quarter – averaging 3 in respect of Big 
Cities, 4 for Rest UK and 10 relating to London, the filtration is justified given the individual asset 
specific risk that would have been retained using figures weighted after Stage 2 filtration was 
applied. The maintenance of the hierarchy and, in headline terms, relatively modest impact on 
the average yield gives confidence that stage 3 filtration, in attempting to deal with the issue of 
domination, is not introducing another distortion of its own.  

At this stage of analysis, it is also important to utilise straightforward and transparent rules when 
filtering data from the original sample. It is reasonable to hypothesise that these standard 
filtration rules could be refined and improved upon in the future. At this stage however, the 
fundamental challenge is whether the statistics that emerge from the filtration process are 
effective in illustrating how commercial real estate markets, in the case of UK offices, perform 
over the medium and longer term. 

The issue of domination by individual transaction prices or lot sizes remains an under-researched 
area, in terms of the existing offer of transactions based and appraisal-based indices. Given the 
lower sample sizes inherent in repeat sales indices as covered in Chapter 3, further exploration 
is required. 

4.6 Data post stage-3 cleaning  
The data presented between Tables 4.11 – 4.16 stand as the aggregated, weighted, filtered 
transactions-based metrics that are used to construct measures that evaluate pricing across the 
UK standard office market. At this stage, it is worth highlighting two of the fundamental 
challenges that were incurred when calculating these transactions-based measures and outlining 
what measures, if any were available to address the issues.  

The first relates to minimum sample sizes. The number of transactions involved in the creation of 
the quarterly sample has an obvious impact on the statistical properties of the aggregated 
measures. A greater number of yields is likely, but not guaranteed, to produce a greater range of 
prices that the aggregated measure can encompass and reflect. In such a case the weighted 
average figure, assuming a semblance of normality, should represent the market. Furthermore, a 
higher number of transactions reduces the likelihood of the aggregated weighted measures being 
dominated by a small number of large transactions. 

Geltner and Pollakowski (2007) investigate in detail the robustness and stability of sample sizes 
in relation to repeat sales-based transactions-based indices. They conclude that ideally, the 
quarterly sample should cover a minimum of 20 transactions. The samples are compared directly 
with unfiltered repeat sales price change measures in Chapter 5. is It is reiterated here that the 
thesis aims to produce a tool that will enable better informed judgements to be made in relation 
to such products and their appraisal-based counterparts. Some of the potential adaptations of the 
methodology are explored in Chapter 8 covering suggestions for future research.  
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Table 4.11 Weighted, filtered metrics by CUKO: Sample count 

 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

 
 

Filtered sample count
Big Cities London Rest UK Big Cities London Rest UK

Mar-99 12 34 22 Mar-09 10 16 11
Jun-99 15 31 31 Jun-09 10 32 14
Sep-99 16 24 36 Sep-09 15 36 8
Dec-99 21 43 59 Dec-09 13 36 23
Mar-00 15 37 42 Mar-10 24 42 20
Jun-00 15 21 35 Jun-10 19 45 28
Sep-00 13 17 19 Sep-10 16 35 24
Dec-00 17 21 21 Dec-10 17 45 25
Mar-01 22 32 28 Mar-11 13 25 21
Jun-01 19 44 37 Jun-11 11 29 15
Sep-01 35 53 49 Sep-11 13 36 14
Dec-01 23 51 45 Dec-11 16 29 19
Mar-02 26 27 40 Mar-12 8 35 18
Jun-02 23 40 47 Jun-12 7 44 17
Sep-02 37 45 63 Sep-12 9 42 13
Dec-02 36 53 79 Dec-12 9 45 13
Mar-03 15 24 50 Mar-13 7 41 14
Jun-03 23 45 45 Jun-13 10 46 17
Sep-03 34 37 50 Sep-13 13 65 26
Dec-03 32 51 77 Dec-13 25 54 33
Mar-04 30 33 55 Mar-14 23 25 21
Jun-04 39 41 55 Jun-14 16 35 23
Sep-04 24 61 46 Sep-14 22 53 34
Dec-04 27 65 83 Dec-14 24 49 46
Mar-05 25 38 46 Mar-15 28 33 33
Jun-05 29 56 56 Jun-15 30 33 41
Sep-05 25 61 52 Sep-15 25 37 34
Dec-05 31 69 38 Dec-15 36 30 46
Mar-06 27 33 48 Mar-16 33 27 36
Jun-06 31 61 46 Jun-16 19 32 27
Sep-06 37 75 55 Sep-16 14 33 31
Dec-06 43 56 51 Dec-16 25 29 40
Mar-07 25 46 55 Mar-17 19 27 30
Jun-07 29 51 59 Jun-17 12 25 35
Sep-07 26 52 30 Sep-17 31 25 26
Dec-07 16 35 23 Dec-17 33 31 39
Mar-08 20 37 24 Mar-18 25 29 19
Jun-08 13 31 23 Jun-18 13 27 25
Sep-08 6 16 12
Dec-08 6 15 11
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Table 4.12 Weighted, filtered metrics by CUKO: Investment volume 

 

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

Filtered Volume (£m)
Big Cities London Rest UK Big Cities London Rest UK

Mar-99 87.554 371.397 87.939 Mar-09 111.200 341.780 20.240
Jun-99 53.951 257.799 72.768 Jun-09 108.869 433.949 86.540
Sep-99 89.233 135.123 74.210 Sep-09 185.375 846.155 58.530
Dec-99 91.252 164.253 60.288 Dec-09 202.985 512.010 137.616
Mar-00 91.652 301.244 79.522 Mar-10 349.563 524.253 112.053
Jun-00 63.587 152.920 112.656 Jun-10 211.501 739.530 146.504
Sep-00 83.494 117.830 56.111 Sep-10 165.575 782.905 118.432
Dec-00 101.371 148.491 107.015 Dec-10 153.538 711.226 130.804
Mar-01 103.080 162.855 91.526 Mar-11 95.695 609.609 117.984
Jun-01 51.105 197.130 101.794 Jun-11 75.556 743.888 71.135
Sep-01 190.189 239.772 169.059 Sep-11 198.404 503.350 65.232
Dec-01 84.182 432.155 91.265 Dec-11 165.003 539.773 94.395
Mar-02 153.455 196.010 111.280 Mar-12 120.509 704.865 100.003
Jun-02 179.225 318.309 114.614 Jun-12 75.175 1028.409 72.815
Sep-02 118.555 492.578 225.831 Sep-12 114.890 751.475 91.940
Dec-02 177.985 294.769 158.916 Dec-12 60.520 834.093 48.481
Mar-03 83.270 127.570 137.351 Mar-13 61.765 665.470 77.925
Jun-03 169.889 435.715 95.845 Jun-13 88.310 829.143 67.865
Sep-03 191.229 332.923 142.103 Sep-13 140.345 1262.069 100.387
Dec-03 99.861 532.261 214.369 Dec-13 307.345 1330.735 283.204
Mar-04 210.632 290.233 137.861 Mar-14 277.420 710.825 82.085
Jun-04 191.406 537.933 150.750 Jun-14 253.100 981.890 108.457
Sep-04 157.747 681.054 145.862 Sep-14 178.951 1103.443 202.585
Dec-04 210.962 934.734 252.108 Dec-14 284.661 1913.665 271.595
Mar-05 215.242 587.543 91.079 Mar-15 287.088 996.791 188.307
Jun-05 259.264 609.777 207.488 Jun-15 254.783 1213.240 220.706
Sep-05 172.471 1325.507 223.202 Sep-15 317.062 1288.800 208.817
Dec-05 392.256 1613.472 225.029 Dec-15 438.718 1264.600 265.025
Mar-06 279.555 727.809 242.070 Mar-16 435.378 1104.585 187.621
Jun-06 304.420 1019.219 266.940 Jun-16 171.126 1063.778 67.900
Sep-06 577.884 855.424 285.059 Sep-16 180.737 664.180 204.657
Dec-06 591.536 898.858 303.841 Dec-16 152.968 981.190 179.562
Mar-07 437.163 862.662 283.199 Mar-17 231.450 1186.510 152.249
Jun-07 214.831 975.575 361.744 Jun-17 144.775 1154.755 190.550
Sep-07 285.405 1560.831 155.645 Sep-17 326.767 851.305 145.787
Dec-07 134.882 473.395 112.904 Dec-17 531.227 1536.730 266.424
Mar-08 225.678 709.125 113.535 Mar-18 401.200 1003.955 160.340
Jun-08 85.725 648.733 100.049 Jun-18 242.185 1323.845 143.182
Sep-08 52.000 285.920 45.740
Dec-08 84.805 173.420 54.475
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Table 4.13 Weighted, filtered metrics by CUKO: Average lot size 

  
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

Average Lot Size £m
Big Cities London Rest UK Big Cities London Rest UK

Mar-99 7.296 10.923 3.997 Mar-09 11.120 21.361 1.840
Jun-99 3.597 8.316 2.347 Jun-09 10.887 13.561 6.181
Sep-99 5.577 5.630 2.061 Sep-09 12.358 23.504 7.316
Dec-99 4.345 3.820 1.022 Dec-09 15.614 14.223 5.983
Mar-00 6.110 8.142 1.893 Mar-10 14.565 12.482 5.603
Jun-00 4.239 7.282 3.219 Jun-10 11.132 16.434 5.232
Sep-00 6.423 6.931 2.953 Sep-10 10.348 22.369 4.935
Dec-00 5.963 7.071 5.096 Dec-10 9.032 15.805 5.232
Mar-01 4.685 5.089 3.269 Mar-11 7.361 24.384 5.618
Jun-01 2.690 4.480 2.751 Jun-11 6.869 25.651 4.742
Sep-01 5.434 4.524 3.450 Sep-11 15.262 13.982 4.659
Dec-01 3.660 8.474 2.028 Dec-11 10.313 18.613 4.968
Mar-02 5.902 7.260 2.782 Mar-12 15.064 20.139 5.556
Jun-02 7.792 7.958 2.439 Jun-12 10.739 23.373 4.283
Sep-02 3.204 10.946 3.585 Sep-12 12.766 17.892 7.072
Dec-02 4.944 5.562 2.012 Dec-12 6.724 18.535 3.729
Mar-03 5.551 5.315 2.747 Mar-13 8.824 16.231 5.566
Jun-03 7.386 9.683 2.130 Jun-13 8.831 18.025 3.992
Sep-03 5.624 8.998 2.842 Sep-13 10.796 19.416 3.861
Dec-03 3.121 10.436 2.784 Dec-13 12.294 24.643 8.582
Mar-04 7.021 8.795 2.507 Mar-14 12.062 28.433 3.909
Jun-04 4.908 13.120 2.741 Jun-14 15.819 28.054 4.716
Sep-04 6.573 11.165 3.171 Sep-14 8.134 20.820 5.958
Dec-04 7.813 14.381 3.037 Dec-14 11.861 39.054 5.904
Mar-05 8.610 15.462 1.980 Mar-15 10.253 30.206 5.706
Jun-05 8.940 10.889 3.705 Jun-15 8.493 36.765 5.383
Sep-05 6.899 21.730 4.292 Sep-15 12.682 34.832 6.142
Dec-05 12.653 23.384 5.922 Dec-15 12.187 42.153 5.761
Mar-06 10.354 22.055 5.043 Mar-16 13.193 40.911 5.212
Jun-06 9.820 16.709 5.803 Jun-16 9.007 33.243 2.515
Sep-06 15.618 11.406 5.183 Sep-16 12.910 20.127 6.602
Dec-06 13.757 16.051 5.958 Dec-16 6.119 33.834 4.489
Mar-07 17.487 18.754 5.149 Mar-17 12.182 43.945 5.075
Jun-07 7.408 19.129 6.131 Jun-17 12.065 46.190 5.444
Sep-07 10.977 30.016 5.188 Sep-17 10.541 34.052 5.607
Dec-07 8.430 13.526 4.909 Dec-17 16.098 49.572 6.831
Mar-08 11.284 19.166 4.731 Mar-18 16.048 34.619 8.439
Jun-08 6.594 20.927 4.350 Jun-18 18.630 49.031 5.727
Sep-08 8.667 17.870 3.812
Dec-08 14.134 11.561 4.952
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Table 4.14 Weighted, filtered metrics by CUKO: Transaction yield 

 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

Filtered Yield (%)
Big Cities London Rest UK Big Cities London Rest UK

Mar-99 7.33 8.05 8.59 Mar-09 7.78 7.94 9.34
Jun-99 7.90 7.59 8.45 Jun-09 8.24 7.97 8.41
Sep-99 6.96 7.34 8.33 Sep-09 7.30 7.18 7.51
Dec-99 7.20 7.51 8.71 Dec-09 6.80 7.36 8.01
Mar-00 7.59 7.15 8.58 Mar-10 6.82 6.28 8.42
Jun-00 8.06 6.90 7.81 Jun-10 6.89 6.60 7.37
Sep-00 7.37 6.54 8.18 Sep-10 6.73 6.04 7.96
Dec-00 7.35 7.00 7.63 Dec-10 7.92 6.43 8.62
Mar-01 7.69 6.71 7.82 Mar-11 7.93 6.01 8.17
Jun-01 8.18 7.17 8.11 Jun-11 7.83 5.80 8.52
Sep-01 7.94 7.00 8.00 Sep-11 7.52 5.57 9.04
Dec-01 7.77 6.76 8.57 Dec-11 6.86 6.16 8.38
Mar-02 7.77 6.81 8.36 Mar-12 7.57 5.96 7.61
Jun-02 7.47 6.90 8.53 Jun-12 7.52 5.72 9.09
Sep-02 7.57 7.09 7.79 Sep-12 7.42 5.74 8.70
Dec-02 7.49 7.45 8.10 Dec-12 7.17 5.61 8.41
Mar-03 7.04 7.32 8.07 Mar-13 8.36 5.35 7.98
Jun-03 6.83 7.39 7.92 Jun-13 8.10 5.74 8.24
Sep-03 7.15 7.73 7.89 Sep-13 8.20 5.59 8.87
Dec-03 6.91 7.31 7.56 Dec-13 7.24 5.48 8.18
Mar-04 6.69 6.88 8.09 Mar-14 7.02 5.08 8.05
Jun-04 6.74 7.20 7.70 Jun-14 6.91 5.39 7.64
Sep-04 6.68 6.83 7.52 Sep-14 6.31 4.76 7.72
Dec-04 6.70 6.96 7.52 Dec-14 6.76 4.52 7.49
Mar-05 6.93 6.53 7.12 Mar-15 7.22 4.21 8.19
Jun-05 6.53 6.62 7.35 Jun-15 6.86 4.55 8.10
Sep-05 6.15 6.18 6.65 Sep-15 6.37 4.04 7.40
Dec-05 6.03 5.80 6.90 Dec-15 6.55 4.48 7.68
Mar-06 5.51 5.96 6.77 Mar-16 6.59 4.44 7.30
Jun-06 5.83 5.45 6.40 Jun-16 6.89 4.42 7.72
Sep-06 5.14 5.07 6.31 Sep-16 6.58 4.73 6.76
Dec-06 5.48 4.59 6.13 Dec-16 6.83 4.49 7.19
Mar-07 5.14 5.07 6.13 Mar-17 5.93 4.60 6.78
Jun-07 5.68 4.66 6.17 Jun-17 6.38 4.23 7.35
Sep-07 5.70 4.52 6.09 Sep-17 5.96 4.58 7.33
Dec-07 6.09 5.35 6.37 Dec-17 6.42 4.62 6.66
Mar-08 6.47 5.61 6.73 Mar-18 6.14 4.85 6.96
Jun-08 6.39 6.35 7.30 Jun-18 6.28 4.63 6.95
Sep-08 6.60 6.27 7.65
Dec-08 6.74 6.65 8.47
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Table 4.15 Weighted, filtered metrics by CUKO: Nominal risk premium  

 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

Nominal Risk Premium (%)
Big Cities London Rest UK Big Cities London Rest UK

Mar-99 2.86 3.60 4.15 Mar-09 4.48 4.54 5.87
Jun-99 3.09 2.78 3.52 Jun-09 4.53 4.32 4.80
Sep-99 1.47 1.94 2.90 Sep-09 3.66 3.49 3.82
Dec-99 1.87 2.19 3.33 Dec-09 2.86 3.45 4.10
Mar-00 2.00 1.65 3.18 Mar-10 2.83 2.30 4.46
Jun-00 2.87 1.71 2.62 Jun-10 3.30 3.08 3.86
Sep-00 2.16 1.28 2.93 Sep-10 3.56 2.90 4.84
Dec-00 2.35 2.02 2.58 Dec-10 4.49 3.02 5.24
Mar-01 2.84 1.85 2.96 Mar-11 4.21 2.32 4.46
Jun-01 3.03 1.93 2.85 Jun-11 4.41 2.42 5.13
Sep-01 3.00 2.08 3.06 Sep-11 4.78 2.84 6.35
Dec-01 2.93 1.99 3.78 Dec-11 4.59 3.99 6.18
Mar-02 2.66 1.75 3.29 Mar-12 5.52 3.90 5.56
Jun-02 2.29 1.76 3.35 Jun-12 5.95 3.97 7.28
Sep-02 2.98 2.50 3.22 Sep-12 5.93 4.15 7.05
Dec-02 2.97 2.94 3.60 Dec-12 5.36 3.81 6.60
Mar-03 2.82 3.09 3.81 Mar-13 6.37 3.42 6.07
Jun-03 2.68 3.16 3.73 Jun-13 6.30 3.64 6.03
Sep-03 2.62 3.22 3.37 Sep-13 5.50 2.93 6.21
Dec-03 2.00 2.35 2.58 Dec-13 4.32 2.61 5.29
Mar-04 1.90 2.10 3.31 Mar-14 4.30 2.36 5.33
Jun-04 1.64 2.11 2.61 Jun-14 4.26 2.73 5.01
Sep-04 1.78 1.93 2.58 Sep-14 3.77 2.23 5.17
Dec-04 2.10 2.35 2.89 Dec-14 4.85 2.63 5.57
Mar-05 2.28 1.86 2.45 Mar-15 5.62 2.59 6.61
Jun-05 2.18 2.25 3.01 Jun-15 4.91 2.62 6.20
Sep-05 1.90 1.96 2.41 Sep-15 4.50 2.19 5.55
Dec-05 1.83 1.60 2.72 Dec-15 4.61 2.56 5.76
Mar-06 1.28 1.67 2.52 Mar-16 5.14 2.99 5.91
Jun-06 1.18 0.80 1.74 Jun-16 5.65 3.18 6.40
Sep-06 0.62 0.53 1.78 Sep-16 5.82 3.99 6.05
Dec-06 0.93 -0.06 1.50 Dec-16 5.54 3.18 5.90
Mar-07 0.24 0.16 1.21 Mar-17 4.79 3.44 5.61
Jun-07 0.41 -0.67 0.92 Jun-17 5.26 3.14 6.25
Sep-07 0.59 -0.56 0.99 Sep-17 4.70 3.34 6.03
Dec-07 1.37 0.74 1.62 Dec-17 5.09 3.32 5.35
Mar-08 2.06 1.18 2.31 Mar-18 4.67 3.37 5.47
Jun-08 1.37 1.41 2.38 Jun-18 4.99 3.31 5.61
Sep-08 1.97 1.79 3.09
Dec-08 3.09 3.10 4.85
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Table 4.16 Weighted, filtered metrics by CUKO: Real risk premium  

 

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

Real Risk Premium (%)
Big Cities London Rest UK Big Cities London Rest UK

Mar-99 5.28 6.02 6.55 Mar-09 6.60 6.76 8.13
Jun-99 5.82 5.50 6.34 Jun-09 7.22 6.93 7.33
Sep-99 4.56 5.00 6.00 Sep-09 6.52 6.34 6.66
Dec-99 4.92 5.22 6.42 Dec-09 6.25 6.82 7.47
Mar-00 5.17 4.78 6.25 Mar-10 6.36 5.86 8.00
Jun-00 5.78 4.60 5.53 Jun-10 6.54 6.25 7.01
Sep-00 4.98 4.14 5.78 Sep-10 6.39 5.70 7.65
Dec-00 5.12 4.77 5.36 Dec-10 7.62 6.13 8.31
Mar-01 5.44 4.49 5.53 Mar-11 7.57 5.67 7.82
Jun-01 5.50 4.51 5.45 Jun-11 7.63 5.62 8.34
Sep-01 5.48 4.57 5.55 Sep-11 7.67 5.72 9.20
Dec-01 5.39 4.40 6.20 Dec-11 7.19 6.60 8.78
Mar-02 5.42 4.45 5.99 Mar-12 8.11 6.50 8.15
Jun-02 5.14 4.59 6.20 Jun-12 8.05 6.24 9.56
Sep-02 5.35 4.89 5.60 Sep-12 7.85 6.16 9.06
Dec-02 5.29 5.26 5.92 Dec-12 7.55 6.00 8.79
Mar-03 5.24 5.53 6.24 Mar-13 9.05 6.12 8.77
Jun-03 5.11 5.61 6.17 Jun-13 8.88 6.29 8.71
Sep-03 5.24 5.82 5.98 Sep-13 8.53 5.93 9.21
Dec-03 4.92 5.28 5.48 Dec-13 7.50 5.76 8.45
Mar-04 4.87 5.08 6.28 Mar-14 7.34 5.37 8.36
Jun-04 4.74 5.21 5.72 Jun-14 7.26 5.74 8.00
Sep-04 4.82 4.97 5.62 Sep-14 6.79 5.25 8.19
Dec-04 5.01 5.26 5.81 Dec-14 7.56 5.34 8.29
Mar-05 5.20 4.80 5.39 Mar-15 8.21 5.17 9.17
Jun-05 4.90 4.99 5.71 Jun-15 7.76 5.46 9.03
Sep-05 4.64 4.70 5.15 Sep-15 7.23 4.91 8.27
Dec-05 4.66 4.42 5.55 Dec-15 7.29 5.24 8.45
Mar-06 4.24 4.65 5.49 Mar-16 7.59 5.43 8.29
Jun-06 4.25 3.86 4.80 Jun-16 8.14 5.65 8.90
Sep-06 3.74 3.65 4.90 Sep-16 8.29 6.60 8.61
Dec-06 4.09 3.11 4.67 Dec-16 8.59 6.23 8.96
Mar-07 3.45 3.36 4.43 Mar-17 7.77 6.44 8.63
Jun-07 3.70 2.64 4.19 Jun-17 8.14 6.03 9.13
Sep-07 3.94 2.80 4.34 Sep-17 7.66 6.29 9.02
Dec-07 4.64 3.97 4.90 Dec-17 8.11 6.33 8.36
Mar-08 5.48 4.58 5.70 Mar-18 7.80 6.50 8.61
Jun-08 5.18 5.16 6.10 Jun-18 7.96 6.31 8.62
Sep-08 5.42 5.15 6.57
Dec-08 4.93 4.91 6.59
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4.6.1 Small sample sizes 
In terms of addressing what happens when the sample size falls below a satisfactory number, it 
is important to acknowledge up front that it is a fundamental problem when using transactions-
based measures for commercial property for which there is no straightforward solution. This 
ensures that the action taken is an attempt to mitigate and manage the problem rather than 
remove the issue completely. This remains a fundamental problem, probably even more 
pronounced, for transactions-based measures constructed using the repeat sales technique. In 
this instance, the number of data points will be restricted and the resulting regression resulting 
from the minimal data is likely to be dominated by sales that occur when market activity returns 
to normal levels.  

Having outlined the approach, the next stage was to investigate the extent of the problem. The 
two CUKO’s of London and Rest of UK, for most of the study period, provided samples which 
were sufficient to limit the risk of concentration or a narrow range of prices upon which to build 
aggregated metrics. These markets averaged 38 and 35 transactions per quarter respectively 
and the statistical validity of these will reflect the large sample size as demonstrated later. The 
basic filter applied was to accept a minimum sample size of 10 transactions once the filtering out 
of the largest transactions had been applied as outlined previously. Whenever this was threshold 
was not passed, a figure of 8 was to be deemed acceptable once the range of underlying 
transactions making up the sample had been investigated.  

For London, there was never a quarter when the filtered sample fell below 15 transactions, even 
allowing for the greater filtration applied to this CUKO. On average, 10 transactions per quarter 
were excluded from the aggregated London measures due to their lot size. 

For the Rest of UK CUKO, (including the South East), the sample size was sufficiently large to 
enable the creation of aggregated measures with one exception. In Q3 2009, there were only 9 
transactions recorded in UK markets outside London and Big Cities. In hindsight, this quarter 
would represent the turning point of the broader UK office market and perhaps prove the most 
effective time to buy. This did not happen for reasons of investment process, bank funding, 
existing owners sticking with their assets and the clear perception that prices and the values 
remained both volatile and unpredictable. Nevertheless, there were a limited number of assets 
that were traded across Q3, the details of which are summarised in Table 4.17.  

A clean, formal, measure of performance is often unobtainable for even large markets whenever 
or wherever there is a limited number of comparable transactions to use. This is the primary 
weakness of adopting the repeat sales approach i.e. there is not enough data to obtain a 
sufficient and reliable sample to cover all but the largest investment markets. Part of this issue 
relates to the manner in which data is collated and there is a chance that technological advances 
may improve the reliability of transactions-based measures e.g. through the automatic and 
transparent reporting published by a fully digitised Land Registry. At the present time, however, 
transaction-based measures for the UK commercial market, whether they are based on the 
repeat sales methodology or ‘point-to-point’ transactions are used, as is the case here face this 
hurdle.  

Indeed, one of the features of the property market that is not fully captured by existing appraisal-
based measures is the inability to trade large portions of the market at a given time. Published 
appraisal measures, in addition to the often-discussed smoothing issue, underestimate the 
overall volatility of the market as they cannot always enter and exit in terms of the portions of 
market they would prefer to invest in or disinvest from. This could be captured under the label of 
‘market liquidity risk’ but is a feature of investing in commercial property that should be 
considered as a distinct issue.    
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It is also worth hypothesising about the circumstances in which a limited number of transactions 
might arise. Whenever the market is in balance, expectations are relatively stable and the market 
is perceived to be normal, there exists enough of an overlap of the expectations between buyers 
and sellers to facilitate the completion of deals. The greater the overlap between expectations, 
the greater likelihood is of the transaction happening.  This is explained in detail in Fisher et al  
(2003). There are essentially two scenarios when this relationship falters and in both cases 
market conditions are not regular or normal. Both situations are also reinforced by the ‘long only’ 
nature of the commercial property market where the ability to ‘short’ the market effectively 
remains restricted and largely limited in the specific case of the UK market to the ad-hoc 
application of appraisal-based index derivatives.  

The first hypothesised condition occurs when a given market is booming and prices are rising 
rapidly. Essentially, there are a surplus of buyers and dearth of sellers that is compounded by the 
ownership structure and investment management goals expressed in terms as ‘increasing the 
value of the total assets under management’. This reinforces the scarcity issue and facilitates 
multiple bidding which drives prices even higher. There is, however, a limit on the level a price 
will go to before an existing owner is content to sell. In relation to the study period, you could 
make the case that for the UK and concerning the office market, the periods Q1 2005 – Q3 2007 
and Q4 2013 – Q4 2014 represented markets characterised as boom periods with limited stock 
availability. There were, over these periods, enough transactions to create aggregated measures 
across the three defined markets. The challenge is to investigate the validity of the transactions-
based metrics and compare/contrast with appraisal-based measures over the same period.  

The other market condition likely to create a halt in the scale and number of transactions 
concluded in a commercial property market is a distressed or ‘crash’ situation. This is not the 
same as a downturn. In a summary, downturns reflecting significant falls in prices and future 
expectations often involve newer entrants to markets retreating from recently established 
positions to limit the scale of their losses. Assets at this time are usually acquired by more 
experienced, often larger investors looking to source bargains. In this instance, only one party to 
the transaction is ‘distressed’ and the propensity to transact remains in place for both parties. 

In a more severe market meltdown, the market grinds to a halt as the motivation to trade on both 
sides of the transaction falls away. Many organisations that would like to sell assets and accept 
losses at that time in the expectation that further losses are coming cannot find buyers as the 
investment process associated with buying, including sign-off at various levels of potential buyers 
stalls as ‘blanket bans’ are imposed on any new activity. One of the fundamental reasons for this 
stalling is that in an all-encompassing crash, many of the market participants are not confident on 
what the appropriate pricing level stands at that point in time and where it should be. As already 
noted, the difficulty in selling down or ‘shorting’ the market remains a fundamental challenge for 
the commercial property market given the failure of appraisal-based index derivatives to gain 
sufficient acceptance within the broader industry.  

This presents difficulties for measurement in several ways. There are insufficient transactions to 
produce robust transactions-based measures and the normal repeated sales methodology in 
particular struggles with sample sizes at this point. A lack of transactions also impacts upon the 
effectiveness of appraisal-based measures as they are unrepresentative as they reflect the 
inherent issues of smoothing and incorporation of relevant, comparable transactions into 
appraisal-based measures. These comparative transactions deals might well reflect previous 
deals executed in a different environment that does not describe the market as it stands given 
the timeous change in circumstances. There is also a view that the limited number of 
transactions that do take place are likely to reflect unique circumstances related to the 
buyer/vendor/building itself and are not genuinely ‘arms-length’ deals. The entire concept of 
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‘marking assets to market’ becomes problematical at this stage. Proposed solutions include 
sustainable valuations which reflect long term performance characteristics – effectively reducing 
the fall in value of assets when markets are distressed.  

Extreme markets such as this are likely to represent fundamental turning points and can prove to 
be hugely profitable for organisations willing and capable of operating at such times. Some form 
of measure, therefore, needs to be applied to the quarters with limited sample sizes although it is 
noted that such a measure will not be as robust as would be desired.  

Theoretically, it would be ideal to have a single approach with standardised rules to address this 
issue. This could involve taking previous figures averaged over a defined period, interpolating 
directly from the overall sample or in devising a model that was able to coalesce the underlying 
drivers of the metric into a single logical form. All these avenues were explored. The only 
prescription at the start of attempting to plug the gaps was that no model or methodology could 
be inferred by using data subsequently obtained in relation to the period in question. Any 
methodology would have to be available at the time the relevant metric was calculated.  

Table 4.17 Q3 2009 – Rest of UK office transaction prices and yields 

 

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning  

The first thing to address is the scale of the issue. Less than 10 offices were traded outside 
London and the eleven major city markets across a period of three months. Any possible 
measure, be it transaction or appraisal based is going to be questionable in this environment. 
There was a distinct lack of market evidence upon which any firm views on the efficacy of 
investing in this market could produce as evidence to support that given view. In addition, it is not 
possible to ascertain how long these individual transactions had been agreed prior to the formal 
conclusion of the deal i.e. whether they were agreed a long time prior to Q3 2009, whether there 
has been a price re-negotiation or whether there was a forced sale. 

Interpreting the proposed yield, there is a great deal of uniformity around seven of the nine 
transaction prices ranging between 7.30% to 7.97% with lot size not appearing to present a 
major issue or decisive factor. The yield of 3% stands out as an anomaly although that instance 
passed the bottom 1% filtration process to be included. The weighted average of the filtered 
sample is lower, but the unfiltered sample and sample median are relatively similar numbers. The 
solution employed therefore, was to take the average of those three measures as the metric for 
the aggregated sample along with a sense check as to whether the resulting figure was plausible 
as an indicator of the market at that time given the information that was known up to that point. In 
this instance, a case can be made that the average yield of 7.51% represented a significant 
reduction in yield, or price increase, from the figure calculated in respect of the previous quarter 
(8.41%).  

Q3 2009 - Rest of UK offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

2.35 9.00 2.35 9.00
0.86 7.30 0.86 7.30
4.75 3.00 4.75 3.00
1.15 7.40 1.15 7.40
7.30 7.97 7.30 7.97
9.73 7.70 9.73 7.70
15.50 7.52 15.50 7.52
16.90 7.68 16.90 7.68
28.00 7.85

7.50 7.34 7.68 7.51
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Was this plausible? The samples for both London and Big Cities recorded substantial falls over 
the same period – Indeed the gap between London, Big Cities and the Rest of UK, taking the 
limited sample outlined above, were covered by a mere 33 basis points. This was, for sure, 
different in relation to recent market relativities, but was not totally unprecedented. It is 
reasonable to hypothesise that the transactions represented the acquisition of several high-
quality assets – with four of the 9 transactions reflecting assets of £9.73m or higher, for a price 
which would provide a stable long-term return.  

This entire thesis involves working with whatever market data is available and using that data as 
effectively as possible. Without adopting such an approach, large swathes of the market which 
cannot produce a repeat sales measure or where valuation data is ineffectual and out of date, 
not to say potentially misleading, will not be represented by appropriate analytical metrics. 
Analysing and interpreting markets in this manner, particularly when markets or stressed and 
activity is limited, is surely important and relevant for research analysts to establish views on 
absolute and relative pricing. 

There was one further adjustment made in respect of the aggregated measures calculated for 
the Rest of UK market. This applied to Q3 2012 where a stronger percentile filter was applied to 
limit the impact of one transaction price on the aggregated measure. This involved the reduction 
of the percentile boundary figure from the 90th to 80th, in alignment with the London filter, to 
reduce the number of filtered transactions from 14 to 13.  

With regard, finally, to the CUKO defined as Big Cities, the challenges for that market proved the 
greatest of the three CUKO’s. The approaches taken in respect of the Rest of UK as outlined 
above were broadly followed. In terms of the impact of large transactions on the calculated 
aggregate measure, the percentile filter was reduced for Q4 2009, Q2 2011 and Q3 2011 with, 
again, the filter removing a single transaction which dominated the measure due to its size, 
leaving sample sizes of 13, 11 and 13 respectively.  

Over the course of the study period, the quarterly sample of investment transactions fell below 10 
on seven occasions. The quarters involved and the basic approaches taken are summarised in 
Table 4.18. The full replication of the individual quarterly transaction metrics as produced in 
Table 4.17 in respect of the Rest of UK CUKO is presented in Appendix 1.  

Table 4.18 Big Cities - Quarters with limited samples  

  

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning  

In the case of Q3 2012, the filtered sample of nine assets was accepted following the application 
of a stronger filtration boundary to exclude a higher proportion of assets from the unfiltered 
sample due to domination. For the remaining periods as noted above, the approach previously 
outlined of averaging the filtered, unfiltered and median yields was adopted whilst acknowledging 
that the sample size was not sufficient to represent a fully robust statistical measure. There was 

Big City Yields: reduced sample
Fltrd sample Unfltrd sample Fltrd yield (%) Unfltrd yield (%) Median yield (%) Final yield (%) Action

Sep-08 6 7 6.62 6.64 6.55 6.60 Average of filtered, unfiltered + median
Dec-08 6 8* 6.66 6.87 6.70 6.74 Average of filtered, unfiltered + median
Mar-12 8 9 7.14 7.69 7.88 7.57 Average of filtered, unfiltered + median
Jun-12 7 8 7.34 7.60 7.64 7.52 Average of filtered, unfiltered + median
Sep-12 9 12 7.42 Filtered sample of 9 accepted
Dec-12 9 10 7.20 7.14 8.02 7.17 Average of filtered & unfiltered
Mar-13 7 8 8.31 9.07 7.70 8.36 Average of filtered, unfiltered + median

*Large transaction removed in filtering for dominance
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a further adjustment made in respect of Q4 2012 where the median yield was removed given the 
distortions produced by a few small transactions on the sample contained in that quarter.  

It is accepted that the adoption of several approaches for addressing the issue of limited sample 
sizes involves a degree of subjective intervention. It would be preferable to introduce a uniform 
rules-based approach but the vagaries of the different samples relating to a handful of quarters 
across the whole study period prevented this explicit approach. The pushback, however, remains 
the challenge as to what action should be taken when a small sample size represents the entire 
market activity concluded in any given quarter. Such instances are proven occurrences. Relying 
on appraisal-based measures when market evidence is so limited and is integrated into 
valuations with an unusually high level of subjective judgement are also fraught with danger. This 
process also reflects many of the potential conflicts inherent in the valuation process at a time 
when prices are most volatile, presenting the danger of using statistics that do not reflect the 
broader market, but which appear valid in a superficial sense, given the greater sample 
employed. 

Even though the fundamental problem that such a limited number of transactions occurring in a 
large defined market cannot really be seen to be fully representative of the full investable stock 
stands, there is nothing else at that time to represent the latest movements in market pricing. It 
stretches credulity now, perhaps, to think that, over the course of 6 months in the second half of 
2008, there were only 15 transactions covering the largest eleven city markets outside London 
across the whole UK. Whatever measure is used within that period is going to have its flaws. As 
the ‘average’ property that is being sold changes, particularly when the total number of 
transactions is limited, the transaction-based measure will fluctuate from an average metric to a 
prime/high quality statistic – when only the best assets are traded, to a secondary measure, 
when only the weakest assets are available, and so on. The thesis accepts the limitations of 
using transactions-based measures but challenges researchers, investors and strategists to draw 
appropriate conclusions from the data that is available and seek to exploit the opportunities that 
extreme market conditions inevitably produce.  

On the low sample issue, there were no quarters requiring subjective intervention for London. For 
Rest of UK offices, two interventions were required, one in respect of a small sample size and 
one in extended filtration to reduce the dominance of large transactions. In consideration of Big 
Cities, there were more interventions principally relating to the period in the immediate aftermath 
of the GFC. In all, there were ten interventions, seven relating to sample size and three relating 
to reducing dominance by large assets. That equates to twelve interventions over 234 data 
points (5%) across the full sample and ten interventions in relation to Big Cities across 78 
quarters (13%).  

Whilst the raw measure in relation to intervention in the Big Cities market appears significant and 
was concentrated over a relatively short period, the real challenges in producing a reasonable 
sample size, certainly in terms of the unfiltered dataset were contained in four quarters (8 
unfiltered transactions or less). This is a reasonable level of manual intervention and relates in 
the main to an unusual, if not unique period when the entire globalised financial system failed 
and would have been bankrupted without unprecedented state intervention. Drawing appropriate 
lessons from periods such as this are crucial as the ongoing integration of global financial 
markets is likely to ensure that any systemic breakdown in future will impact on the UK 
commercial property market as it did in between 2007-2009.  

4.7 Stable lot sizes  
One final concern relating to the stability of the data sample is addressed here. As discussed in 
the literature review, one of the fundamental challenges when creating transaction-based pricing 
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measures is that the sample of properties that are traded in each measurement period changes 
every quarter. There is no consistent portion of the market traded over each quarter so the 
movements in pricing that are inferred from changing yields are not based on the same sample. 
This is the principal justification for using the repeated sales methodology in that you can track 
the price swings across a single asset and then aggregate the collection of repeated sales 
measures up into an aggregated statistic.  

The segmentation of standard offices into three separate CUKO’s is in large part to ensure that 
pricing movements are tracked across a body of properties that are as similar as possible. A 
further way to test this is to investigate the average lot size of properties that form the aggregated 
measures. This is a consideration because if the average lot size is not too dissimilar over time, a 
similar sized ‘average property’ traded the following quarter represents a reasonable 
approximation of a stable sample of traded properties. The final stage of this process was to 
remove the impact of the changing yields themselves so that the average lot sizes over time 
could be presented in a form reflecting ‘constant prices’.  

The relationship between average adjusted lot size and the aggregated yield for each of the 
defined markets is presented in Figures 4.19 - 4.21 below. In respect of the Big City and Rest of 
UK markets, there does not appear to be any strong, structural relationship between average lot 
size and the calculated yield. This is not the situation for the London markets where there is a 
clear relationship between large average lot sizes and smaller yields, a factor which is even more 
pronounced when a number of outliers reflecting large lot sizes trading at the bottom of the 
market in 2009 are excluded from the picture. Interpreting the stability of the sample, therefore, is 
more complicated in the case of London.   

 

Figure 4.19 Big Cities – Aggregated yields and adjusted average lot size 1999-H1 2018           
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning  
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Figure 4.20 London – Aggregated yields and adjusted average lot size 1999-H1 2018                        
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning  

 

Figure 4.21 Rest of UK – Aggregated yields and adjusted average lot size 1999-H1 2018           
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning  

This is also made clear in how the average lot size has changed over time. When adjusted for 
movements in pricing, the three markets show a sustained increased in average lot size over 
time with, as expected, the most pronounced increase being in respect of London. 

Upon closer inspection, what is, perhaps surprising, is the actual stability in the adjusted average 
lot size of the Rest of UK market. Since early 2005, the average lot size, with a few inevitable 
bumps in the aftermath of the GFC and in late 2014 has proved relatively stable at around £5m. 
For this market at least, concerns over the volatility of the point-to-point sample, which is the 
fundamental requirement for using repeated sales in transactions-based measures, can to a 
substantial degree be allayed. 
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It is also argued here that the same, in practical terms,, applies to the Big Cities market. It is 
acknowledged that Figure 4.22 shows substantially greater variation in terms of the average lot 
size than was the case with Rest of UK offices. This feature of the chart, however, is somewhat 
exaggerated by data issues where the largest lot sizes coincide with smaller samples. The five 
highest average lot sizes reflect quarters with sample sizes of 16 transactions or lower. 
Furthermore, with specific reference to the Big City CUKO, there is only a weak link between 
price and yield in the underlying data as demonstrated in Figure 4.23. This suggests that the 
variance in terms of the sample size may have less of an impact on pricing than is commonly 
believed and given that the variance is not overwhelming in any event – is there really a major 
difference in the yield when paying £7m or £12m in Birmingham or Edinburgh offices? Certainly, 
this thesis presents the underlying and aggregated data in a manner which the analyst can draw 
their own conclusions as to the depth and validity of the aggregated metrics.  
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Figure 4.22 CUKO’s - Adjusted average lot size over time 1999-H1 2018  
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 
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Figure 4.23 Big Cities - Highest adjusted average lot sizes based on smaller sample sizes  
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

 

Figure 4.24 Big Cities: No overriding link between price and yield in transactions              
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 
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In terms of London, the shift towards larger lot sizes over time is more pronounced and 
statistically relevant as can be seen in Figure.4.21. This is the case even after the additional 
filtering has removed the largest transactions from being inputs into the aggregated measures. In 
addition to minimising the domination of larger lot sizes, the removal of the biggest London 
assets also addresses an additional issue in that the range of potential buyers for huge assets 
e.g. £200m+ is extremely limited. These buyers are often restricted to the likes of sovereign 
wealth funds and the largest REITs. The market for huge assets is therefore expected to reflect 
pricing levels that are beyond the standard market. Evidence is provided for this theory by the 
data drawn after Stage 1 filtering which is presented in Table 4.19. This demonstrates clearly 
how large lot size deals reflect a fundamentally different scale in pricing as defined by the initial 
yield.   

Table 4.19 Aggregated London transaction yields 1999-H1 2018  
 

 

Source: Author’s calculations based on PropertyData database - stage 1 cleaning 

Nevertheless, the growth in average lot sizes is a feature of the market that extends beyond the 
largest transactions as illustrated in Figure 4.21 and the relationship between higher transaction 
prices and lower yields is stronger for London in comparison to the two alternative markets. 
There has been a long-established practice amongst property consultancies to segment the 
London markets by lot size with investor’s preferences for scale and perceived liquidity acting as 
competing drivers which eventually settle and are incorporated into the market clearing price. 
The increase in average lot size, particularly over the past decade, also reflects the large scale 
development and subsequent expansion that has occurred in the London market over that time, 
particularly with regard to the City and the expansion of areas around the fringe of the traditional 
City market which has extended into areas such as the Southbank and Kings Cross.  

The transaction-based measures will pick up these changing patterns within the market in an 
explicit manner as they reflect the stock that is traded as opposed to the situation in appraisal 
based measures which reflect a combination of the stock that is traded plus the greater 
component of assets held within portfolios. In this instance, change will be determined from 
inferring average changes on the larger sample size over time. Finally, the degradation of 
London market samples covered by traditional appraisal-based measures such as IPD (Trevillion 
et al., 2018) is a major challenge that the application of transaction-based measures addresses 
by capturing the deals made by organisations that do not contribute data to the index providers.   

4.8 Summary 
This chapter has outlined the theory and practical procedures devised in the creation of a series 
of point-to-point transactions-based measures based on weighted initial yields for UK (standard) 
office properties.  

It details the transactions-based data sourced from PropertyData and shows how the source 
captures a range of investors beyond the institutions and larger property companies that 
dominate the source databases of traditional appraisal-based measures. It also explicitly 
compares the database of PropertyData with the much larger database produced by CoStar to 
confirm the credibility of the data source.   
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The chapter then explored the literature underpinning the classification on central London office 
markets and highlighted some fundamental changes in the structure of that market that have 
occurred in recent years. The categorisation of major UK offices was also investigated along with 
literature relating to the definition of individual UK office market and how clusters of similar 
markets have been defined. This section of the chapter explained the reasoning behind the 
categorisation of three separate and geographically determined ‘Category of UK Offices’ 
(CUKO’s). These refer to  

 Big Cities 
 London 
 Rest of UK 

The efficacy of these definitions is explored in Chapter 5.  

There were a few practical issues faced in the construction of the database that were addressed 
by three stages of data filtration that included: 

 The requirement for a defined yield measure in the transactions data 
 The removal of portfolio transactions 
 The removal of extreme yield measures, defined as the bottom 1% and top 3% of all 

quoted transaction initial yields 
 When weighting the measures by transaction price, the largest 10%, 20% in respect of 

London assets, were excluded from contributing to the final weighted measures.  

In removing a modest amount of yield data from the analysis, this addressed the problems of 
extreme measures having too much influence on aggregated measures through creating a more 
symmetrical distribution of underlying transaction yields. The benefits derived to the final data 
output from applying the designated filters justify the subjective judgement used in removing data 
that is relevant, potentially, from the final metric construction process.  

The issue of the dominance of large transactions was addressed through the percentile filtration 
of the largest transaction’s prices conducted at the final stage when calculating the weighted 
yields at stage 3. 

The issue of small sample sizes was explored, and measures created for the limited number of 
quarters where this represents a fundamental challenge. The statistical testing of the variables 
outlined in Chapter 5 ultimately validates the approach taken, or not. It is important to note that 
there are no straightforward solutions to this issue that are provided by relying on an appraisal-
based measure. The use of the measures created will be compared with repeat-sales measures 
in Chapter 6.    

Finally, there was an investigation into the change in average lot sizes, reflecting the underlying 
data, adjusted for price changes over the course of the study period. This was in 
acknowledgement of the issue of determining price changes when analysing a non-stable 
sample on every quarter. The analysis showed that this was most notably an issue for the 
London markets and needed to be taken into consideration in the further analysis of the data that 
is presented in Chapters 5 and 6.  
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Chapter 5 Data analysis 
 

5.1 Introduction 
This chapter explores the aggregated data in greater detail and assesses how the data relates to 
the recent history of the UK office market. It then tests the statistical properties of the data at the 
CUKO level.  

The chapter utilises the transaction yield-based database to create ‘price change’ measures and 
estimates of total return over the period Q2 2001 – Q2 2018. It uses the yield measures created 
in Chapter 4 to construct an alternative price change metric. This incorporates the changes in 
yield from quarter-to-quarter with an additional allowance for income growth. It also calculates 
price change measures on a repeat-sales basis, using the original transaction prices source from 
PropertyData.  

The chapter then assesses some of the fundamental issues relating to the creation of 
transactions-based measures in respect of UK offices, identifying strengths and weaknesses of 
the metrics created. The statistical properties of the derived price change measures are also 
discussed.  

The nominal and real risk premium metrics created in Chapter 4 are examined and the 
fundamental change that occurred in 2008 in the immediate aftermath of the GFC. The 
discussion explores how this period represented a structural change in the scale of the risk 
premium. As with the yield measure, the statistical properties of both risk premium variables at a 
market segment level are explored in detail. 

The chapter concludes by addressing several the most eminent issues for investment analysts 
that the interrogation of the newly created transactions-based database has raised.   

5.2 CUKO yields: statistical properties 

5.2.1 CUKO yields: sense check 
The data sourced from PropertyData used to calculate aggregated measures as outlined in 
Chapter 5 was based on initial yields. From the perspective of this thesis, the initial yield is an 
appropriate measure used in the creation of metrics designed to represent the characteristics of 
investable office markets. The reasons given for this are as follows:  

 In the debate over price versus value versus worth for people without and significant 
experience in commercial property terminology, the label price is more easily understood 
for comparing across assets. This is of relevance for asset allocators who have, for many 
years, attempted to incorporate commercial property metrics into models when they are 
not comparable. Minimising the mismatches across asset classes, wherever possible, is 
a fundamental aim of this research project.  

 To emphasise, in terms of comparability with other asset classes, the initial yield reflects 
the existing contracted monetary distribution that is received i.e. the cash that is banked 
for owning the asset at a particular point in time. This is more directly comparable with 
dividend and coupon receipts from other asset classes. 

 The transactions-based metrics for this thesis are to be constructed to define a 
statistically justifiable measure of average/standard market pricing and performance. This 
then allows for the defined range around those metrics to be explained by variables that 
relate to the individual property i.e. asset specific risk. Many of the metrics that refer to 
asset specific risk relate to the leasing structure in terms of length, covenant strength, 
etc. Stepped rents, indexation and tenant covenant strength will, or more accurately 
should, show up as deviations from the ‘market average’ figure provided.  
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 In this context, reversionary potential, as defined by the relationship between the 
contracted rent and existing market rent should also be analysed at this level. To explain 
the intuition behind this, an investor would pay a lower initial yield relative to the existing 
market rent when this was supported by other fundamentals such as the tenant and 
quality of the building. They are less likely to do so if the complementary metrics are 
inferior. Whilst further research in this area will be required to fully determine the 
relationship between contracted and market rent, ranging from highly reversionary to 
over-rented leases, it is reasonable to assume that reversionary potential is not an 
isolated or unique variable and should be integrated with other explanatory variables 
accordingly. In this case, the asset level or decomposition of asset specific risk is the 
appropriate level.     

 As demonstrated in Burston and Burrell (2015), the use of equivalent yields requires a 
substantial adjustment to create income/total return metrics. The use of initial yields 
reduces the scale of intervention required. The process of estimating income and total 
return estimates is covered in this chapter. 

 Utilisation of current market rental values, as would apply with an equivalent yield, 
introduces the issue of subjectivity on the market rental value at the time of the 
transaction. The contracted rent underpinning the initial yield measure has a fixed 
definition that is clear at an asset level       

 Data availability – the metrics received from Property Data are based on initial yield 
definitions. The logistics required in converting the thousands of UK office initial yields to 
an equivalent basis are beyond the scope of this study 

The weighted yield measures at CUKO level are presented graphically over the study period in 
Figure 5.1. This chart conveys several themes covering the study period: 

 A higher level of volatility in comparison to traditional appraisal-based measures 
throughout the study period 

 A narrowing margin in yield between London and other UK markets in the early 2000s 
 A rapid decline in yields across markets, reflecting rising prices, over 2004-2007 
 An even sharper increase in late 2007/early 2008 across markets as the property market, 

crashed in the wake of the GFC 
 Big Cities sustained a premium (lower yield) over the Rest of UK 
 As prices started to recover post GFC, London did so at a far quicker rate than other UK 

markets. A considerable gap in pricing between London and alternatives emerged 

 Big City and the wider UK started to record price increases/falling yields from 2014 but 
the margin against London never narrowed to the extent experienced in the early 2000s 

 The decline in London yields, reflecting a sustained period in rising prices, came to a halt 
at the end of 2015. Since then, London yields have stabilised at, in terms of the study 
period, a historically low level. Prices, in the context of the study period, remain high at 
the end of that period.  
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Figure 5.1 Transaction yields by defined CUKO 2000-H1 2018                      

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning
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The headline yield metrics in isolation therefore can be reconciled with market experience of the 
time. Jones et al (2018) explore in detail the run up to the GFC and noted how excessive lending 
within the property market, perhaps targeting the risk adjusted returns purportedly available as 
outlined in Chapter 3 turned out to be illusory. The squeezing of office yields in non-London 
markets relative to London was picked up in the performance data produced by the likes of IPD, 
CBRE and JLL as was the differential bounce-back London recorded in comparison to other UK 
office markets from mid-2009 onwards. The yield metrics, therefore, pass an initial test for 
plausibility and relevance in that they capture the major trends occurring in the UK office market 
over the study period.  

5.2.2 CUKO yields: Statistical properties: normality 
The next stage of the analysis was to explore the statistical properties of the CUKO measures 
before undertaking more forensic market analysis with them. Chapter 4 considered the statistical 
properties of the full sample at different states of filtration.  

The first statistical tests of the aggregated yield measures relate to checking whether the 
dispersion around the headline average measure passes the standard tests of normality. The 
variables created Chapter 5 were never likely to perfectly replicate the conditions of normality, 
given variable sample sizes. Nevertheless, the passing the Shapiro-Wilk13  test enables a range 
of statistical tests and checks to be undertaken on the data. This will allow inferences to be 
drawn from the data using defined confidence levels.  

The headline statistics for weighted transaction yields across the three CUKO’s covering the full 
study period across are presented in Table 5.1. Three histograms illustrating the range of yields 
across the study period are contained in Figure 5.2.  

The immediate consequences stemming from Table 5.1 and Figure 5.2 is that the Big City and 
Rest of UK markets (allowing for the relatively small number of data points upon which to state a 
conclusion on the nature of a distribution) passed the Shapiro-Wilk tests for normality when 
considered at a 5% confidence level. The tendency towards normality as covered by these 
statistics was stronger in the case of Big Cities rather than the Rest of UK. This is demonstrated, 
visually, in both histograms where the highest concentration of yield measures was clustered 
around the average. Again, whilst not perfect, the measures for both kurtosis and skewness as 
reported were acceptable for these metrics to be interrogated as if normally distributed.  

The result of this test, however, was different in respect of the London office category. In this 
case, the standard tests for normality were not passed and the scale of kurtosis, used to 
measure the degree of the distribution contained in the edges or tails was higher than would 
normally be acceptable. The histogram pinpoints the issue visually in defining a mode of yields at 
the far left of the distribution indicating a concentration of low yields (high prices) that do not fit 
the normal distribution profile. It is therefore not possible at this stage to draw the standard 
statistical inferences in relation to London as it is with the other two markets. 

 

 

 

                             

 
13 The test is explained in many statistical guides or textbooks. For the specific use in relation to SPSS, 
https://www.sheffield.ac.uk/polopoly_fs/1.579181!/file/stcp-marshallsamuels-NormalityS.pdf provides a clear 
explanation.  
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Table 5.1 CUKO transaction yields: Summary statistics Q1 1999 – Q2 2018 

  

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

 

 

 

 

 

CUKO transaction yields: Summary statistics Q1 1999 - Q2 2018

Case Processing Summary
Valid % Missing % Total %

Yield
Big Cities 78 1 0.00 0 78 1
London 78 1 0.00 0 78 1
Rest of UK 78 1 0.00 0 78 1

Descriptive statistics
Big Cities
Statistic Std. Error Statistic Std. Error Statistic Std. Error

Mean 6.94 0.09 6.02 0.13 7.72 0.09
95% Confidence Interval for Mean Lower Bound 6.77 5.77 7.55

Upper Bound 7.11 6.27 7.90
Median 6.89 6.03 7.80
Variance 0.57 1.23 0.59
Std. Deviation 0.75 1.11 0.77
Minimum 5.14 4.04 6.09
Maximum 8.36 8.05 9.34
Range 3.22 4.01 3.25
Interquartile Range 1.06 1.96 1.04
Skewness -0.25 0.27 -0.06 0.27 -0.38 0.27
Kurtosis -0.36 0.54 -1.20 0.54 -0.43 0.54

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Yield Big Cities 0.052 78 .200* 0.983 78 0.399

London 0.103 78 0 0.951 78 0.004
Rest of UK 0.068 78 .200* 0.973 78 0.096

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

London Rest UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Figure 5.2 CUKO transaction yields: Histograms Q1 1999 – Q2 2018 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 
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The skewed distribution obtained in respect of London has been explored further. One 
hypothesis to test is whether the sustained period of low yields/high pricing recorded since 2014 
could account for skewing the distribution over the course of the entire study period. To test this, 
the dispersion analysis was rerun for London over the period Q1 1999 – Q3 2015. The summary 
statistics and histogram are presented in Table 5.2 and Figure 5.3 respectively. This period was 
chosen as the cut-off as the following three quarters showed pricing stability with the weighted 
London yield moving by a mere handful of basis points. Whether a few quarters are added or 
subtracted from the analysis presented next made limited difference to the published results.  

Table 5.2 London transaction yields: Summary statistics Q1 1999 – Q3 2015 

 

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

 

 

 

London transaction yields: Summary statistics Q1 1999 - Q3 2015

Case Processing Summary
Valid % Missing % Total %

Yield 67 100.00 0 0.00 67 100.00

Descriptive Statistics 
Statistic Std. Error

Mean 6.26 0.12
95% Confidence Interval for Mean Lower Bound 6.01

Upper Bound 6.50
Median 6.35
Variance 1.02
Std. Deviation 1.01
Minimum 4.04
Maximum 8.05
Range 4.01
Interquartile Range 1.52
Skewness -0.30 0.29
Kurtosis -0.76 0.58

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
London 0.083 67 .200* 0.971 67 0.120

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Figure 5.3 London transaction yields: Histogram Q1 1999 – Q3 2015 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 

It is clear from this analysis that the final two and a half years of the study period have 
represented a material change in the scale of London investment yields. The removal of those 
final 11 quarters resulted in the London yield measure, whilst far from symmetrical, now passing 
the Shapiro-Wilk normality test at the 5% confidence level for the study period prior to that point. 
The impact on the distribution can be seen, both visually in terms of a comparison of the 
histograms in Figures 6.2 and 6.3. The distribution now appears more symmetrical, and there is 
a significant change in the sample mean that increases to 6.26% from 6.02%. There was also a 
substantial reduction recorded for the inter-quartile range measure but not the total range.  

One final piece of analysis considering the distribution of CUKO yields is contained in Appendix 
2. This Appendix details the underlying distribution of the individual transaction yields, following 
Stage 3 filtration, contributing to the aggregated metrics of the three CUKO’s. What the figures in 
this appendix show is that when considered on a quarterly basis, the underlying unweighted 
yields display a tendency towards normality that might appear somewhat surprising. The Big City 
sample passes the Shapiro-Wilk at a 5% level of significance in 66 of 78 quarters (85%) and the 
comparable statistic for Rest of UK properties is 65 (83%).  

For London, the picture is again slightly different in that the standard Shapiro-Wilk test only 
passes the normality threshold for the test in 50 of 78 quarters (64%). However, London yields 
have a tendency towards a lognormal distribution reflecting many transactions containing lower 
yields. When the individual transaction yields for London offices were converted into log form, the 
revised measures passed the 5% level Shapiro Wilk test in 70 of 78 quarters (90%). These 
measures are illustrated in Appendix 2 and, whilst not perfect, infer a degree of support of 
normality for the metrics created from the database. This enables the use of a range of statistical 
techniques that have long proved problematical when used in the interrogation of appraisal-
based measures.  
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5.2.3 CUKO yields: Statistical properties: Significant differences 
The second stage of testing the aggregated yield measures was designed to determine whether 
the average yield metrics of the three markets were different from each other in a statistical 
sense. The analysis is summarised in Figure 5.6. This will help ascertain whether the three 
defined market sectors can demonstrate differential levels of pricing over the study period.  
The figures presented in respect of London cover up to and including Q3 2015 in order that the 
comparisons do not fail the normality criteria at a 5% level. The numbers shown in Table 5.3 
demonstrate that the yields of the three markets are different in a statistical sense. They also 
follow the correct theoretical order with London priced with the lowest yields, followed by Big 
Cities and Rest of UK recording the highest yields. This is not to say that the positions can never 
change. For example, Figure 5.1 shows that in the first half of the 2000s, there was a sustained 
period when Big City yields were lower than or at a similar level as those recorded in respect of 
London. The range of yields between the markets, has, however, changed substantially across 
time.  
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Table 5.3 Comparison of average yield by CUKO 

 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning   

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 67 7.02 0.77 0.09

London 67 6.26 1.01 0.12

Lower Upper

Equal variances assumed 7.59 0.01 4.92 132 0.00 0.76 0.15 0.46 1.07

Equal variances not assumed 4.92 123.363 0.00 0.76 0.15 0.46 1.07

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 78 6.94 0.75 0.09

Rest UK 78 7.72 0.77 0.09

Lower Upper

Equal variances assumed 0.05 0.82 -6.48 154 0.00 -0.79 0.12 -1.03 -0.55

Equal variances not assumed -6.48 153.950 0.00 -0.79 0.12 -1.03 -0.55

Num. qtrs Mean Std. Deviation Std. Error Mean

London 67 6.26 1.01 0.12

Rest UK 67 7.82 0.78 0.09

Lower Upper

Equal variances assumed 7.63 0.01 -10.03 132 0.00 -1.56 0.16 -1.87 -1.25

Equal variances not assumed -10.03 123.820 0.00 -1.56 0.16 -1.87 -1.25

Yield

Group Statistics

CUKO

Yield

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Yield

Group Statistics

CUKO

Yield

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Yield

Group Statistics

CUKO

Yield

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference
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5.2.4 Segment yields: Statistical properties: Stationarity  
The final stage of statistical testing for the aggregated yield measures based upon transaction 
yields investigated whether the aggregated and weighted CUKO yields could be statistically 
identified as being stationary or whether they possessed the statistical properties of a random 
walk. If the properties of a random walk were encountered – even allowing for the comments in 
3.2.1 re the subsequent impact of the EMH, this would directly challenge one of the major 
‘perceived wisdoms’ held in respect of commercial property as an investment class. Market 
practitioners and investors alike maintain a clear perception that returns and prices, being 
cyclical, are inherently predictable and must therefore, to some extent, be stationary. Testing this 
explicitly utilising transaction prices would show whether this was indeed the case. This also 
enables a direct comparison to be made against other mainstream asset classes. Stock prices by 
contrast are seen to follow a random walk process, essentially implying that future price 
movements cannot be inferred from previous price movements and therefore, market forecasts 
of future pricing are not possible. Indeed, this is the basis for the long debated efficient markets 
hypothesis as discussed in Chapter 2. The property of following a random walk summarises the 
concept of weak form efficiency i.e. past movements cannot predict future movements.  

The testing for stationarity or the alternative hypothesis where a time series of data, in this case 
the aggregated yield measure, is not stationary was conducted through using the augmented 
Dickey-Fuller test. The underlying theory behind the detail underpinning these tests is covered in 
a few statistical or econometrics texts e.g. (Brooks, 2008). In summarising how the test is applied 
here, the Augmented Dickey Fuller tests represented a unit root test where the null hypothesis 
was that the time series possesses a unit root and could not be stationary. There are three 
versions of the Dickey Fuller test and the one selected for the aggregated yields represents type 
1 where there is a constant but no trend14. This is shown in Equation 5 as:   

    
Equation 5: Type 1 Advanced Dickey-Fuller test 
 
   Δyi = β0 + β1 yi-1 + ε where 

   Δyi  =  the change in yield at time i 

β0          =  constant 

β1 yi-1 = regression coefficient representing previous yield. (This figure                                                           
will be <0 represent a unit root if =1 and will  

ε       = random error term   

The test reflected the regression with the change in yield over a quarter set as a dependent 
variable that was regressed against the previous yield. The statistical relationship between the 
co-efficient was then compared with the (higher) critical tau statistics shows in the Dickey Fuller 
table. If the coefficient was not significant i.e. if it is not lower than the critical figure, then the null 
hypothesis could not be rejected and there was the acceptance that the time series was not 
stationary and had a unit root. If the test statistic was lower than the critical figure, the test result 
was significant, the null hypothesis rejected, and the time series classed as stationary. A 
summary of the Dickey Fuller critical tau values is illustrated in Table 5.4: 

 

 
14 http://www.real-statistics.com/time-series-analysis/autoregressive-processes/augmented-dickey-fuller-
test/ 
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Table 5.4 Dickey Fuller test: Critical values 

 

Source: http://www.real-statistics.com/statistics-tables/augmented-dickey-fuller-table/  

The regression output for the type 1 tests is contained in Tables 5.5 – 5.8. In the case of London, 
the study period was split into the two separate periods of Q1 1999 – Q2 2014 and Q3 2014 – 
Q2 2018 in order to confirm the findings over the full study period were the same when compared 
with what would have been suggested when the sample of London yields was not inconsistent 
with normality.  

Table 5.5 Dickey Fuller test – Big Cities Q1 1999 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData database filtered by stage 3 

cleaning 

Whilst substantial, the t statistics do not fall below the critical threshold at the standard 5% level. 
They are, however, significant at a 10% level suggesting there is a tendency, but a statistically 
weak one, towards stationarity.  

 

 

 

 
 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.29
R Square 0.09
Adjusted R Square 0.07
Standard Error 0.44
Observations 77

ANOVA
df SS MS F Significance F

Regression 1 1.35 1.35 7.14 0.01
Residual 75 14.21 0.19
Total 76 15.56

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.22 0.46 2.63 0.01 0.29 2.14 0.29 2.14
Yield -1 -0.18 0.07 -2.67 0.01 -0.31 -0.05 -0.31 -0.05
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Table 5.6 Dickey Fuller test – London Q1 1999 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData database filtered by stage 3 

cleaning 

In the case of London, allowing for the distribution, the results are not significant at any defined 
confidence level. The null hypothesis, therefore, cannot be rejected and the time series was 
classed as non-stationary with a unit root i.e. it follows a random walk. Again, these figures in 
respect of London need to be considered with the non-normal nature of the distribution over the 
full study period, as shown in Figure 5.2, in mind. 

Table 5.7 Dickey Fuller test – London Q1 1999 – Q2 2014 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData database filtered by stage 3 

cleaning 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.21
R Square 0.05
Adjusted R Square 0.03
Standard Error 0.39
Observations 77

ANOVA
df SS MS F Significance F

Regression 1 0.54 0.54 3.56 0.06
Residual 75 11.44 0.15
Total 76 11.99

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.42 0.25 1.68 0.10 -0.08 0.91 -0.08 0.91
Yield -1 -0.08 0.04 -1.89 0.06 -0.16 0.00 -0.16 0.00

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.27
R Square 0.07
Adjusted R Square 0.06
Standard Error 0.40
Observations 61

ANOVA
df SS MS F Significance F

Regression 1 0.77 0.77 4.70 0.03
Residual 59 9.61 0.16
Total 60 10.38

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.77 0.38 2.03 0.05 0.01 1.53 0.01 1.53
Yield -1 -0.13 0.06 -2.17 0.03 -0.24 -0.01 -0.24 -0.01
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For the sample that passed the Shapiro Wilk test for normality at the 5% level, the measures for 
the t statistics, as with the full study period sample were once again not significant. The null 
hypothesis that there is a unit root cannot be rejected and the time series is not stationary. This 
essentially confirmed the findings of the full sample.    

Table 5.8 Dickey Fuller test –London Q3 2014 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData database filtered by stage 3 

cleaning 

It must be acknowledged that the period Q3 2014 – Q2 2018 represents a short period of 
analysis upon which to base any conclusions. Nevertheless, the t statistics show significant 
results more than the 1% level suggesting that the London has moved to stationary pricing over 
the past three years. This represents a major change from the preceding 15 years. This presents 
opportunities for modelling which will be discussed in the concluding chapter.  

Table 5.9 Dickey Fuller test – Rest of UK Q1 1999 – Q2 2018 

 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.72
R Square 0.51
Adjusted R Square 0.48
Standard Error 0.22
Observations 15

ANOVA
df SS MS F Significance F

Regression 1 0.64 0.64 13.75 0.00
Residual 13 0.60 0.05
Total 14 1.24

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 4.44 1.20 3.70 0.00 1.85 7.04 1.85 7.04
Yield -1 -0.99 0.27 -3.71 0.00 -1.57 -0.41 -1.57 -0.41

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.33
R Square 0.11
Adjusted R Square 0.10
Standard Error 0.47
Observations 77

ANOVA
df SS MS F Significance F

Regression 1 2.02 2.02 9.03 0.00
Residual 75 16.81 0.22
Total 76 18.84

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.63 0.55 2.95 0.00 0.53 2.72 0.53 2.72
Yield -1 -0.21 0.07 -3.00 0.00 -0.35 -0.07 -0.35 -0.07
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Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData database filtered by stage 3 

cleaning 

The statistics for the Rest of UK sample are significant at the 5% level. The null hypothesis of 
non-stationarity is therefore rejected so the variable is considered to be stationary.  

In summarising the stationarity testing for CUKO yields, the Rest of UK time series is stationary 
across the study period, the Big City sample reported a tendency towards stationarity over the 
study period whilst the London sample, over the full study period and when considering the 
period the metric did not fail the normality test i.e. Q1 1999-Q4 2014  followed a random walk 
process. This finding, however, has changed markedly in recent years with London reporting 
stationary pricing over the final years of the study period. 

The statistical tests conducted in respect of the segment yield metrics therefore produced 
evidence that the defined markets produced different levels of pricing over the study period to a 
statistically significant degree. The two non-London markets passed standard tests for normality. 
The non-normality recorded in respect of the London CUKO was driven, to a significant degree, 
by a sustained period of stable low yields concentrated at the end of the study period. This has 
wider implications for modelling and determining an appropriate price for London assets. The 
sustained nature of the low yields recorded since 2014 suggests that a pricing threshold has 
been breached and a ‘new normal’ has been established. Part of the explanation lies in the 
modest long-term return requirements for a range of investors, including sovereign wealth funds, 
as was covered by Burston & Burrell (2015). London is now competing against a small number of 
global cities for international capital and the scarcity of available stock has and continues to 
produce downward pressure on the level of yields in that market. This also means smaller 
domestic investors, used to requiring a level of return more in keeping with traditional IPD 
averages will struggle to gain access to this market. The deleterious impact on the MSCI London 
sample was picked up as a specific issue in Trevillion et al (2018).   

5.2.5 Converting aggregated yields into performance measures 
The movement in yields can tell a commercial property investment analyst something but the 
most relevant metric for those same analysts will always be relating to how the variable is 
changing over time. This thesis is using transaction yields to infer market performance over the 
study period. The next stage of analysis therefore required the conversion of headline yield 
figures into a price change variable. This would also enable the testing of whether the 
autocorrelation issue that presented a serious challenge to traditional appraisal-based metrics as 
discussed in Chapter 2 had been addressed.  

In addition, the measurement of market price changes over time needed to be compared with the 
appraisal-based measures that continue to be used within the industry. The recent IPF paper on 
benchmarking practices (Trevillion et al, 2018) highlighted concerns over the degradation of the 
benchmark sample over time. Nevertheless, all the interviewees in respect of this report stated 
that they continued to use appraisal-based measures. Many stated that these measures placed 
commercial property well relative to other alternative asset classes and that the data was 
invaluable for portfolio analysis and strategy. A comparison therefore had to be made with 
appraisal-based measures with different and similar findings articulated and explained.  

The price change indices for the three defined markets was constructed by defining a price 
change metric that took a change in the weighted average yield over the quarter and expressing 
that change of yield as a proportion of the current yield as per the formula presented in Equation 
6.  
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Equation 6: Calculating price change per quarter 

 

 

This first half of the equation is very similar to IPD/MSCI’s yield impact measure as outlined on 
p21 of   
https://www.msci.com/documents/1296102/1378010/Indexes+and+Benchmark+Methodology+Gui
de.pdf/bfbd2637-581d-411e-bd5f-34d0d2b6b9c1. The major difference was the transactions-

based measures were created without having a consistent sample such as the IPD measure 
contained. Once constructed, these measures were converted into an index that enabled the 
straightforward construction of chain-linked measures that can be calibrated to any specific time 
within or across the full study period.  

The second half of the equation reflects the fact that the basis of the initial yield calculation i.e. 
the contracted rent payable by the tenant will change over time. The standard assumption in the 
industry and reflecting how valuation practice is taught from first principles is that the rent will 
revert to the market rent at review. Rather than using market rental value growth reflecting 
contemporaneous market rental values, the price change measure must be reflected through the 
contracted rent payable. MSCI/IPD have a measure that captures this issue – Net operating 
income growth - (previous iterations have included grow income growth and net income growth). 
This shows changes in the level of operating rental income which forms the basis of the initial 
yield calculation. The quarterly growth figure is halved to imply an average level of growth over 
the period as transaction prices agreed at the start of the quarter will reflect the original 
contracted rent whilst transactions agreed at the end of the quarter are based on the figure 
adjusted for net income growth recorded over that quarter. The calculation of the adjusted net 

Δyld = - (Δyt/Yt) w here 

Δyld = the change in weighted yield over a quarter

Δyt  = the change in yield between time t and time t-1

Y t    = Current transaction yield

This result is then converted to an index (ΔYldIndex)

ΔPriceIndex = ΔYldIndex * ((1+ΔNIG)^0.5)) where

ΔPriceIndex = the change in price index over a quarter

The index is then inflated by half of the cumulative 
income growth recorded over the quarter 

ΔNIG = the change in net operating income over a 
quarter
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income growth index is then used to inflate/deflate the index established in the first part of the 
equation to complete the calculation of price changes.  

For London, the Central and Inner London net operating income growth figure is used. For Big 
Cities, the Rest of UK definition applied by MSCI is taken and for Rest of UK offices, the average 
growth figure across the Rest of UK and Inner/Souter South East definitions is applied.  

Price changes, however, are not sufficient on their own. Investors are predominantly concerned 
with the total return a specific investment or category of investment produces. This includes the 
income received from owning an asset, dividends in respect of shares or coupon receipts in 
respect of bonds. This is even more relevant for commercial property as the rental income 
receipts that are obtained through ownership are the fundamental driver of investment 
performance. This is true for whatever vehicle or ‘wrapper’ the direct property assets are held 
under. The scale of income returns relative to the distributions received from other asset classes 
combined with the seniority of the claim relative to dividends i.e. companies have to fulfil their 
contracted rental obligations before they can declare profits and pay dividends, remains one, if 
not more realistically the most, important rationale for investing in commercial property. 

Calculating a proxy measure relating to the income received from ownership from commercial 
property in relation to the use of transactions-based measures as proposed by this thesis was 
not straightforward. There was no income receivable data available from the transactions data, 
nor any facility within this thesis for recording income receipts and relevant expenses as is the 
case for the MSCI/IPD database. This collates all these measures at an asset level and then 
aggregates up these variables into various sectors and the broader market. This is how the 
numerator is constructed for the MSCI income return measure as outlined on page 15 of   
https://www.msci.com/documents/1296102/1378010/Indexes+and+Benchmark+Methodology+Gui
de.pdf/bfbd2637-581d-411e-bd5f-34d0d2b6b9c1.. This also formed the basis for the calculation of 

the Cyclically Adjusted Price Earnings (CAPE) ratio analysis produced by Burston & Burrell 
(2015).     

The option taken in respect of this thesis, therefore, was to construct a proxy measure or 
estimate which was both plausible and relevant with a sense check conducted, if possible, 
against the fully defined and validated market measure. Nevertheless, a potential solution, which 
might appear rudimentary, was available in using the headline transaction yield itself, in this case 
obtained from transactions prices, as constituting the main proxy for the income return. This 
involved tracking the changes over time and adjusting the variable, through a series of 
assumptions, to arrive at a methodology that produced a measure which mirrored, as full as is 
realistically possible, the experience of net rental receipts generated by investment property.  

The principal justification for using initial yields as a proxy for income return is in their proven 
relationship. Figure 5.4 provides a specific example of this relationship relevant for the thesis. 
The defined segment of properties refers to in Central and Inner London offices. The data 
contains the quarterly appraisal-based data produced by MSCI that covers the period from March 
2002 – June 2018. The initial yields at quarter end and the previous quarter end are averaged, to 
estimate income received across the three months of a quarter, and then divided by 4 to convert 
an annual into a quarterly estimate of income return. These measures are then compared, 
directly, with the quarterly income return.  

 



139 
 

 

Figure 5.4 Initial yields are an effective estimate of income returns 
Source: MSCI Quarterly Property Index June 2018 

The correlations between initial yields and income return for the detailed regional breakdown of 
standard offices produced by MSCI are presented in Table 10. The correlation between Central 
and Inner London offices stands at 0.99 with the comparable statistic for the Rest of UK office 
segment stands at 0.96. Given the high figures reported in Table 5:10, it is reasonable to take the 
initial yield as the underlying measure in creating an estimate for income return.   

Table 5.10 Correlation between initial yields and income return: UK standard offices 
 

 

Source: MSCI UK Quarterly Property Index June 2018 

Moreover, for all the standard office segments referred to above, the initial yields produced an 
estimate of an income return higher than the actual figure. This makes sense as the yield figures 
contain the contracted rent relative to the capital value at the end of the measurement period. It 
cannot account for revenue expenditure and costs incurred over the measurement period which 
the income return figure, based on the net income received over the period, does. Given the 
stated objective of the thesis to derive straightforward, but relevant estimates of performance of 
the UK office market, the relationship between the measures outlined in Figure 5.4 can be used. 
Table 5.11 quantifies the differences between the initial yield estimates and income return figures 
for the defined detailed offices segments. The differences in absolute terms are small e.g. for 
Central and Inner London offices, the quarterly average estimate of income return of 1.6% 
compares with the published figure of 1.5%. This does, however, represent a difference of 9%, 
on average, between the two measures.  
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Table 5.11 Differences between initial yields and income return: UK standard offices 

 

Source: MSCI UK Quarterly Property Index June 2018 

For this thesis, the estimate of income return for London will be reduced by 9% and 4.5% for Big 
Cities and the Rest of UK, reflecting the dominance of Central London and the average figure for 
the South East and Rest of UK included comes to a number almost identical (4.47%) compared 
with the Rest of UK figure, in isolation, of 4.45%. Statistical tests have been run on the difference 
figures referred to and the tests for normality were not rejected, indicating that using an average 
difference in adjusting the estimate of income return is both logical and reasonable. These 
figures are provided in Table 5.12. It is appreciated that the MSCI figure for UK offices will blend 
the prime city market figures with more secondary and peripheral locations.  

Table 5.12 Normality tests for % differences - initial yields & income return: UK std offices 

 

Source: Author’s calculations, MSCI UK Quarterly Property Index June 2018 

The process of creating an income return type of measure is outlined below: 

 

Ctrl & Inn. London Rest London Inn. SE & Estrn Otr. SE & Estrn Rest of UK
Average Difference 0.11% 0.10% 0.10% 0.05% 0.07%
Median Difference 0.10% 0.10% 0.10% 0.05% 0.08%
Std Deviation Difference 0.05% 0.09% 0.06% 0.09% 0.07%
Average % Difference 9.02% 6.85% 6.06% 2.90% 4.45%
Median % Difference 8.63% 5.91% 5.61% 3.65% 4.75%
Std Deviation % Difference 3.49% 6.71% 4.40% 5.06% 4.60%

MSCI definition Statistic df Sig. Statistic df Sig.
Central & Inner London 0.087 66 .200* 0.984 66 0.568
Rest London 0.085 66 .200* 0.978 66 0.284
Inner SE & Eastern 0.098 66 0.187 0.974 66 0.174
Outer SE & Eastern 0.085 66 .200* 0.978 66 0.296
Rest of UK 0.063 66 .200* 0.971 66 0.121

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Kolmogorov-Smirnov(a) Shapiro-Wilk
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The 9% and 4.5% reductions referred to above should be a starting point that can be developed 
and refined in future analysis. The figures are estimates that incorporate professional experience 
relating to the scale of standard maintenance costs as well as periodical charges such as rent 
review fees. There is also an assumption that the initial yields will incorporate a level of vacancy 
for multi-let properties This will be lower than the overall vacancy rate as fully vacant buildings 
were removed from the analysis at stage 2 of filtration in Chapter 4. Rent free periods will also be 
implicit in the initial yield metric on multi-let estates. The overall estimate also strikes a balance 
between high and low vacancy rates over the study period.  

The metrics should be estimates and their usefulness and plausibility compared to traditional 
valuation-based methodologies assessed. The only fool-proof method of devising a clean income 
return measure, e.g. for benchmarking purposes, is to utilise the accounting data at an individual 
asset level, again, in alignment with Burston & Burrell (2015). That process is beyond the scope 
of this study but could be considered as part of a further research agenda,  

The construction of the income return metric also enabled the calculation of a total return 
measure. This was created by simply adding the price change measure to the contemporaneous 
income return to calculate a total return measure for the specified quarter. As with the other 
market movement measures, the quarterly percentage measure was converted into a chain-
linked index. This process enabled the construction of a performance measure more in alignment 
with the actual investor experience that was more directly comparable with those available in 
respect of alternative assets classes, both mainstream and alternative.  

The data for the three CUKO measures of price movement, income return, and total return are 
presented in Table 5.13, Table 5.14 and Table 5.15 respectively. The indices for price change 

·         The weighted transaction yield was converted into a quarterly figure to mimic the gross cash flow that would have been 
receivable in respect of that market yield over the relevant quarter. 

·         This yield figure was then reduced by the figures referred to in Table 5.11 (9% and 4.5%) to reflect the defined 
statistical relationship between estimates of income return using initial yields and the published MSCI figure. 

·         The reduction referred to also accounted for a portion of the investable market that stood wholly or partly vacant, given 
purely vacant assets with zero yields were removed from calculating the aggregated yields at Stage 2 of filtration process 
as outlined in Chapter 5. 

·         The reduction figure is open to being adjusted by the practitioner to account for other expenses such as spending on 
vacant units and can be tailored to the individual markets.

·         The full vacancy rate figure would not need to be applied as a large portion of vacant units in partially let buildings 
would be captured in the initial yield metric underpinning the transaction-based figures  

·         This reduced income figure was then assumed to represent the net ‘cash flow’ received over the quarter. 

·         This implied ‘cash flow’ was converted into a percentage that represented the quarterly estimate for income return or 
rental income return

·         These percentage measures were then then converted into a chain-linked index. 

·         As the yield was based on the rent/price relationship at a specific point in time and refreshed each quarter, there was no 
need to adjust the underlying denominator or try and approximate capital employed in another way  .
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and total returns are illustrated in Figure 5.5. The figures start from June 2001 reflecting the 
earliest date the quarterly MSCI net operating income growth figures were available.  
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Table 5.13 Weighted, filtered metrics by CUKO: Price Change (%per quarter) 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property  Index    

 

Price change per quarter (%)
Big Cities London Rest UK Big Cities London Rest UK

Jun-01 -5.71 -5.48 -2.85 Mar-10 1.83 16.58 -3.12
Sep-01 4.60 2.37 2.07 Jun-10 -4.36 -4.12 11.66
Dec-01 3.23 4.85 -6.12 Sep-10 3.84 8.39 -7.51
Mar-02 0.00 0.08 2.36 Dec-10 -15.94 -4.21 -8.12
Jun-02 4.12 0.72 -1.64 Mar-11 1.32 5.25 5.04
Sep-02 -2.35 -2.81 9.10 Jun-11 -1.93 2.67 -5.41
Dec-02 3.72 -6.87 -3.07 Sep-11 1.66 2.77 -6.78
Mar-03 5.48 1.89 0.59 Dec-11 9.19 -10.07 7.74
Jun-03 2.53 0.76 1.66 Mar-12 -6.89 6.30 13.01
Sep-03 -4.43 -3.79 -0.19 Jun-12 -3.66 1.70 -19.78
Dec-03 6.74 2.77 3.84 Sep-12 3.31 0.51 6.12
Mar-04 -0.09 7.79 -9.53 Dec-12 4.53 3.33 3.57
Jun-04 -1.11 -4.52 4.38 Mar-13 -15.12 3.93 2.67
Sep-04 1.01 3.63 2.77 Jun-13 -0.35 -6.78 -1.19
Dec-04 0.68 -0.98 1.29 Sep-13 -3.14 2.61 -9.88
Mar-05 -3.33 6.18 5.73 Dec-13 13.66 5.52 8.46
Jun-05 6.70 0.23 -3.58 Mar-14 3.62 7.17 1.55
Sep-05 6.68 5.39 9.83 Jun-14 -0.42 -3.75 3.74
Dec-05 3.19 9.70 -3.46 Sep-14 9.29 12.80 0.10
Mar-06 8.99 -6.60 2.46 Dec-14 -4.42 6.95 4.24
Jun-06 -6.01 10.02 4.48 Mar-15 -9.05 7.38 -9.91
Sep-06 12.74 7.83 1.23 Jun-15 3.82 -8.18 -0.72
Dec-06 -5.37 9.92 2.82 Sep-15 7.71 14.61 9.57
Mar-07 6.71 -9.79 0.44 Dec-15 -4.65 -7.53 -5.41
Jun-07 -9.65 9.62 0.00 Mar-16 -0.15 3.99 7.91
Sep-07 0.26 1.99 0.19 Jun-16 -5.37 -2.16 -7.90
Dec-07 -5.50 -11.75 -3.63 Sep-16 4.33 -6.98 14.46
Mar-08 -7.68 -6.25 -6.00 Dec-16 -1.46 6.24 -4.38
Jun-08 1.24 -11.03 -8.08 Mar-17 14.81 -0.81 4.97
Sep-08 -4.52 4.30 -5.70 Jun-17 -8.38 7.97 -8.24
Dec-08 -2.96 -4.68 -8.29 Sep-17 8.06 -7.13 2.32
Mar-09 -12.45 -15.74 -10.60 Dec-17 -7.33 5.30 8.24
Jun-09 -6.03 -1.10 10.13 Mar-18 9.39 -7.30 -0.49
Sep-09 12.99 12.74 10.68 Jun-18 -4.42 2.71 -3.43
Dec-09 5.14 -3.38 -8.36
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Table 5.14 Weighted, filtered metrics by CUKO: Est. Income Return (%per quarter)   

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property  Index    

 

 

 

 

Income return per quarter (%)
Big Cities London Rest UK Big Cities London Rest UK

Jun-01 1.95 1.63 1.94 Mar-10 1.63 1.43 2.01
Sep-01 1.90 1.59 1.91 Jun-10 1.64 1.50 1.76
Dec-01 1.86 1.54 2.05 Sep-10 1.61 1.38 1.90
Mar-02 1.86 1.55 2.00 Dec-10 1.89 1.46 2.06
Jun-02 1.78 1.57 2.04 Mar-11 1.89 1.37 1.95
Sep-02 1.81 1.61 1.86 Jun-11 1.87 1.32 2.03
Dec-02 1.79 1.69 1.93 Sep-11 1.79 1.27 2.16
Mar-03 1.68 1.67 1.93 Dec-11 1.64 1.40 2.00
Jun-03 1.63 1.68 1.89 Mar-12 1.81 1.36 1.82
Sep-03 1.71 1.76 1.88 Jun-12 1.80 1.30 2.17
Dec-03 1.65 1.66 1.80 Sep-12 1.77 1.30 2.08
Mar-04 1.60 1.57 1.93 Dec-12 1.71 1.28 2.01
Jun-04 1.61 1.64 1.84 Mar-13 2.00 1.22 1.91
Sep-04 1.59 1.55 1.80 Jun-13 1.93 1.31 1.97
Dec-04 1.60 1.58 1.79 Sep-13 1.96 1.27 2.12
Mar-05 1.66 1.49 1.70 Dec-13 1.73 1.25 1.95
Jun-05 1.56 1.51 1.75 Mar-14 1.68 1.16 1.92
Sep-05 1.47 1.41 1.59 Jun-14 1.65 1.23 1.82
Dec-05 1.44 1.32 1.65 Sep-14 1.51 1.08 1.84
Mar-06 1.32 1.35 1.62 Dec-14 1.62 1.03 1.79
Jun-06 1.39 1.24 1.53 Mar-15 1.72 0.96 1.96
Sep-06 1.23 1.15 1.51 Jun-15 1.64 1.04 1.93
Dec-06 1.31 1.04 1.46 Sep-15 1.52 0.92 1.77
Mar-07 1.23 1.15 1.46 Dec-15 1.56 1.02 1.83
Jun-07 1.36 1.06 1.47 Mar-16 1.57 1.01 1.74
Sep-07 1.36 1.03 1.45 Jun-16 1.64 1.00 1.84
Dec-07 1.45 1.22 1.52 Sep-16 1.57 1.08 1.61
Mar-08 1.55 1.28 1.61 Dec-16 1.63 1.02 1.72
Jun-08 1.53 1.44 1.74 Mar-17 1.42 1.05 1.62
Sep-08 1.58 1.43 1.83 Jun-17 1.52 0.96 1.75
Dec-08 1.61 1.51 2.02 Sep-17 1.42 1.04 1.75
Mar-09 1.86 1.81 2.23 Dec-17 1.53 1.05 1.59
Jun-09 1.97 1.81 2.01 Mar-18 1.47 1.10 1.66
Sep-09 1.74 1.63 1.79 Jun-18 1.50 1.05 1.66
Dec-09 1.62 1.67 1.91
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Table 5.10 Weighted, filtered metrics by CUKO: Est. Total Return (%per quarter)   

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property  Index    

 

 

  

Total return per quarter (%)
Big Cities London Rest UK Big Cities London Rest UK

Jun-01 -3.75 -3.85 -0.92 Mar-10 3.46 18.01 -1.11
Sep-01 6.50 3.97 3.98 Jun-10 -2.72 -2.61 13.42
Dec-01 5.08 6.39 -4.08 Sep-10 5.44 9.77 -5.61
Mar-02 1.86 1.63 4.35 Dec-10 -14.05 -2.75 -6.07
Jun-02 5.91 2.28 0.40 Mar-11 3.22 6.61 6.99
Sep-02 -0.54 -1.20 10.96 Jun-11 -0.06 3.99 -3.37
Dec-02 5.51 -5.17 -1.14 Sep-11 3.45 4.03 -4.63
Mar-03 7.16 3.55 2.51 Dec-11 10.83 -8.67 9.75
Jun-03 4.16 2.44 3.55 Mar-12 -5.08 7.66 14.82
Sep-03 -2.73 -2.03 1.69 Jun-12 -1.86 3.00 -17.61
Dec-03 8.38 4.44 5.64 Sep-12 5.08 1.81 8.20
Mar-04 1.51 9.36 -7.60 Dec-12 6.24 4.61 5.57
Jun-04 0.50 -2.88 6.21 Mar-13 -13.13 5.14 4.58
Sep-04 2.60 5.18 4.56 Jun-13 1.58 -5.48 0.78
Dec-04 2.28 0.61 3.08 Sep-13 -1.18 3.88 -7.77
Mar-05 -1.67 7.67 7.43 Dec-13 15.39 6.76 10.42
Jun-05 8.26 1.74 -1.83 Mar-14 5.29 8.33 3.48
Sep-05 8.15 6.79 11.42 Jun-14 1.23 -2.52 5.56
Dec-05 4.63 11.02 -1.81 Sep-14 10.80 13.88 1.95
Mar-06 10.31 -5.24 4.08 Dec-14 -2.80 7.97 6.03
Jun-06 -4.62 11.26 6.01 Mar-15 -7.32 8.33 -7.96
Sep-06 13.97 8.99 2.74 Jun-15 5.45 -7.15 1.22
Dec-06 -4.06 10.97 4.28 Sep-15 9.23 15.53 11.34
Mar-07 7.94 -8.63 1.90 Dec-15 -3.09 -6.51 -3.58
Jun-07 -8.30 10.68 1.48 Mar-16 1.43 5.00 9.65
Sep-07 1.62 3.02 1.64 Jun-16 -3.73 -1.15 -6.06
Dec-07 -4.05 -10.54 -2.10 Sep-16 5.90 -5.90 16.07
Mar-08 -6.13 -4.98 -4.40 Dec-16 0.17 7.26 -2.66
Jun-08 2.77 -9.58 -6.34 Mar-17 16.22 0.24 6.58
Sep-08 -2.94 5.73 -3.87 Jun-17 -6.85 8.93 -6.48
Dec-08 -1.35 -3.17 -6.27 Sep-17 9.48 -6.09 4.07
Mar-09 -10.59 -13.93 -8.37 Dec-17 -5.80 6.35 9.83
Jun-09 -4.06 0.72 12.14 Mar-18 10.86 -6.19 1.17
Sep-09 14.73 14.37 12.47 Jun-18 -2.92 3.77 -1.77
Dec-09 6.77 -1.71 -6.45
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Figure 5.5 Price Change and Est. Total Return Indices by CUKO: Q2 2001 – Q2 2018 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property  Index    
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Even visually, the index charts displayed in Figure 5:5 start to tell several interesting stories: - 

 The smoothness of the index time series that remain a major feature of appraisal-
based measures has gone. The charts now appear in a visual sense to be like 
price/performance indices relating to alternative/mainstream asset classes. 

 In terms of the pricing measure, the London market has a substantial advantage 
over the other two markets. These delivered a similar price change over the full 
study period. 

 Relative to the previous point, the London market derives a far greater proportion 
of its long-term investment performance from price growth i.e. the lowering of 
yields over the study period.  

 Both the Big Cities and Rest of UK markets derived most of their investment 
returns from income return 

 According to this data, London has increased the performance gap over the other 
two markets over the last five years.  

 The use of a blended Rest of UK office markets figure to inflate the Big Cities 
price change measure to reflect net operating income growth may understate the 
metric for prime city centre locations. Tracking the headline rental figure remains 
a major challenge.  

At this stage, it is worth noting that the transactions-based measures constructed represent an 
analytical tool rather than a method for immediate use in formal benchmarking processes. The 
Methodology can, however, contribute to addressing several the concerns expressed in respect 
on existing benchmarking practices as discussed in Trevillion et al, (2018).    

5.3 Calculating repeat-sales based price change measures  

5.3.1 Introduction 
The previous section outlined the process behind calculating performance measures using 
average transaction yields between quarters across specifically defined CUKO’s. To determine 
whether these measures have any degree of validity, they must be compared against the repeat 
sales methodology described at length in the literature review in Chapter 2. The calculation of 
repeat sales price measures for the defined office CUKO’s will also help confirm the limits of the 
application of repeat sales measures in respect of UK office markets as previously discussed by 
Devaney and Diaz (2011).  

The methodology used in respect of the repeat sales process used in this section is meant to be 
as straightforward and transparent as possible, in line with the underlying ethos of this thesis. 
That is to use the limted data that is available and convert that data into something that can be 
deployed in practical use by research analysts. It is not about creating a new approach to 
defining a full ‘state of the art’ repeat-sales based index. It does not take into consideration the 
extension of techniques referred to in Chapter 2, aiming to control for the likes of variable 
samples – samples of transactions are variable. The lack of take-up of repeat sales measures in 
respect of the UK market to date, confirmed by Trevillion et al (2018) is, in part due to its 
complexity.  

For this thesis therefore, the approach adopted is essentially a replication of the Case Shiller 
methodology already referred to in Chapter 2. This continues to represent the basis of the more 
refined models that have been developed in recent years. The process captures the essential 
elements of the original Bailey et al (1963) model running a panel regression on the logarithm of 
price changes across a defined period. This is then extended to control for holding periods. 
Given that commercial property prices, on average, have increased over the longer term, for 
rental inflation, if nothing else, the inclusion of this relationship into the methodology is 
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straightforward and can be justified. The controlling for transaction size was investigated, given 
the discussion in Chapter 4, but not pursued, given the marginal impact on the final figures. The 
detailed categorisation of office properties outlined in Chapter 4, along with the statistical 
analysis of the average transaction yields should account, to some degree, for the noise in the 
sample. The stages of calculating the repeat sales measures for the CUKO’s are detailed in the 
remainder of this section. 

5.3.2 Sourcing repeat sales and creating dataset  
Individual transaction prices were provided by PropertyData in addition to the transaction yields 
already discussed at the start of Chapter 4. Of the 14117 property records, 13691 (97%) 
contained a transaction price representing a greater capture than yields (67%). These 13691 
transaction prices were then converted into the correct format to generate repeat sales measures 
using the process outlined in Figure 5.6.  

 

Figure 5.6 Identifying repeat sales process 
 

Of the stages outlined in Figure 6, the most challenging one was the fourth stage. Having 
identified an address, it was sometimes difficult to determine whether the transaction related to 
the same entity. For example, one transaction for the same address could often refer to a partial 
transaction e.g. a single unit. This would usually show up in a completely different price and be 
removed from the analysis. For other addresses, however, a completely different price between 
repeat (consecutive) transactions could show up without an explanatory note. The removal of 
data at this stage of the database construction process therefore relied on subjective judgement 
of the researcher. Given the nature of the data, there was no alternative to this.  

The number of properties identified as repeat sales for the three defined CUKO’s are detailed in 
Table 5.16. The data is presented in respect of properties with and without a yield. This is done 
to give an indication of the scale of the sample that could be considered as comparable in a 
direct sense to the individual yields that were used to create weighted average measures in 
Chapter 4. Results will be presented for repeat sales prices changes with and without yields. The 
objective of consistency with the data used throughout the thesis runs into conflict with the 
decline of sample size used for repeat sales measures.  

PropertyData transactions containing transaction 

price in £m accessed

Transactions sorted into relevant CUKO's

Sorted by address, transactions on same address 
were identified

Subjective process eliminating  incomplete details 
and mismatched details

List of transactions with first and second price 
identified (this could reflect the third and fourth 

transaction for a particular property)
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Table 5.16 Repeat Sales Transactions by CUKO Q1-1999 – Q2 2018  

 

Source: Author’s calculations based on PropertyData database  

Repeat sales measures, whether they contain a yield or not, reflect less than 20% of recorded 
transactions based on the available data. This applies even over the extended study period of 
almost 20-years. The bias in data towards London that had already been discussed in Chapter 4 
has, if anything, been extended. London accounted for 57-58% of repeat sales compared to 46% 
(all transactions) and 43% of transactions with a yield. The ratio of properties traded more than 
once is also significantly higher in respect of London. For example, the count indicates that 70% 
of London properties have recorded one sale but the figure is over 80% for the Rest of the UK. 

The hypothesis that there might be some issue with PropertyData’s collation of data for the Rest 
of UK CUKO is negated by the fact the issue is maintained with or without a yield. It provides 
further evidence of a systemic bias and concentration in London of the invested UK office 
market. The use of repeat sales data, along with many other processes within the UK 
commercial property market already referred to, can reinforce this systemic bias. The issue is 
summarised in Figure 5.7.    

 

 

Number of recorded transactions: with or without yield at sale point
London Big Cities Rest of UK Combined

No. transactions with price (£m) 5964 2682 4443 13089
No. properties  repeat sales 1479 535 544 2558
No. properties 1 repeat sale 1029 408 445 1882
No. properties 2 repeat sales 324 88 81 493
No. properties 3 repeat sales 99 25 17 141
No. properties 4 repeat sales 26 10 1 37
No. properties 5 repeat sales 1 4 0 5

Number of recorded transactions: with transaction yield at both sale points
London Big Cities Rest of UK Combined

No. transactions with price (£m) & yield (%) 3903 1935 3241 9079
No. properties  repeat sales 927 348 342 1617
No. properties 1 repeat sale 663 264 288 1215
No. properties 2 repeat sales 197 62 47 306
No. properties 3 repeat sales 54 16 6 76
No. properties 4 repeat sales 13 5 1 19
No. properties 5 repeat sales 0 1 0 1
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Figure 5.7 The data feedback loop reinforces the bias towards London 
 

5.3.3 Preparing repeat sales data for regression analysis  
Having established the sample of repeat sales transactions, the next stage was to prepare the 
data for panel regression analysis. This involved the creation of worksheets for the spreadsheets 
for the three CUKO’s with and without yields. Given the sample size identified in Table 5.13, 
another two worksheets were created to combine Big Cities and the Rest of UK into combined 
‘non-London’ datasets, again with and without yield measures. 

Every repeat sale now contained the following: -  

   Reference number 

 Initial sale quarter 

 Second sale quarter (subsequent sales would have the previous sale figure as the initial figure) 

 First sale price £m 

 Second sale price £m (as above for subsequent sales) 

This was the raw data. Variables added at this stage included 

 The holding period between repeat sale quarter expressed in years 

 The logarithm of the change (ratio) in sale price between the first and second sale price figures 

 Two sets of dummy variables for each repeat sale.  

In the quarter of the first sale, dummy set to -1. In the quarter of second sale, dummy set 
to 1. All remaining quarters held a dummy variable of 0.   

A dummy variable of 1 recorded for the quarter of first sale, second sale and all quarters 
in between. Quarters prior to first sale and post second sale set to 0.   

Prior to running the repeat sales regressions, two final stages of data filtration were applied. First, 
a minimum holding period of > 1.5 years or 6 quarters was applied. This is like the studies 
outlined in Chapter 2. This prevents any immediate ‘flips’ not reflecting genuine ‘arms-length’ 
transactions over a small holding period from being included within the figures.  

Investors 
favour 
London 

Greater 
liquidity/Higher level 

of transactions

Data 
generated by 

market 
activity

Data more 
informative/reliable 
in respect of London

Strategists & 
researchers 

use available 
data 
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The second filter applied, again in order to prevent the final figures from getting distorted, was 
the removal of figures that produced a level of performance, positive or negative, that could not 
possibly reflect market movements over the holding period. With the ideal research practise 
being to retain and incorporate figures that pas through standard filtration tests, the bar for 
catching assets removed due to extreme price changes was set high. The difference between 
sale prices was converted to an average holding period return. Properties which recorded a 
holding period return of -50% pa or +50% pa were removed from the analysis. Sustaining 
performance of that magnitude over extended holding periods do not reflect market performance 
but indicate issues and features unique to individual assets. 

To give an indication of the range and scale of the price changes recorded across the repeat 
sales data, scaled for the holding period, Figure 5.8 and Figure 5.9 both present four histograms 
of price changes for the three CUKO’s and the combined non- London CUKO’s. Figure 5.8 refers 
to the larger sample that incorporates transaction prices with or without a yield and Figure 5.9 
contains figures which have a yield at both transaction points.  A table of descriptive statistics 
summarising the repeat-sales data sample is presented in Table 5.17. Interesting points to note 
include the impact of high % change properties on the average, the hierarchy of London, Big 
Cities and Rest UK in terms of price changes and a difference between the two samples – 
with/without yield versus yield - that is not statistically significant for any of the defined CUKO’s. 
These figures also provide a sense check for when the full repeat sales regression results are 
produced.     
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Figure 5.8 Range of price changes scaled to holding periods – Repeat sales transactions with or without a yield 
Source: Author’s calculations based on PropertyData database
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Figure 5.9 Range of price changes scaled to holding periods – Repeat sales transactions with yields 
Source: Author’s calculations based on PropertyData database
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Table 5.17 Descriptive statistics: Holding period % price change in repeat sales sample 
 

 
Source: Author’s calculations based on PropertyData database

Transaction price with/without yield

London Big Cities Rest UK All UK excl. London
Average 6.35% 3.49% 2.15% 2.83%
Median 5.35% 1.74% 1.29% 1.56%
Upper Quartile 11.34% 8.51% 7.43% 7.83%
Lower Quartile 0.24% -3.24% -3.59% -3.37%
Std Deviation 11.30% 12.08% 11.05% 11.59%

Transaction price with yield

Average 5.63% 2.81% 2.89% 2.85%
Median 5.10% 1.74% 1.78% 1.74%
Upper Quartile 9.84% 6.95% 7.56% 7.33%
Lower Quartile 0.63% -2.58% -2.85% -2.76%
Std Deviation 10.32% 10.17% 10.50% 10.32%
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5.3.4 Running repeat sales regressions  
 

Following the implementation of the designated flagging rules outlined above, the repeat sales 
regression was run for the three CUKO’s of London, Big Cities and Rest of UK and a 
combination of the Big Cities and Rest of UK. This was labelled as All UK excl. London. The 
process of calculating the regressions, in alignment with Bailey et al (1963) and Case & Shiller 
(1989), over three separate stages, is outlined below: - 

     

Equation 7a: 1st stage repeat-sales regression (Bailey et al 1963) 
 

log
𝑃

𝑃
 =   βt 𝐷 + ϵ    

   Where   𝑃   = Price of Property i at time t (second sale) 

               𝑃   = Price of Property i at time t -1 (first sale) 

   𝐷 = Dummy variable (-1 for first sale, 1 for 2nd sale, 0 otherwise)  

   ϵ  = Error term 

This calculation reflects the original Bailey et al (1963) method used to calculate repeat sales 
indices. The log of the price change of a defined property is set in a panel regression model 
using dummy variables for the two quarters of sale, This will ensure a coefficient is calculated for 
any quarter from the base date whenever there is a transaction in any given quarter.  

The principal issue in using the basic repeat-sales concerns the noise and chapter 2 discussed 
many of the methods used to address this issue. A relatively straightforward process originally 
developed by Case and Shiller (1989) indicated that the error term produced in equation 7a 1 is 
not random. To address this issue, a second stage process, reflecting a weighted regression is 
employed. This is outlined in equation 7b.    

Equation 7b: 2nd stage repeat-sales regression (Case & Shiller 1989) 
 

ϵ  =   β  + β   𝐻𝑃 + 𝜇   

 

  Where   ϵ  = Square of error term (residual) calculated in 7a  

               𝐻𝑃𝑖   = Holding period (years) between sale dates of Property I  

   𝜇  = Error term 

In this process the residual term calculated in the stage 1 regression (equation 7a) is squared 
before being regressed against a constant and the holding period i.e. length of time between sale 
dates. The logic behind this is that the holding period will, all things being equal, have a direct 
relationship with the price change of an asset, Given the tendency for prices to rise generally 
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(inflation) combined with historical increases in residential house prices, the step below will 
correct for this issue, reducing the noise inherent in the initial calculation. This has already been 
summarised in Chapter 2.  

The final stage in the repeat sales regression process reflects a generalised least squares 
approach as outlined in Chapter 2. The statistical package SPSS does not have a standard GLS 
calculation option. To account for this, the original inputs into the regression i.e. the log price 
difference and dummy variables as defined in 5a were divided by the square toot of the fitted 
values of the squared residuals calculated in Equation 7b. The dummy variables referred to in 
Equation 7a were also divided by the same square root of the squared residuals (5b). From that 
point, a standard OLS regression based on the adjusted figures was run to produce the final 
repeat-sales price change measures for the CUKO’s as stated. 15  

Equation 7c: 3rd stage repeat-sales regression (Case & Shiller 1989) 
 

⎝

⎜⎜
⎛

⎝

⎜
⎛

log
𝑃

𝑃

ϵ( )

⎠

⎟
⎞

=   
βt 𝐷 + ϵ

ϵ( )

 

⎠

⎟⎟
⎞

  

  Where   𝑃   = Price of Property i at time t (second sale) 

               𝑃   = Price of Property i at time t -1 (first sale) 

   𝐷 = Dummy variable (-1 for first sale, 1 for 2nd sale, 0 otherwise)  

   ϵ  = Error term 

   ϵ( ) = Error term derived in equation 5b (stage 2)  

 

It must be reinforced that the purpose of the thesis is not to create a ‘state of the art’ or refined 
repeat-sales methodology but demonstrate the relevance of using relatively straightforward 
transactions data that is usable and understood by the vast majority of research analysts and 
industry practitioners. The fundamental underpinnings of the repeat sales methodology are 
offered as a means of validating, or not, the measures created from headline transaction prices. 
It also tests how the headline transactions data can be used to calculate a basic repeat sales 
measure.  Several of the developments in the ongoing extension of work on repeat sales indices 
are referenced in Chapter 2. The calculation of price change measures on the basis outlined 
above utilises the repeat sales methodology to produce a plausible estimate of long-term price 
change plus quantification of the volatility of that price change. This can be compared directly 
with appraisal-based equivalents or the headline point-to-point transaction-based measures 
presented 5.2. These comparisons are offered in Chapter 6.  

 
15 Alli NasserEddine, a YouTube channel provides a straightforward explanation of how the GLS capability of 
Eviews can be replicated by adjusting the inputs into the standard Stage 1 regression model by the square root 
of the squared error term as per Equation 5c. The specific link is found at 
https://www.youtube.com/watch?v=dUwWzXVbRHI      
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5.3.5  Repeat sales regression results.  
In total, 16 price change indices based on repeat sales regressions are presented in Table 5:18 – 
Table 5:33. These contain four regressions per defined CUKO including the amalgamation of Big 
Cities and Rest UK offices that is labelled as All UK offices excl. London. The price indices are 
based on 31 December 2000. This was done to mirror the start date of the IPD Quarterly Index 
for comparative purposes.   

Two regressions per CUKO are based on the full sample of repeat sales transactions whether 
the transaction price contained a yield or not. A further two were run on the basis that both first 
and second transaction prices contained a yield. The slippage of data that did not contain a yield 
is detailed in 4.2.2. As the transaction yield was used as the basis of the income return proxy 
explained in this chapter and the basis of the analysis presented in Chapter 4, it was deemed 
important to try and identify any major differences between the full sample and reduced sample 
that included yields. The presumption was that, with repeat sales starting from a much smaller 
level, the higher sample with/without a yield would be the most relevant figure for the repeat 
sales regression.  

The final separation for the running of the price index regressions reflected a subjective attempt 
to reduce the extreme impact made by a small number of transactions on individual quarters. 
These usually reflected assets traded over long holding periods that were not caught by the 
filtering process that was based on price changes that were scaled by the holding period. The 
number of repeat sales transactions removed is detailed in the individual regression tables that 
have been labelled as ‘Flagged’.  

The number and value of repeat sales transactions use in constructing the index is detailed in 
Tables 5.34-5.37 and corresponding volume of transactions presented in Tables 5:38-5.41 show 
how the index takes time from the base to generate a sufficient sample given the average 
holding period of investing in commercial property. The figures can be compared with the number 
of total transactions presented, without the requirement for repeat sales, in Chapter 4.   
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Table 5.18 Repeat Sales Regression: London with/without yield  

 
Source: Author’s calculations based on PropertyData database

London - Repeat sales price change index based on transaction prices with/without yield London - Repeat sales price change index based on transaction prices with/without yield
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.096 0.165 0.036 0.581 0.561 1.100 -2.0%

Mar-01 -0.174 0.183 -0.041 -0.947 0.344 0.841 -15.9% Jun-10 0.217 0.169 0.075 1.282 0.200 1.242 12.9%

Jun-01 -0.060 0.186 -0.013 -0.322 0.747 0.942 12.1% Sep-10 0.165 0.168 0.061 0.987 0.324 1.180 -5.0%

Sep-01 -0.193 0.177 -0.052 -1.094 0.274 0.824 -12.5% Dec-10 0.263 0.167 0.102 1.577 0.115 1.301 10.2%

Dec-01 0.016 0.169 0.005 0.092 0.926 1.016 23.3% Mar-11 0.076 0.171 0.024 0.446 0.656 1.079 -17.0%

Mar-02 0.140 0.191 0.028 0.736 0.462 1.151 13.3% Jun-11 0.284 0.167 0.111 1.700 0.089 1.328 23.0%

Jun-02 -0.114 0.172 -0.035 -0.662 0.508 0.892 -22.5% Sep-11 0.128 0.168 0.048 0.763 0.445 1.136 -14.4%

Sep-02 -0.029 0.174 -0.008 -0.165 0.869 0.972 8.9% Dec-11 0.323 0.173 0.098 1.871 0.062 1.381 21.5%

Dec-02 0.037 0.172 0.011 0.213 0.831 1.037 6.8% Mar-12 0.212 0.171 0.069 1.241 0.215 1.236 -10.5%

Mar-03 0.107 0.192 0.021 0.555 0.579 1.112 7.2% Jun-12 0.313 0.165 0.127 1.898 0.058 1.367 10.6%

Jun-03 -0.058 0.177 -0.015 -0.326 0.744 0.944 -15.2% Sep-12 0.212 0.168 0.076 1.257 0.209 1.236 -9.6%

Sep-03 -0.066 0.173 -0.021 -0.384 0.701 0.936 -0.8% Dec-12 0.366 0.167 0.144 2.200 0.028 1.443 16.7%

Dec-03 -0.046 0.173 -0.014 -0.267 0.790 0.955 2.1% Mar-13 0.275 0.167 0.105 1.648 0.100 1.317 -8.7%

Mar-04 -0.005 0.173 -0.001 -0.029 0.977 0.995 4.2% Jun-13 0.313 0.165 0.126 1.897 0.058 1.368 3.9%

Jun-04 0.048 0.167 0.019 0.288 0.773 1.049 5.5% Sep-13 0.418 0.165 0.186 2.537 0.011 1.520 11.1%

Sep-04 0.028 0.166 0.011 0.166 0.868 1.028 -2.0% Dec-13 0.442 0.166 0.175 2.655 0.008 1.556 2.4%

Dec-04 0.066 0.167 0.027 0.396 0.692 1.068 3.9% Mar-14 0.326 0.178 0.078 1.828 0.068 1.385 -10.9%

Mar-05 0.073 0.172 0.023 0.424 0.672 1.076 0.7% Jun-14 0.634 0.168 0.234 3.775 0.000 1.885 36.1%

Jun-05 0.147 0.169 0.051 0.869 0.385 1.158 7.7% Sep-14 0.651 0.167 0.247 3.892 0.000 1.918 1.7%

Sep-05 0.125 0.164 0.049 0.766 0.444 1.133 -2.2% Dec-14 0.605 0.167 0.237 3.628 0.000 1.832 -4.5%

Dec-05 0.226 0.164 0.111 1.379 0.168 1.253 10.6% Mar-15 0.590 0.168 0.217 3.509 0.000 1.804 -1.5%

Mar-06 0.164 0.167 0.063 0.981 0.327 1.179 -6.0% Jun-15 0.758 0.174 0.222 4.359 0.000 2.135 18.4%

Jun-06 0.336 0.164 0.161 2.052 0.040 1.399 18.7% Sep-15 0.844 0.171 0.269 4.923 0.000 2.325 8.9%

Sep-06 0.371 0.161 0.199 2.308 0.021 1.449 3.6% Dec-15 0.742 0.177 0.197 4.186 0.000 2.101 -9.7%

Dec-06 0.271 0.167 0.108 1.625 0.104 1.311 -9.5% Mar-16 0.948 0.179 0.242 5.307 0.000 2.580 22.8%

Mar-07 0.340 0.166 0.143 2.054 0.040 1.405 7.2% Jun-16 0.776 0.172 0.227 4.526 0.000 2.174 -15.8%

Jun-07 0.486 0.164 0.227 2.960 0.003 1.625 15.6% Sep-16 0.751 0.183 0.173 4.105 0.000 2.119 -2.5%

Sep-07 0.518 0.164 0.236 3.154 0.002 1.679 3.3% Dec-16 0.713 0.187 0.155 3.820 0.000 2.040 -3.7%

Dec-07 0.341 0.176 0.093 1.937 0.053 1.407 -16.2% Mar-17 0.830 0.178 0.216 4.658 0.000 2.294 12.5%

Mar-08 0.304 0.165 0.110 1.839 0.066 1.355 -3.7% Jun-17 0.933 0.181 0.225 5.150 0.000 2.542 10.8%

Jun-08 0.251 0.169 0.075 1.483 0.138 1.285 -5.2% Sep-17 0.815 0.184 0.186 4.432 0.000 2.258 -11.2%

Sep-08 0.178 0.172 0.055 1.032 0.302 1.194 -7.1% Dec-17 0.939 0.176 0.258 5.336 0.000 2.557 13.2%

Dec-08 0.239 0.179 0.061 1.339 0.181 1.270 6.3% Mar-18 0.999 0.176 0.274 5.671 0.000 2.717 6.3%

Mar-09 -0.087 0.174 -0.026 -0.501 0.617 0.917 -27.8% Jun-18 0.733 0.184 0.167 3.979 0.000 2.081 -23.4%

Jun-09 -0.062 0.171 -0.020 -0.359 0.719 0.940 2.6%

Sep-09 0.108 0.171 0.035 0.633 0.527 1.114 18.5%

Dec-09 0.116 0.170 0.040 0.683 0.495 1.123 0.8%

Coefficients a,b Coefficients a,b

b. Linear Regression through the Origin b. Linear Regression through the Origin
a. Dependent Variable: LN Price differencea. Dependent Variable: LN Price difference
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Table 5.19 Repeat Sales Regression: London with/without yield and additional flagging  

 

Source: Author’s calculations based on PropertyData database

London - Repeat sales price change index based on transaction prices with/without yield - Flagged* London - Repeat sales price change index based on transaction prices with/without yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.098 0.138 0.040 0.711 0.477 1.103 0.3%

Mar-01 -0.184 0.155 -0.047 -1.182 0.238 0.832 -16.8% Jun-10 0.140 0.143 0.052 0.980 0.327 1.150 4.2%

Jun-01 -0.055 0.158 -0.013 -0.347 0.729 0.947 13.8% Sep-10 0.139 0.141 0.056 0.986 0.325 1.149 -0.1%

Sep-01 -0.076 0.150 -0.022 -0.509 0.611 0.926 -2.2% Dec-10 0.241 0.140 0.102 1.723 0.085 1.273 10.8%

Dec-01 0.001 0.142 0.000 0.004 0.997 1.001 8.0% Mar-11 0.083 0.145 0.028 0.577 0.564 1.087 -14.6%

Mar-02 0.176 0.161 0.040 1.093 0.275 1.193 19.2% Jun-11 0.257 0.140 0.110 1.837 0.066 1.294 19.0%

Jun-02 -0.134 0.145 -0.046 -0.928 0.354 0.874 -26.7% Sep-11 0.174 0.141 0.070 1.235 0.217 1.190 -8.0%

Sep-02 -0.036 0.147 -0.011 -0.242 0.809 0.965 10.4% Dec-11 0.305 0.145 0.102 2.099 0.036 1.357 14.0%

Dec-02 0.030 0.145 0.010 0.205 0.837 1.030 6.8% Mar-12 0.189 0.144 0.067 1.311 0.190 1.208 -10.9%

Mar-03 0.114 0.164 0.025 0.691 0.489 1.120 8.8% Jun-12 0.293 0.138 0.129 2.120 0.034 1.340 10.9%

Jun-03 -0.069 0.150 -0.020 -0.456 0.648 0.934 -16.7% Sep-12 0.219 0.142 0.086 1.546 0.122 1.245 -7.1%

Sep-03 -0.071 0.146 -0.024 -0.483 0.629 0.932 -0.2% Dec-12 0.325 0.140 0.140 2.328 0.020 1.385 11.2%

Dec-03 -0.049 0.146 -0.017 -0.338 0.735 0.952 2.2% Mar-13 0.249 0.140 0.104 1.775 0.076 1.283 -7.4%

Mar-04 0.003 0.146 0.001 0.021 0.984 1.003 5.4% Jun-13 0.266 0.139 0.113 1.915 0.056 1.304 1.7%

Jun-04 0.023 0.141 0.009 0.163 0.870 1.023 2.0% Sep-13 0.387 0.138 0.188 2.795 0.005 1.472 12.8%

Sep-04 0.004 0.140 0.002 0.030 0.976 1.004 -1.9% Dec-13 0.386 0.140 0.164 2.752 0.006 1.470 -0.1%

Dec-04 0.091 0.141 0.038 0.645 0.519 1.095 9.0% Mar-14 0.341 0.152 0.087 2.245 0.025 1.406 -4.4%

Mar-05 0.065 0.145 0.022 0.449 0.653 1.068 -2.5% Jun-14 0.572 0.142 0.225 4.036 0.000 1.771 26.0%

Jun-05 0.124 0.143 0.047 0.871 0.384 1.132 6.0% Sep-14 0.588 0.141 0.242 4.177 0.000 1.800 1.6%

Sep-05 0.160 0.137 0.068 1.165 0.244 1.174 3.7% Dec-14 0.577 0.140 0.248 4.124 0.000 1.781 -1.0%

Dec-05 0.204 0.137 0.108 1.483 0.138 1.226 4.5% Mar-15 0.555 0.142 0.220 3.923 0.000 1.742 -2.2%

Mar-06 0.114 0.141 0.047 0.810 0.418 1.121 -8.5% Jun-15 0.730 0.147 0.234 4.976 0.000 2.075 19.1%

Jun-06 0.321 0.137 0.168 2.339 0.020 1.378 22.9% Sep-15 0.803 0.145 0.275 5.549 0.000 2.233 7.6%

Sep-06 0.365 0.135 0.212 2.713 0.007 1.441 4.5% Dec-15 0.693 0.150 0.201 4.625 0.000 2.001 -10.4%

Dec-06 0.247 0.140 0.108 1.764 0.078 1.280 -11.2% Mar-16 0.839 0.151 0.234 5.555 0.000 2.314 15.7%

Mar-07 0.328 0.139 0.149 2.358 0.019 1.389 8.5% Jun-16 0.783 0.145 0.244 5.407 0.000 2.188 -5.5%

Jun-07 0.441 0.138 0.221 3.205 0.001 1.555 12.0% Sep-16 0.718 0.154 0.185 4.657 0.000 2.051 -6.3%

Sep-07 0.497 0.138 0.249 3.608 0.000 1.644 5.7% Dec-16 0.676 0.158 0.163 4.287 0.000 1.965 -4.2%

Dec-07 0.331 0.151 0.093 2.188 0.029 1.392 -15.3% Mar-17 0.803 0.151 0.229 5.332 0.000 2.233 13.6%

Mar-08 0.280 0.139 0.108 2.014 0.044 1.324 -4.9% Jun-17 0.897 0.153 0.238 5.858 0.000 2.453 9.9%

Jun-08 0.236 0.142 0.077 1.656 0.098 1.266 -4.4% Sep-17 0.786 0.155 0.199 5.065 0.000 2.194 -10.6%

Sep-08 0.096 0.146 0.031 0.656 0.512 1.101 -13.0% Dec-17 0.796 0.149 0.234 5.324 0.000 2.216 1.0%

Dec-08 0.213 0.152 0.059 1.406 0.160 1.238 12.4% Mar-18 0.899 0.149 0.266 6.018 0.000 2.457 10.9%

Mar-09 -0.109 0.148 -0.034 -0.742 0.458 0.896 -27.6% Jun-18 0.701 0.155 0.180 4.524 0.000 2.016 -17.9%

Jun-09 -0.080 0.145 -0.028 -0.554 0.579 0.923 3.0%

Sep-09 0.034 0.145 0.012 0.233 0.816 1.034 12.1%

Dec-09 0.096 0.143 0.036 0.669 0.504 1.100 6.4%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 21 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 21 properties removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.20 Repeat Sales Regression: London with yield 

 

Source: Author’s calculations based on PropertyData database

London - Repeat sales price change index based on transaction prices with yield London - Repeat sales price change index based on transaction prices with yield
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.069 0.181 0.030 0.384 0.701 1.072 0.0%

Mar-01 -0.202 0.208 -0.044 -0.969 0.333 0.817 -18.3% Jun-10 0.307 0.183 0.121 1.678 0.094 1.359 26.8%

Jun-01 -0.018 0.195 -0.005 -0.093 0.926 0.982 20.2% Sep-10 0.173 0.181 0.075 0.956 0.339 1.188 -12.6%

Sep-01 -0.038 0.195 -0.010 -0.195 0.845 0.963 -2.0% Dec-10 0.197 0.181 0.081 1.086 0.278 1.218 2.5%

Dec-01 0.071 0.186 0.024 0.380 0.704 1.073 11.5% Mar-11 0.209 0.188 0.067 1.108 0.268 1.232 1.2%

Mar-02 0.172 0.217 0.033 0.794 0.427 1.188 10.7% Jun-11 0.257 0.183 0.103 1.408 0.160 1.293 5.0%

Jun-02 -0.130 0.190 -0.040 -0.684 0.494 0.878 -26.1% Sep-11 0.053 0.184 0.020 0.288 0.773 1.055 -18.5%

Sep-02 0.059 0.190 0.018 0.310 0.757 1.061 20.8% Dec-11 0.369 0.193 0.105 1.913 0.056 1.447 37.2%

Dec-02 0.074 0.186 0.026 0.399 0.690 1.077 1.5% Mar-12 0.277 0.189 0.087 1.461 0.145 1.319 -8.9%

Mar-03 0.101 0.215 0.020 0.471 0.638 1.107 2.7% Jun-12 0.289 0.178 0.127 1.625 0.105 1.335 1.2%

Jun-03 0.006 0.191 0.002 0.031 0.975 1.006 -9.1% Sep-12 0.244 0.185 0.091 1.323 0.186 1.277 -4.4%

Sep-03 -0.046 0.185 -0.017 -0.246 0.805 0.955 -5.0% Dec-12 0.332 0.180 0.148 1.841 0.066 1.394 9.2%

Dec-03 -0.051 0.190 -0.016 -0.270 0.787 0.950 -0.6% Mar-13 0.250 0.183 0.103 1.371 0.171 1.284 -7.9%

Mar-04 0.043 0.192 0.013 0.222 0.824 1.044 9.9% Jun-13 0.257 0.184 0.103 1.399 0.162 1.293 0.7%

Jun-04 0.047 0.184 0.018 0.258 0.797 1.049 0.5% Sep-13 0.397 0.179 0.195 2.218 0.027 1.487 15.1%

Sep-04 0.076 0.180 0.035 0.421 0.674 1.079 2.9% Dec-13 0.505 0.180 0.231 2.811 0.005 1.657 11.4%

Dec-04 0.014 0.181 0.006 0.077 0.939 1.014 -6.0% Mar-14 0.347 0.191 0.089 1.813 0.070 1.414 -14.7%

Mar-05 0.121 0.190 0.039 0.639 0.523 1.129 11.3% Jun-14 0.525 0.184 0.196 2.848 0.005 1.690 19.5%

Jun-05 0.149 0.181 0.063 0.822 0.411 1.161 2.8% Sep-14 0.614 0.182 0.255 3.375 0.001 1.847 9.3%

Sep-05 0.193 0.176 0.081 1.097 0.273 1.213 4.5% Dec-14 0.592 0.182 0.246 3.252 0.001 1.807 -2.2%

Dec-05 0.237 0.178 0.130 1.332 0.183 1.267 4.4% Mar-15 0.473 0.188 0.157 2.522 0.012 1.605 -11.2%

Mar-06 0.286 0.183 0.111 1.563 0.119 1.332 5.1% Jun-15 0.652 0.193 0.188 3.380 0.001 1.920 19.6%

Jun-06 0.318 0.178 0.165 1.792 0.073 1.375 3.2% Sep-15 0.822 0.187 0.279 4.385 0.000 2.275 18.5%

Sep-06 0.352 0.174 0.202 2.023 0.043 1.422 3.4% Dec-15 0.654 0.192 0.191 3.412 0.001 1.923 -15.5%

Dec-06 0.363 0.181 0.161 2.010 0.045 1.438 1.1% Mar-16 0.931 0.193 0.270 4.836 0.000 2.537 31.9%

Mar-07 0.397 0.181 0.169 2.190 0.029 1.488 3.5% Jun-16 0.666 0.189 0.214 3.531 0.000 1.946 -23.3%

Jun-07 0.546 0.178 0.278 3.062 0.002 1.726 16.0% Sep-16 0.781 0.195 0.211 4.012 0.000 2.183 12.1%

Sep-07 0.587 0.180 0.258 3.253 0.001 1.799 4.2% Dec-16 0.591 0.202 0.144 2.930 0.004 1.807 -17.2%

Dec-07 0.296 0.190 0.091 1.561 0.119 1.345 -25.2% Mar-17 0.768 0.195 0.214 3.943 0.000 2.155 19.3%

Mar-08 0.259 0.182 0.105 1.423 0.155 1.296 -3.6% Jun-17 0.865 0.195 0.236 4.426 0.000 2.374 10.2%

Jun-08 0.210 0.180 0.071 1.166 0.244 1.234 -4.8% Sep-17 0.761 0.196 0.202 3.877 0.000 2.141 -9.8%

Sep-08 0.309 0.192 0.091 1.608 0.108 1.362 10.4% Dec-17 0.932 0.190 0.289 4.893 0.000 2.539 18.6%

Dec-08 0.190 0.202 0.046 0.941 0.347 1.209 -11.2% Mar-18 0.821 0.193 0.241 4.263 0.000 2.273 -10.5%

Mar-09 -0.075 0.187 -0.025 -0.403 0.687 0.927 -23.3% Jun-18 0.744 0.200 0.187 3.722 0.000 2.104 -7.5%

Jun-09 -0.187 0.185 -0.067 -1.007 0.314 0.830 -10.5%

Sep-09 0.118 0.186 0.041 0.633 0.527 1.125 35.6%

Dec-09 0.070 0.184 0.027 0.379 0.705 1.072 -4.7%

b. Linear Regression through the Origin b. Linear Regression through the Origin

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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 Table 5.21 Repeat Sales Regression: London with yield and additional flagging 

             
Source: Author’s calculations based on PropertyData database

London - Repeat sales price change index based on transaction prices with yield - Flagged* London - Repeat sales price change index based on transaction prices with yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.068 0.148 0.034 0.460 0.646 1.070 2.2%

Mar-01 -0.252 0.169 -0.064 -1.493 0.136 0.777 -22.3% Jun-10 0.200 0.150 0.091 1.337 0.182 1.221 14.1%

Jun-01 -0.044 0.159 -0.014 -0.279 0.780 0.957 23.1% Sep-10 0.136 0.147 0.070 0.919 0.358 1.145 -6.2%

Sep-01 -0.040 0.160 -0.012 -0.251 0.802 0.961 0.4% Dec-10 0.159 0.148 0.077 1.074 0.283 1.172 2.4%

Dec-01 0.033 0.152 0.013 0.216 0.829 1.033 7.6% Mar-11 0.186 0.154 0.069 1.212 0.226 1.205 2.8%

Mar-02 0.131 0.178 0.028 0.738 0.461 1.140 10.4% Jun-11 0.206 0.149 0.097 1.384 0.167 1.229 2.1%

Jun-02 -0.109 0.156 -0.038 -0.703 0.482 0.896 -21.4% Sep-11 0.145 0.151 0.060 0.959 0.338 1.156 -5.9%

Sep-02 0.002 0.155 0.001 0.012 0.990 1.002 11.8% Dec-11 0.333 0.157 0.110 2.120 0.034 1.396 20.7%

Dec-02 0.064 0.151 0.026 0.425 0.671 1.066 6.4% Mar-12 0.229 0.154 0.084 1.483 0.139 1.257 -10.0%

Mar-03 0.055 0.173 0.013 0.318 0.750 1.057 -0.9% Jun-12 0.237 0.146 0.121 1.625 0.105 1.267 0.8%

Jun-03 -0.035 0.155 -0.013 -0.225 0.822 0.966 -8.6% Sep-12 0.206 0.151 0.089 1.364 0.173 1.228 -3.0%

Sep-03 -0.077 0.150 -0.035 -0.514 0.607 0.926 -4.2% Dec-12 0.280 0.148 0.144 1.899 0.058 1.324 7.8%

Dec-03 -0.073 0.156 -0.026 -0.472 0.637 0.929 0.4% Mar-13 0.246 0.149 0.116 1.650 0.099 1.279 -3.3%

Mar-04 0.010 0.155 0.003 0.063 0.949 1.010 8.7% Jun-13 0.183 0.151 0.083 1.217 0.224 1.201 -6.1%

Jun-04 0.016 0.150 0.007 0.108 0.914 1.016 0.6% Sep-13 0.334 0.147 0.189 2.279 0.023 1.397 16.3%

Sep-04 0.038 0.147 0.021 0.260 0.795 1.039 2.2% Dec-13 0.442 0.147 0.233 3.004 0.003 1.556 11.4%

Dec-04 0.031 0.148 0.016 0.213 0.832 1.032 -0.7% Mar-14 0.498 0.158 0.142 3.158 0.002 1.645 5.7%

Mar-05 0.083 0.154 0.032 0.542 0.588 1.087 5.3% Jun-14 0.480 0.150 0.211 3.195 0.001 1.616 -1.7%

Jun-05 0.107 0.148 0.053 0.719 0.472 1.112 2.3% Sep-14 0.569 0.149 0.273 3.826 0.000 1.767 9.3%

Sep-05 0.221 0.144 0.106 1.535 0.125 1.248 12.2% Dec-14 0.553 0.149 0.268 3.722 0.000 1.739 -1.5%

Dec-05 0.186 0.145 0.122 1.281 0.201 1.204 -3.5% Mar-15 0.400 0.153 0.155 2.615 0.009 1.492 -14.2%

Mar-06 0.235 0.150 0.107 1.570 0.117 1.265 5.0% Jun-15 0.572 0.157 0.190 3.635 0.000 1.772 18.8%

Jun-06 0.296 0.145 0.179 2.036 0.042 1.344 6.3% Sep-15 0.720 0.154 0.273 4.676 0.000 2.054 15.9%

Sep-06 0.324 0.143 0.218 2.273 0.023 1.383 2.9% Dec-15 0.637 0.156 0.219 4.089 0.000 1.890 -8.0%

Dec-06 0.340 0.148 0.175 2.300 0.022 1.405 1.5% Mar-16 0.862 0.158 0.277 5.449 0.000 2.367 25.2%

Mar-07 0.381 0.148 0.190 2.571 0.010 1.464 4.2% Jun-16 0.730 0.155 0.266 4.726 0.000 2.075 -12.3%

Jun-07 0.455 0.146 0.269 3.120 0.002 1.576 7.7% Sep-16 0.754 0.159 0.234 4.756 0.000 2.126 2.5%

Sep-07 0.519 0.148 0.260 3.511 0.000 1.680 6.6% Dec-16 0.552 0.165 0.154 3.358 0.001 1.737 -18.3%

Dec-07 0.270 0.156 0.093 1.736 0.083 1.310 -22.0% Mar-17 0.666 0.160 0.208 4.172 0.000 1.946 12.0%

Mar-08 0.216 0.148 0.105 1.454 0.146 1.241 -5.3% Jun-17 0.800 0.160 0.244 4.995 0.000 2.225 14.3%

Jun-08 0.173 0.147 0.069 1.172 0.241 1.188 -4.2% Sep-17 0.732 0.160 0.223 4.577 0.000 2.079 -6.6%

Sep-08 0.159 0.157 0.053 1.015 0.311 1.173 -1.3% Dec-17 0.761 0.158 0.248 4.809 0.000 2.140 2.9%

Dec-08 0.146 0.163 0.041 0.891 0.373 1.157 -1.4% Mar-18 0.726 0.158 0.240 4.603 0.000 2.067 -3.4%

Mar-09 -0.113 0.152 -0.046 -0.747 0.455 0.893 -22.8% Jun-18 0.714 0.164 0.201 4.362 0.000 2.042 -1.2%

Jun-09 -0.228 0.151 -0.097 -1.510 0.132 0.796 -10.8%

Sep-09 -0.016 0.152 -0.006 -0.104 0.917 0.984 23.6%

Dec-09 0.046 0.150 0.021 0.309 0.758 1.048 6.4%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 17 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 21 properties removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.22 Repeat Sales Regression: Big Cities with/without yield

              

Source: Author’s calculations based on PropertyData database 

Big Cities - Repeat sales price change index based on transaction prices with/without yield Big Cities - Repeat sales price change index based on transaction prices with/without yield
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.462 0.242 0.166 1.907 0.057 1.587 45.4%

Mar-01 0.094 0.262 0.027 0.359 0.720 1.099 9.9% Jun-10 0.236 0.226 0.087 1.044 0.297 1.266 -20.2%

Jun-01 -0.243 0.272 -0.061 -0.891 0.373 0.785 -28.6% Sep-10 -0.323 0.228 -0.113 -1.416 0.158 0.724 -42.9%

Sep-01 -0.120 0.242 -0.044 -0.495 0.621 0.887 13.0% Dec-10 0.052 0.245 0.015 0.211 0.833 1.053 45.5%

Dec-01 0.107 0.265 0.029 0.404 0.686 1.113 25.5% Mar-11 -0.016 0.233 -0.005 -0.070 0.944 0.984 -6.6%

Mar-02 0.023 0.249 0.008 0.094 0.925 1.024 -8.0% Jun-11 0.054 0.244 0.016 0.222 0.824 1.056 7.3%

Jun-02 0.146 0.249 0.047 0.587 0.557 1.157 13.0% Sep-11 0.053 0.227 0.018 0.234 0.815 1.055 -0.1%

Sep-02 0.083 0.243 0.032 0.343 0.732 1.087 -6.1% Dec-11 -0.070 0.266 -0.016 -0.265 0.791 0.932 -11.6%

Dec-02 0.053 0.259 0.015 0.206 0.837 1.055 -2.9% Mar-12 -0.224 0.259 -0.056 -0.867 0.386 0.799 -14.3%

Mar-03 0.275 0.269 0.071 1.025 0.306 1.317 24.9% Jun-12 -0.112 0.272 -0.024 -0.411 0.681 0.894 11.9%

Jun-03 0.157 0.254 0.047 0.618 0.537 1.170 -11.2% Sep-12 -0.076 0.241 -0.023 -0.316 0.752 0.927 3.6%

Sep-03 0.184 0.240 0.072 0.766 0.444 1.202 2.8% Dec-12 -0.147 0.310 -0.025 -0.474 0.636 0.864 -6.8%

Dec-03 -0.016 0.246 -0.006 -0.065 0.948 0.984 -18.1% Mar-13 -0.103 0.277 -0.022 -0.373 0.710 0.902 4.4%

Mar-04 0.291 0.273 0.076 1.068 0.286 1.338 35.9% Jun-13 -0.170 0.232 -0.057 -0.735 0.463 0.843 -6.5%

Jun-04 0.178 0.230 0.062 0.775 0.439 1.195 -10.6% Sep-13 -0.055 0.239 -0.017 -0.229 0.819 0.947 12.3%

Sep-04 0.162 0.237 0.066 0.684 0.494 1.176 -1.6% Dec-13 -0.034 0.230 -0.012 -0.150 0.881 0.966 2.0%

Dec-04 0.256 0.228 0.099 1.121 0.263 1.291 9.8% Mar-14 -0.165 0.214 -0.081 -0.773 0.440 0.848 -12.3%

Mar-05 0.232 0.244 0.063 0.952 0.342 1.261 -2.3% Jun-14 -0.010 0.224 -0.004 -0.047 0.963 0.990 16.7%

Jun-05 0.365 0.240 0.144 1.517 0.130 1.440 14.2% Sep-14 0.324 0.242 0.099 1.343 0.180 1.383 39.8%

Sep-05 -0.011 0.300 -0.002 -0.036 0.972 0.989 -31.3% Dec-14 0.039 0.215 0.018 0.181 0.856 1.040 -24.8%

Dec-05 0.376 0.240 0.153 1.564 0.119 1.456 47.2% Mar-15 0.193 0.220 0.079 0.879 0.380 1.213 16.6%

Mar-06 0.361 0.251 0.118 1.437 0.152 1.434 -1.5% Jun-15 0.347 0.231 0.120 1.503 0.134 1.415 16.7%

Jun-06 0.561 0.240 0.215 2.332 0.020 1.752 22.2% Sep-15 0.132 0.213 0.057 0.619 0.537 1.141 -19.4%

Sep-06 0.470 0.232 0.220 2.029 0.043 1.601 -8.6% Dec-15 0.202 0.221 0.083 0.915 0.361 1.224 7.3%

Dec-06 0.615 0.230 0.309 2.671 0.008 1.850 15.6% Mar-16 0.277 0.230 0.094 1.201 0.231 1.319 7.7%

Mar-07 0.477 0.241 0.181 1.981 0.048 1.611 -12.9% Jun-16 0.191 0.244 0.053 0.783 0.434 1.210 -8.2%

Jun-07 0.513 0.242 0.157 2.124 0.034 1.670 3.7% Sep-16 0.226 0.263 0.054 0.860 0.390 1.254 3.6%

Sep-07 0.718 0.259 0.208 2.777 0.006 2.050 22.7% Dec-16 0.267 0.236 0.082 1.130 0.259 1.306 4.1%

Dec-07 0.218 0.272 0.056 0.802 0.423 1.244 -39.3% Mar-17 0.172 0.225 0.065 0.765 0.445 1.188 -9.1%

Mar-08 0.316 0.245 0.111 1.292 0.197 1.372 10.3% Jun-17 0.340 0.260 0.079 1.307 0.192 1.405 18.3%

Jun-08 0.282 0.271 0.072 1.041 0.298 1.326 -3.4% Sep-17 0.419 0.220 0.174 1.903 0.058 1.520 8.2%

Sep-08 0.195 0.309 0.037 0.629 0.530 1.215 -8.4% Dec-17 0.502 0.229 0.176 2.187 0.029 1.651 8.6%

Dec-08 0.130 0.276 0.032 0.470 0.639 1.138 -6.3% Mar-18 0.386 0.231 0.130 1.673 0.095 1.471 -10.9%

Mar-09 -0.057 0.249 -0.020 -0.230 0.818 0.944 -17.0% Jun-18 0.203 0.253 0.052 0.802 0.423 1.225 -16.7%

Jun-09 -0.216 0.290 -0.045 -0.744 0.458 0.806 -14.6%

Sep-09 -0.122 0.264 -0.035 -0.460 0.646 0.885 9.8%

Dec-09 0.087 0.284 0.020 0.306 0.760 1.091 23.2%

b. Linear Regression through the Origin b. Linear Regression through the Origin

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.23 Repeat Sales Regression: Big Cities with/without yield and additional flagging 

 
Source: Author’s calculations based on PropertyData database  

Big Cities - Repeat sales price change index based on transaction prices with/without yield - Flagged* Big Cities - Repeat sales price change index based on transaction prices with/without yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.342 0.221 0.129 1.545 0.123 1.408 32.7%

Mar-01 0.086 0.242 0.025 0.354 0.724 1.089 8.9% Jun-10 0.236 0.226 0.087 1.044 0.297 1.266 -10.1%

Jun-01 -0.108 0.255 -0.027 -0.423 0.672 0.898 -17.6% Sep-10 -0.323 0.228 -0.113 -1.416 0.158 0.724 -42.9%

Sep-01 -0.099 0.221 -0.038 -0.445 0.656 0.906 0.9% Dec-10 0.052 0.245 0.015 0.211 0.833 1.053 45.5%

Dec-01 0.083 0.242 0.024 0.343 0.732 1.086 19.9% Mar-11 -0.016 0.233 -0.005 -0.070 0.944 0.984 -6.6%

Mar-02 0.010 0.228 0.003 0.045 0.964 1.010 -7.0% Jun-11 0.054 0.244 0.016 0.222 0.824 1.056 7.3%

Jun-02 0.163 0.227 0.056 0.718 0.473 1.177 16.5% Sep-11 0.053 0.227 0.018 0.234 0.815 1.055 -0.1%

Sep-02 0.063 0.222 0.025 0.283 0.777 1.065 -9.5% Dec-11 -0.070 0.266 -0.016 -0.265 0.791 0.932 -11.6%

Dec-02 0.142 0.239 0.042 0.592 0.554 1.152 8.2% Mar-12 -0.224 0.259 -0.056 -0.867 0.386 0.799 -14.3%

Mar-03 0.251 0.246 0.068 1.020 0.309 1.285 11.5% Jun-12 -0.112 0.272 -0.024 -0.411 0.681 0.894 11.9%

Jun-03 0.139 0.235 0.042 0.593 0.554 1.149 -10.6% Sep-12 -0.076 0.241 -0.023 -0.316 0.752 0.927 3.6%

Sep-03 0.155 0.220 0.063 0.704 0.482 1.168 1.6% Dec-12 -0.147 0.310 -0.025 -0.474 0.636 0.864 -6.8%

Dec-03 -0.021 0.225 -0.008 -0.093 0.926 0.979 -16.1% Mar-13 -0.103 0.277 -0.022 -0.373 0.710 0.902 4.4%

Mar-04 0.279 0.253 0.074 1.100 0.272 1.321 34.9% Jun-13 -0.170 0.232 -0.057 -0.735 0.463 0.843 -6.5%

Jun-04 0.278 0.212 0.098 1.312 0.190 1.321 0.0% Sep-13 -0.055 0.239 -0.017 -0.229 0.819 0.947 12.3%

Sep-04 0.187 0.217 0.079 0.860 0.390 1.205 -8.7% Dec-13 -0.034 0.230 -0.012 -0.150 0.881 0.966 2.0%

Dec-04 0.242 0.210 0.094 1.155 0.249 1.274 5.7% Mar-14 -0.165 0.214 -0.081 -0.773 0.440 0.848 -12.3%

Mar-05 0.213 0.223 0.062 0.958 0.339 1.238 -2.8% Jun-14 -0.010 0.224 -0.004 -0.047 0.963 0.990 16.7%

Jun-05 0.345 0.220 0.142 1.569 0.118 1.413 14.1% Sep-14 0.324 0.242 0.099 1.343 0.180 1.383 39.8%

Sep-05 0.333 0.293 0.065 1.138 0.256 1.395 -1.2% Dec-14 0.039 0.215 0.018 0.181 0.856 1.040 -24.8%

Dec-05 0.368 0.219 0.158 1.680 0.094 1.445 3.6% Mar-15 0.193 0.220 0.079 0.879 0.380 1.213 16.6%

Mar-06 0.343 0.228 0.121 1.501 0.134 1.409 -2.5% Jun-15 0.347 0.231 0.120 1.503 0.134 1.415 16.7%

Jun-06 0.562 0.220 0.226 2.555 0.011 1.755 24.5% Sep-15 0.132 0.213 0.057 0.619 0.537 1.141 -19.4%

Sep-06 0.437 0.211 0.217 2.066 0.040 1.548 -11.8% Dec-15 0.202 0.221 0.083 0.915 0.361 1.224 7.3%

Dec-06 0.591 0.211 0.306 2.804 0.005 1.806 16.7% Mar-16 0.277 0.230 0.094 1.201 0.231 1.319 7.7%

Mar-07 0.577 0.222 0.222 2.600 0.010 1.780 -1.4% Jun-16 0.191 0.244 0.053 0.783 0.434 1.210 -8.2%

Jun-07 0.484 0.218 0.161 2.217 0.027 1.623 -8.8% Sep-16 0.226 0.263 0.054 0.860 0.390 1.254 3.6%

Sep-07 0.684 0.236 0.211 2.899 0.004 1.983 22.1% Dec-16 0.267 0.236 0.082 1.130 0.259 1.306 4.1%

Dec-07 0.230 0.246 0.065 0.937 0.349 1.259 -36.5% Mar-17 0.172 0.225 0.065 0.765 0.445 1.188 -9.1%

Mar-08 0.300 0.223 0.112 1.341 0.181 1.349 7.2% Jun-17 0.340 0.260 0.079 1.307 0.192 1.405 18.3%

Jun-08 0.299 0.251 0.078 1.193 0.234 1.349 0.0% Sep-17 0.419 0.220 0.174 1.903 0.058 1.520 8.2%

Sep-08 0.300 0.286 0.059 1.051 0.294 1.350 0.1% Dec-17 0.502 0.229 0.176 2.187 0.029 1.651 8.6%

Dec-08 0.094 0.258 0.023 0.363 0.717 1.098 -18.7% Mar-18 0.386 0.231 0.130 1.673 0.095 1.471 -10.9%

Mar-09 -0.095 0.228 -0.034 -0.417 0.677 0.909 -17.2% Jun-18 0.203 0.253 0.052 0.802 0.423 1.225 -16.7%

Jun-09 -0.279 0.265 -0.063 -1.054 0.293 0.756 -16.8%

Sep-09 -0.070 0.242 -0.021 -0.291 0.771 0.932 23.2%

Dec-09 0.059 0.257 0.015 0.231 0.817 1.061 13.9%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 5 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 5 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.24 Repeat Sales Regression: Big Cities with yield 

 
Source: Author’s calculations based on PropertyData database  

Big Cities - Repeat sales price change index based on transaction prices with yield Big Cities - Repeat sales price change index based on transaction prices with yield 
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.216 0.184 0.108 1.175 0.241 1.241 11.0%

Mar-01 0.144 0.209 0.054 0.691 0.491 1.155 15.5% Jun-10 0.361 0.192 0.165 1.886 0.061 1.435 15.7%

Jun-01 -0.076 0.226 -0.023 -0.335 0.738 0.927 -19.7% Sep-10 0.166 0.225 0.051 0.740 0.460 1.181 -17.7%

Sep-01 -0.018 0.202 -0.007 -0.088 0.930 0.982 6.0% Dec-10 0.085 0.206 0.032 0.411 0.681 1.088 -7.8%

Dec-01 0.041 0.216 0.012 0.188 0.851 1.042 6.0% Mar-11 -0.175 0.207 -0.060 -0.846 0.398 0.839 -22.9%

Mar-02 0.378 0.240 0.097 1.570 0.118 1.459 40.1% Jun-11 0.085 0.230 0.025 0.368 0.713 1.088 29.7%

Jun-02 0.005 0.199 0.002 0.026 0.979 1.005 -31.1% Sep-11 0.095 0.193 0.041 0.492 0.624 1.100 1.0%

Sep-02 0.205 0.201 0.086 1.021 0.309 1.227 22.1% Dec-11 -0.057 0.233 -0.016 -0.244 0.807 0.945 -14.1%

Dec-02 -0.025 0.237 -0.007 -0.104 0.918 0.976 -20.5% Mar-12 0.127 0.284 0.027 0.449 0.654 1.136 20.2%

Mar-03 0.172 0.228 0.050 0.754 0.452 1.188 21.7% Jun-12 0.051 0.246 0.012 0.206 0.837 1.052 -7.4%

Jun-03 0.200 0.214 0.068 0.935 0.351 1.222 2.8% Sep-12 -0.184 0.205 -0.072 -0.897 0.371 0.832 -20.9%

Sep-03 0.224 0.192 0.104 1.168 0.244 1.252 2.5% Dec-12 0.001 0.283 0.000 0.003 0.998 1.001 20.3%

Dec-03 0.165 0.201 0.065 0.820 0.413 1.179 -5.8% Mar-13 -0.080 0.242 -0.022 -0.332 0.741 0.923 -7.8%

Mar-04 0.357 0.217 0.120 1.648 0.101 1.429 21.2% Jun-13 -0.287 0.201 -0.113 -1.427 0.155 0.751 -18.6%

Jun-04 0.369 0.179 0.159 2.060 0.041 1.446 1.2% Sep-13 -0.026 0.206 -0.010 -0.128 0.898 0.974 29.7%

Sep-04 -0.015 0.189 -0.007 -0.081 0.935 0.985 -31.9% Dec-13 0.094 0.199 0.037 0.473 0.637 1.099 12.8%

Dec-04 0.198 0.183 0.079 1.081 0.281 1.219 23.7% Mar-14 0.000 0.189 0.000 -0.002 0.998 1.000 -9.0%

Mar-05 0.244 0.191 0.085 1.277 0.203 1.276 4.8% Jun-14 0.066 0.189 0.032 0.351 0.726 1.069 6.9%

Jun-05 0.442 0.189 0.213 2.339 0.020 1.556 21.9% Sep-14 0.302 0.218 0.096 1.385 0.167 1.353 26.6%

Sep-05 0.460 0.258 0.112 1.783 0.076 1.584 1.9% Dec-14 0.097 0.186 0.049 0.521 0.603 1.102 -18.6%

Dec-05 0.486 0.187 0.250 2.605 0.010 1.626 2.6% Mar-15 0.146 0.184 0.076 0.794 0.428 1.157 5.0%

Mar-06 0.351 0.209 0.128 1.681 0.094 1.420 -12.7% Jun-15 0.608 0.200 0.246 3.040 0.003 1.837 58.7%

Jun-06 0.524 0.194 0.220 2.697 0.008 1.689 18.9% Sep-15 0.158 0.177 0.086 0.892 0.374 1.171 -36.2%

Sep-06 0.553 0.176 0.341 3.138 0.002 1.739 3.0% Dec-15 0.157 0.190 0.076 0.828 0.409 1.170 -0.1%

Dec-06 0.529 0.180 0.313 2.933 0.004 1.697 -2.4% Mar-16 0.281 0.194 0.124 1.446 0.150 1.324 13.2%

Mar-07 0.696 0.201 0.277 3.468 0.001 2.007 18.2% Jun-16 0.417 0.247 0.106 1.687 0.093 1.517 14.6%

Jun-07 0.431 0.192 0.153 2.243 0.026 1.538 -23.4% Sep-16 0.141 0.257 0.034 0.549 0.584 1.152 -24.1%

Sep-07 0.525 0.210 0.180 2.502 0.013 1.691 10.0% Dec-16 0.511 0.206 0.186 2.484 0.014 1.667 44.8%

Dec-07 0.273 0.260 0.064 1.052 0.294 1.314 -22.3% Mar-17 0.230 0.191 0.105 1.205 0.230 1.259 -24.5%

Mar-08 0.320 0.194 0.134 1.654 0.100 1.377 4.8% Jun-17 0.230 0.235 0.062 0.981 0.328 1.259 0.0%

Jun-08 0.375 0.228 0.110 1.641 0.102 1.455 5.6% Sep-17 0.470 0.186 0.238 2.528 0.012 1.600 27.1%

Sep-08 0.203 0.284 0.042 0.714 0.476 1.225 -15.8% Dec-17 0.579 0.195 0.248 2.968 0.003 1.784 11.6%

Dec-08 0.111 0.215 0.037 0.520 0.604 1.118 -8.7% Mar-18 0.429 0.197 0.177 2.183 0.030 1.536 -13.9%

Mar-09 -0.029 0.195 -0.013 -0.149 0.881 0.971 -13.1% Jun-18 0.203 0.220 0.063 0.921 0.358 1.225 -20.3%

Jun-09 -0.089 0.226 -0.025 -0.393 0.695 0.915 -5.8%

Sep-09 -0.086 0.208 -0.034 -0.416 0.678 0.917 0.2%

Dec-09 0.111 0.228 0.034 0.487 0.627 1.117 21.8%

b. Linear Regression through the Origin b. Linear Regression through the Origin

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.25 Repeat Sales Regression: Big Cities with yield and additional flagging 

 

Source: Author’s calculations based on PropertyData database  

Big Cities - Repeat sales price change index based on transaction prices with yield - Flagged* Big Cities - Repeat sales price change index based on transaction prices with yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.216 0.184 0.108 1.175 0.241 1.241 11.0%

Mar-01 0.144 0.209 0.054 0.691 0.491 1.155 15.5% Jun-10 0.361 0.192 0.165 1.886 0.061 1.435 15.7%

Jun-01 -0.076 0.226 -0.023 -0.335 0.738 0.927 -19.7% Sep-10 0.166 0.225 0.051 0.740 0.460 1.181 -17.7%

Sep-01 -0.018 0.202 -0.007 -0.088 0.930 0.982 6.0% Dec-10 0.085 0.206 0.032 0.411 0.681 1.088 -7.8%

Dec-01 0.041 0.216 0.012 0.188 0.851 1.042 6.0% Mar-11 -0.175 0.207 -0.060 -0.846 0.398 0.839 -22.9%

Mar-02 0.378 0.240 0.097 1.570 0.118 1.459 40.1% Jun-11 0.085 0.230 0.025 0.368 0.713 1.088 29.7%

Jun-02 0.005 0.199 0.002 0.026 0.979 1.005 -31.1% Sep-11 0.095 0.193 0.041 0.492 0.624 1.100 1.0%

Sep-02 0.205 0.201 0.086 1.021 0.309 1.227 22.1% Dec-11 -0.057 0.233 -0.016 -0.244 0.807 0.945 -14.1%

Dec-02 -0.025 0.237 -0.007 -0.104 0.918 0.976 -20.5% Mar-12 0.127 0.284 0.027 0.449 0.654 1.136 20.2%

Mar-03 0.172 0.228 0.050 0.754 0.452 1.188 21.7% Jun-12 0.051 0.246 0.012 0.206 0.837 1.052 -7.4%

Jun-03 0.200 0.214 0.068 0.935 0.351 1.222 2.8% Sep-12 -0.184 0.205 -0.072 -0.897 0.371 0.832 -20.9%

Sep-03 0.224 0.192 0.104 1.168 0.244 1.252 2.5% Dec-12 0.001 0.283 0.000 0.003 0.998 1.001 20.3%

Dec-03 0.165 0.201 0.065 0.820 0.413 1.179 -5.8% Mar-13 -0.080 0.242 -0.022 -0.332 0.741 0.923 -7.8%

Mar-04 0.357 0.217 0.120 1.648 0.101 1.429 21.2% Jun-13 -0.287 0.201 -0.113 -1.427 0.155 0.751 -18.6%

Jun-04 0.369 0.179 0.159 2.060 0.041 1.446 1.2% Sep-13 -0.026 0.206 -0.010 -0.128 0.898 0.974 29.7%

Sep-04 -0.015 0.189 -0.007 -0.081 0.935 0.985 -31.9% Dec-13 0.094 0.199 0.037 0.473 0.637 1.099 12.8%

Dec-04 0.198 0.183 0.079 1.081 0.281 1.219 23.7% Mar-14 0.000 0.189 0.000 -0.002 0.998 1.000 -9.0%

Mar-05 0.244 0.191 0.085 1.277 0.203 1.276 4.8% Jun-14 0.066 0.189 0.032 0.351 0.726 1.069 6.9%

Jun-05 0.442 0.189 0.213 2.339 0.020 1.556 21.9% Sep-14 0.302 0.218 0.096 1.385 0.167 1.353 26.6%

Sep-05 0.460 0.258 0.112 1.783 0.076 1.584 1.9% Dec-14 0.097 0.186 0.049 0.521 0.603 1.102 -18.6%

Dec-05 0.486 0.187 0.250 2.605 0.010 1.626 2.6% Mar-15 0.146 0.184 0.076 0.794 0.428 1.157 5.0%

Mar-06 0.351 0.209 0.128 1.681 0.094 1.420 -12.7% Jun-15 0.608 0.200 0.246 3.040 0.003 1.837 58.7%

Jun-06 0.524 0.194 0.220 2.697 0.008 1.689 18.9% Sep-15 0.158 0.177 0.086 0.892 0.374 1.171 -36.2%

Sep-06 0.553 0.176 0.341 3.138 0.002 1.739 3.0% Dec-15 0.157 0.190 0.076 0.828 0.409 1.170 -0.1%

Dec-06 0.529 0.180 0.313 2.933 0.004 1.697 -2.4% Mar-16 0.281 0.194 0.124 1.446 0.150 1.324 13.2%

Mar-07 0.696 0.201 0.277 3.468 0.001 2.007 18.2% Jun-16 0.417 0.247 0.106 1.687 0.093 1.517 14.6%

Jun-07 0.431 0.192 0.153 2.243 0.026 1.538 -23.4% Sep-16 0.141 0.257 0.034 0.549 0.584 1.152 -24.1%

Sep-07 0.525 0.210 0.180 2.502 0.013 1.691 10.0% Dec-16 0.511 0.206 0.186 2.484 0.014 1.667 44.8%

Dec-07 0.273 0.260 0.064 1.052 0.294 1.314 -22.3% Mar-17 0.230 0.191 0.105 1.205 0.230 1.259 -24.5%

Mar-08 0.320 0.194 0.134 1.654 0.100 1.377 4.8% Jun-17 0.230 0.235 0.062 0.981 0.328 1.259 0.0%

Jun-08 0.375 0.228 0.110 1.641 0.102 1.455 5.6% Sep-17 0.470 0.186 0.238 2.528 0.012 1.600 27.1%

Sep-08 0.203 0.284 0.042 0.714 0.476 1.225 -15.8% Dec-17 0.579 0.195 0.248 2.968 0.003 1.784 11.6%

Dec-08 0.111 0.215 0.037 0.520 0.604 1.118 -8.7% Mar-18 0.429 0.197 0.177 2.183 0.030 1.536 -13.9%

Mar-09 -0.029 0.195 -0.013 -0.149 0.881 0.971 -13.1% Jun-18 0.203 0.220 0.063 0.921 0.358 1.225 -20.3%

Jun-09 -0.089 0.226 -0.025 -0.393 0.695 0.915 -5.8%

Sep-09 -0.086 0.208 -0.034 -0.416 0.678 0.917 0.2%

Dec-09 0.111 0.228 0.034 0.487 0.627 1.117 21.8%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 5 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 5 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.26 Repeat Sales Regression: Rest UK with/without yield 

                
Source: Author’s calculations based on PropertyData database  

Rest UK - Repeat sales price change index based on transaction prices with/without yield Rest UK - Repeat sales price change index based on transaction prices with/without yield 
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 -0.359 0.218 -0.095 -1.644 0.101 0.699 -9.2%

Mar-01 -0.422 0.198 -0.129 -2.129 0.034 0.656 -34.4% Jun-10 -0.545 0.210 -0.156 -2.601 0.010 0.580 -17.0%

Jun-01 -0.392 0.207 -0.115 -1.894 0.059 0.676 3.1% Sep-10 -0.614 0.188 -0.220 -3.271 0.001 0.541 -6.6%

Sep-01 -0.384 0.188 -0.136 -2.046 0.042 0.681 0.8% Dec-10 -0.485 0.203 -0.148 -2.387 0.018 0.616 13.8%

Dec-01 -0.339 0.203 -0.101 -1.672 0.095 0.713 4.6% Mar-11 -0.473 0.183 -0.169 -2.579 0.010 0.623 1.2%

Mar-02 -0.050 0.254 -0.010 -0.196 0.845 0.951 33.5% Jun-11 -0.520 0.242 -0.115 -2.146 0.033 0.595 -4.6%

Jun-02 -0.459 0.189 -0.157 -2.426 0.016 0.632 -33.6% Sep-11 -0.417 0.202 -0.117 -2.061 0.040 0.659 10.8%

Sep-02 -0.277 0.166 -0.118 -1.664 0.097 0.758 20.0% Dec-11 -0.149 0.232 -0.035 -0.641 0.522 0.862 30.8%

Dec-02 -0.359 0.187 -0.136 -1.914 0.056 0.699 -7.9% Mar-12 -0.761 0.278 -0.136 -2.738 0.007 0.467 -45.8%

Mar-03 -0.314 0.196 -0.101 -1.598 0.111 0.731 4.6% Jun-12 -0.655 0.200 -0.201 -3.268 0.001 0.519 11.2%

Jun-03 -0.319 0.249 -0.067 -1.282 0.201 0.727 -0.5% Sep-12 -0.609 0.227 -0.150 -2.682 0.008 0.544 4.7%

Sep-03 -0.464 0.175 -0.169 -2.659 0.008 0.628 -13.5% Dec-12 -0.518 0.209 -0.147 -2.477 0.014 0.596 9.6%

Dec-03 -0.194 0.181 -0.077 -1.075 0.283 0.824 31.1% Mar-13 -0.651 0.228 -0.158 -2.853 0.005 0.521 -12.5%

Mar-04 -0.223 0.195 -0.071 -1.139 0.256 0.800 -2.8% Jun-13 -0.830 0.198 -0.254 -4.201 0.000 0.436 -16.4%

Jun-04 -0.399 0.174 -0.184 -2.291 0.023 0.671 -16.2% Sep-13 -0.758 0.181 -0.305 -4.192 0.000 0.469 7.5%

Sep-04 -0.312 0.186 -0.099 -1.678 0.094 0.732 9.1% Dec-13 -0.504 0.186 -0.195 -2.717 0.007 0.604 28.9%

Dec-04 -0.173 0.175 -0.078 -0.986 0.325 0.842 15.0% Mar-14 -0.543 0.236 -0.123 -2.298 0.022 0.581 -3.8%

Mar-05 -0.101 0.210 -0.028 -0.480 0.632 0.904 7.4% Jun-14 -0.407 0.182 -0.148 -2.233 0.026 0.666 14.5%

Jun-05 -0.138 0.172 -0.055 -0.802 0.423 0.871 -3.6% Sep-14 -0.405 0.177 -0.176 -2.289 0.023 0.667 0.2%

Sep-05 -0.010 0.182 -0.004 -0.055 0.956 0.990 13.6% Dec-14 -0.256 0.186 -0.093 -1.377 0.169 0.774 16.1%

Dec-05 -0.210 0.197 -0.072 -1.068 0.286 0.811 -18.1% Mar-15 -0.484 0.194 -0.162 -2.490 0.013 0.617 -20.3%

Mar-06 0.054 0.170 0.026 0.317 0.751 1.056 30.2% Jun-15 -0.767 0.199 -0.220 -3.847 0.000 0.464 -24.7%

Jun-06 0.071 0.172 0.030 0.414 0.679 1.074 1.7% Sep-15 -0.262 0.188 -0.095 -1.398 0.163 0.769 65.7%

Sep-06 -0.022 0.186 -0.008 -0.120 0.904 0.978 -8.9% Dec-15 -0.285 0.186 -0.104 -1.535 0.126 0.752 -2.2%

Dec-06 0.042 0.174 0.018 0.239 0.811 1.043 6.6% Mar-16 -0.335 0.190 -0.117 -1.764 0.079 0.715 -4.9%

Mar-07 -0.095 0.172 -0.041 -0.551 0.582 0.909 -12.8% Jun-16 -0.333 0.212 -0.095 -1.570 0.117 0.716 0.1%

Jun-07 -0.042 0.190 -0.014 -0.219 0.826 0.959 5.5% Sep-16 -0.233 0.201 -0.072 -1.160 0.247 0.792 10.5%

Sep-07 0.044 0.190 0.016 0.229 0.819 1.044 8.9% Dec-16 -0.197 0.198 -0.062 -0.997 0.320 0.821 3.7%

Dec-07 -0.178 0.229 -0.042 -0.778 0.437 0.837 -19.9% Mar-17 -0.258 0.206 -0.076 -1.249 0.212 0.773 -5.9%

Mar-08 -0.158 0.245 -0.035 -0.645 0.519 0.854 2.1% Jun-17 0.218 0.197 0.070 1.108 0.269 1.244 61.0%

Jun-08 -0.247 0.201 -0.076 -1.226 0.221 0.781 -8.5% Sep-17 -0.068 0.192 -0.023 -0.356 0.722 0.934 -24.9%

Sep-08 -0.459 0.242 -0.101 -1.895 0.059 0.632 -19.1% Dec-17 -0.185 0.203 -0.055 -0.911 0.363 0.831 -11.0%

Dec-08 -0.179 0.240 -0.040 -0.749 0.455 0.836 32.2% Mar-18 -0.336 0.223 -0.083 -1.509 0.132 0.714 -14.1%

Mar-09 -0.575 0.294 -0.096 -1.955 0.051 0.563 -32.7% Jun-18 -0.148 0.190 -0.053 -0.781 0.435 0.862 20.7%

Jun-09 -0.671 0.248 -0.143 -2.704 0.007 0.511 -9.1%

Sep-09 -0.249 0.407 -0.028 -0.611 0.542 0.780 52.5%

Dec-09 -0.262 0.195 -0.088 -1.343 0.180 0.770 -1.3%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 9 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.27 Repeat Sales Regression: Rest UK with/without yield and additional flagging 

 

Source: Author’s calculations based on PropertyData database  

Rest UK - Repeat sales price change index based on transaction prices with/without yield - Flagged* Rest UK - Repeat sales price change index based on transaction prices with/without yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 -0.140 0.194 -0.041 -0.721 0.471 0.870 -7.9%

Mar-01 -0.177 0.179 -0.059 -0.988 0.324 0.838 -16.2% Jun-10 -0.384 0.185 -0.123 -2.072 0.039 0.681 -21.7%

Jun-01 -0.172 0.184 -0.056 -0.932 0.352 0.842 0.5% Sep-10 -0.400 0.168 -0.161 -2.384 0.018 0.670 -1.6%

Sep-01 -0.157 0.166 -0.064 -0.948 0.344 0.855 1.5% Dec-10 -0.287 0.182 -0.096 -1.583 0.114 0.750 12.0%

Dec-01 -0.129 0.178 -0.044 -0.720 0.472 0.879 2.9% Mar-11 -0.304 0.163 -0.120 -1.868 0.063 0.738 -1.6%

Mar-02 0.146 0.218 0.035 0.667 0.505 1.157 31.6% Jun-11 -0.269 0.214 -0.066 -1.258 0.209 0.764 3.5%

Jun-02 -0.262 0.170 -0.099 -1.547 0.123 0.769 -33.5% Sep-11 -0.290 0.177 -0.092 -1.638 0.102 0.749 -2.0%

Sep-02 -0.079 0.151 -0.037 -0.525 0.600 0.924 20.1% Dec-11 -0.217 0.214 -0.052 -1.013 0.312 0.805 7.5%

Dec-02 -0.091 0.169 -0.037 -0.536 0.592 0.913 -1.1% Mar-12 -0.569 0.239 -0.118 -2.384 0.018 0.566 -29.7%

Mar-03 -0.103 0.175 -0.037 -0.586 0.558 0.902 -1.2% Jun-12 -0.448 0.178 -0.153 -2.515 0.012 0.639 12.9%

Jun-03 -0.097 0.218 -0.023 -0.444 0.658 0.908 0.6% Sep-12 -0.247 0.213 -0.061 -1.161 0.246 0.781 22.2%

Sep-03 -0.080 0.169 -0.031 -0.474 0.636 0.923 1.7% Dec-12 -0.341 0.184 -0.109 -1.849 0.065 0.711 -8.9%

Dec-03 0.006 0.162 0.003 0.038 0.969 1.006 9.0% Mar-13 -0.272 0.213 -0.066 -1.277 0.203 0.762 7.1%

Mar-04 0.030 0.177 0.010 0.169 0.866 1.030 2.4% Jun-13 -0.696 0.175 -0.232 -3.973 0.000 0.498 -34.5%

Jun-04 -0.138 0.158 -0.067 -0.869 0.385 0.871 -15.4% Sep-13 -0.550 0.162 -0.246 -3.400 0.001 0.577 15.8%

Sep-04 0.006 0.168 0.002 0.033 0.974 1.006 15.4% Dec-13 -0.308 0.166 -0.131 -1.856 0.064 0.735 27.4%

Dec-04 0.035 0.157 0.017 0.221 0.825 1.035 3.0% Mar-14 -0.357 0.206 -0.091 -1.731 0.084 0.700 -4.8%

Mar-05 0.086 0.188 0.026 0.457 0.648 1.089 5.2% Jun-14 -0.381 0.163 -0.150 -2.342 0.020 0.683 -2.4%

Jun-05 0.078 0.156 0.034 0.499 0.618 1.081 -0.8% Sep-14 -0.211 0.159 -0.102 -1.332 0.184 0.809 18.5%

Sep-05 0.225 0.164 0.098 1.372 0.171 1.252 15.8% Dec-14 -0.074 0.166 -0.030 -0.445 0.657 0.929 14.8%

Dec-05 0.026 0.177 0.010 0.147 0.883 1.026 -18.0% Mar-15 -0.257 0.172 -0.097 -1.495 0.136 0.773 -16.8%

Mar-06 0.229 0.154 0.124 1.486 0.138 1.257 22.5% Jun-15 -0.378 0.177 -0.122 -2.138 0.033 0.685 -11.3%

Jun-06 0.262 0.153 0.122 1.707 0.089 1.299 3.4% Sep-15 -0.207 0.169 -0.082 -1.222 0.223 0.813 18.7%

Sep-06 0.263 0.167 0.108 1.575 0.116 1.301 0.2% Dec-15 -0.089 0.166 -0.036 -0.538 0.591 0.915 12.5%

Dec-06 0.191 0.158 0.092 1.210 0.227 1.211 -7.0% Mar-16 -0.171 0.169 -0.067 -1.012 0.312 0.843 -7.8%

Mar-07 0.218 0.157 0.103 1.387 0.167 1.243 2.7% Jun-16 -0.114 0.186 -0.037 -0.612 0.541 0.892 5.8%

Jun-07 0.193 0.170 0.073 1.131 0.259 1.213 -2.5% Sep-16 -0.010 0.178 -0.003 -0.055 0.956 0.990 11.0%

Sep-07 0.267 0.171 0.108 1.567 0.118 1.306 7.7% Dec-16 -0.087 0.176 -0.031 -0.496 0.620 0.916 -7.5%

Dec-07 0.060 0.202 0.016 0.298 0.766 1.062 -18.7% Mar-17 -0.076 0.183 -0.025 -0.416 0.678 0.927 1.1%

Mar-08 0.060 0.216 0.015 0.276 0.782 1.061 0.0% Jun-17 0.190 0.184 0.061 1.031 0.303 1.209 30.5%

Jun-08 -0.063 0.179 -0.021 -0.351 0.726 0.939 -11.5% Sep-17 0.042 0.171 0.015 0.247 0.805 1.043 -13.7%

Sep-08 -0.281 0.214 -0.069 -1.313 0.190 0.755 -19.6% Dec-17 -0.001 0.178 0.000 -0.007 0.995 0.999 -4.3%

Dec-08 0.044 0.218 0.010 0.203 0.839 1.045 38.5% Mar-18 -0.091 0.194 -0.026 -0.467 0.641 0.913 -8.6%

Mar-09 -0.324 0.256 -0.061 -1.264 0.207 0.723 -30.8% Jun-18 0.023 0.169 0.009 0.135 0.893 1.023 12.0%

Jun-09 -0.488 0.223 -0.111 -2.189 0.029 0.614 -15.1%

Sep-09 -0.025 0.372 -0.003 -0.067 0.946 0.975 58.8%

Dec-09 -0.058 0.175 -0.021 -0.331 0.741 0.944 -3.2%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 9 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 9 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.28 Repeat Sales Regression: Rest UK with yield 

            
Source: Author’s calculations based on PropertyData database  

Rest UK - Repeat sales price change index based on transaction prices with yield Rest UK - Repeat sales price change index based on transaction prices with yield 
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.134 0.267 0.044 0.501 0.617 1.143 -3.0%

Mar-01 0.074 0.256 0.025 0.289 0.773 1.077 7.7% Jun-10 -0.135 0.263 -0.046 -0.513 0.609 0.874 -23.6%

Jun-01 -0.194 0.260 -0.067 -0.744 0.458 0.824 -23.5% Sep-10 -0.267 0.257 -0.097 -1.039 0.300 0.766 -12.4%

Sep-01 0.012 0.253 0.005 0.048 0.962 1.012 22.8% Dec-10 -0.084 0.251 -0.033 -0.334 0.739 0.920 20.1%

Dec-01 0.139 0.273 0.043 0.508 0.612 1.149 13.5% Mar-11 -0.020 0.237 -0.008 -0.084 0.933 0.980 6.6%

Mar-02 0.124 0.330 0.027 0.376 0.707 1.132 -1.4% Jun-11 -0.077 0.283 -0.022 -0.273 0.785 0.926 -5.6%

Jun-02 -0.160 0.257 -0.057 -0.621 0.536 0.852 -24.7% Sep-11 -0.179 0.261 -0.049 -0.685 0.494 0.836 -9.7%

Sep-02 0.152 0.214 0.077 0.712 0.477 1.165 36.6% Dec-11 -0.030 0.352 -0.005 -0.085 0.932 0.971 16.1%

Dec-02 0.284 0.252 0.123 1.126 0.262 1.328 14.0% Mar-12 -0.004 0.367 -0.001 -0.011 0.992 0.996 2.6%

Mar-03 0.044 0.264 0.015 0.168 0.866 1.045 -21.3% Jun-12 -0.189 0.250 -0.073 -0.755 0.451 0.828 -16.9%

Jun-03 0.416 0.355 0.077 1.170 0.243 1.516 45.0% Sep-12 -0.027 0.287 -0.007 -0.092 0.927 0.974 17.6%

Sep-03 0.037 0.249 0.014 0.148 0.882 1.038 -31.5% Dec-12 -0.426 0.269 -0.135 -1.585 0.115 0.653 -33.0%

Dec-03 0.163 0.236 0.080 0.691 0.490 1.177 13.5% Mar-13 -0.321 0.291 -0.085 -1.101 0.272 0.725 11.1%

Mar-04 0.300 0.252 0.113 1.191 0.235 1.350 14.7% Jun-13 -0.235 0.260 -0.083 -0.905 0.367 0.790 8.9%

Jun-04 0.194 0.230 0.106 0.842 0.401 1.214 -10.1% Sep-13 -0.234 0.255 -0.086 -0.918 0.360 0.791 0.1%

Sep-04 -0.144 0.237 -0.049 -0.609 0.543 0.866 -28.7% Dec-13 -0.089 0.253 -0.034 -0.352 0.725 0.915 15.6%

Dec-04 0.125 0.234 0.065 0.535 0.593 1.134 31.0% Mar-14 0.161 0.381 0.026 0.422 0.673 1.174 28.4%

Mar-05 0.386 0.273 0.116 1.417 0.158 1.472 29.8% Jun-14 0.082 0.281 0.024 0.292 0.770 1.086 -7.5%

Jun-05 0.244 0.239 0.111 1.022 0.308 1.277 -13.2% Sep-14 -0.166 0.240 -0.079 -0.689 0.491 0.847 -22.0%

Sep-05 0.398 0.238 0.196 1.671 0.096 1.488 16.6% Dec-14 0.224 0.238 0.105 0.942 0.347 1.251 47.6%

Dec-05 0.353 0.260 0.142 1.358 0.176 1.423 -4.4% Mar-15 -0.031 0.254 -0.011 -0.122 0.903 0.970 -22.5%

Mar-06 0.374 0.237 0.185 1.577 0.116 1.454 2.1% Jun-15 -0.211 0.273 -0.065 -0.774 0.440 0.810 -16.5%

Jun-06 0.412 0.238 0.193 1.727 0.086 1.510 3.9% Sep-15 0.195 0.236 0.087 0.824 0.411 1.215 50.1%

Sep-06 0.322 0.258 0.118 1.251 0.212 1.380 -8.6% Dec-15 0.225 0.242 0.097 0.928 0.355 1.252 3.1%

Dec-06 0.552 0.234 0.275 2.360 0.019 1.737 25.8% Mar-16 0.096 0.249 0.039 0.384 0.701 1.100 -12.1%

Mar-07 0.246 0.234 0.117 1.052 0.294 1.278 -26.4% Jun-16 0.229 0.397 0.035 0.576 0.565 1.257 14.3%

Jun-07 0.429 0.254 0.153 1.687 0.093 1.536 20.1% Sep-16 0.067 0.268 0.022 0.251 0.802 1.070 -14.9%

Sep-07 0.130 0.272 0.047 0.478 0.633 1.139 -25.8% Dec-16 0.080 0.271 0.025 0.295 0.768 1.083 1.3%

Dec-07 0.268 0.262 0.087 1.021 0.308 1.307 14.8% Mar-17 0.042 0.265 0.014 0.157 0.875 1.043 -3.8%

Mar-08 0.280 0.292 0.077 0.959 0.339 1.323 1.2% Jun-17 0.776 0.249 0.305 3.115 0.002 2.172 108.4%

Jun-08 0.141 0.263 0.049 0.536 0.592 1.152 -13.0% Sep-17 0.239 0.264 0.077 0.905 0.366 1.269 -41.6%

Sep-08 -0.094 0.323 -0.020 -0.292 0.770 0.910 -21.0% Dec-17 0.326 0.258 0.114 1.264 0.208 1.385 9.1%

Dec-08 0.563 0.327 0.119 1.718 0.087 1.755 92.9% Mar-18 0.176 0.284 0.050 0.620 0.536 1.192 -13.9%

Mar-09 -0.415 0.440 -0.056 -0.944 0.346 0.660 -62.4% Jun-18 0.322 0.242 0.146 1.332 0.184 1.380 15.7%

Jun-09 -0.254 0.276 -0.075 -0.921 0.358 0.776 17.5%

Sep-09 -0.162 0.420 -0.026 -0.386 0.700 0.850 9.6%

Dec-09 0.165 0.274 0.053 0.600 0.549 1.179 38.6%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 9 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.29 Repeat Sales Regression: Rest UK with yield and additional flagging 

 

Source: Author’s calculations based on PropertyData database 

Rest UK - Repeat sales price change index based on transaction prices with yield - Flagged* Rest UK - Repeat sales price change index based on transaction prices with yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.054 0.235 0.019 0.231 0.818 1.056 2.3%

Mar-01 0.002 0.229 0.001 0.009 0.993 1.002 0.2% Jun-10 -0.279 0.231 -0.105 -1.209 0.228 0.757 -28.3%

Jun-01 -0.149 0.234 -0.052 -0.634 0.527 0.862 -14.0% Sep-10 -0.390 0.226 -0.157 -1.730 0.085 0.677 -10.5%

Sep-01 -0.054 0.223 -0.023 -0.244 0.808 0.947 9.9% Dec-10 -0.170 0.222 -0.071 -0.765 0.445 0.844 24.7%

Dec-01 0.095 0.243 0.031 0.391 0.697 1.099 16.1% Mar-11 -0.124 0.206 -0.054 -0.602 0.548 0.883 4.7%

Mar-02 0.052 0.287 0.012 0.182 0.856 1.054 -4.2% Jun-11 -0.127 0.251 -0.038 -0.506 0.613 0.881 -0.3%

Jun-02 -0.295 0.228 -0.114 -1.291 0.198 0.745 -29.3% Sep-11 -0.346 0.224 -0.106 -1.542 0.125 0.708 -19.6%

Sep-02 0.054 0.192 0.029 0.283 0.778 1.056 41.8% Dec-11 0.044 0.306 0.009 0.144 0.885 1.045 47.7%

Dec-02 0.137 0.224 0.064 0.614 0.540 1.147 8.7% Mar-12 -0.127 0.315 -0.025 -0.404 0.686 0.880 -15.8%

Mar-03 -0.041 0.232 -0.015 -0.175 0.861 0.960 -16.3% Jun-12 -0.255 0.220 -0.109 -1.160 0.247 0.775 -12.0%

Jun-03 0.382 0.314 0.076 1.218 0.225 1.465 52.6% Sep-12 -0.140 0.255 -0.041 -0.551 0.582 0.869 12.2%

Sep-03 -0.069 0.221 -0.029 -0.310 0.757 0.934 -36.3% Dec-12 -0.518 0.236 -0.181 -2.194 0.029 0.596 -31.4%

Dec-03 0.058 0.209 0.031 0.280 0.780 1.060 13.5% Mar-13 -0.177 0.278 -0.044 -0.638 0.524 0.837 40.5%

Mar-04 0.222 0.228 0.085 0.976 0.330 1.249 17.8% Jun-13 -0.433 0.233 -0.159 -1.859 0.065 0.649 -22.6%

Jun-04 0.119 0.205 0.069 0.583 0.560 1.127 -9.8% Sep-13 -0.308 0.225 -0.120 -1.369 0.173 0.735 13.4%

Sep-04 0.099 0.215 0.035 0.461 0.646 1.104 -2.0% Dec-13 -0.195 0.223 -0.080 -0.871 0.385 0.823 12.0%

Dec-04 0.019 0.206 0.011 0.091 0.928 1.019 -7.7% Mar-14 0.075 0.321 0.014 0.235 0.815 1.078 31.0%

Mar-05 0.309 0.247 0.096 1.254 0.211 1.363 33.7% Jun-14 -0.420 0.260 -0.121 -1.618 0.107 0.657 -39.1%

Jun-05 0.158 0.214 0.075 0.738 0.462 1.171 -14.1% Sep-14 -0.287 0.212 -0.149 -1.356 0.177 0.750 14.2%

Sep-05 0.303 0.210 0.160 1.439 0.152 1.353 15.6% Dec-14 0.092 0.210 0.046 0.436 0.663 1.096 46.0%

Dec-05 0.219 0.232 0.092 0.943 0.347 1.245 -8.0% Mar-15 -0.089 0.223 -0.036 -0.400 0.690 0.915 -16.5%

Mar-06 0.237 0.209 0.127 1.133 0.259 1.268 1.8% Jun-15 -0.317 0.235 -0.112 -1.347 0.180 0.728 -20.4%

Jun-06 0.304 0.210 0.156 1.445 0.150 1.355 6.9% Sep-15 -0.077 0.211 -0.037 -0.364 0.716 0.926 27.2%

Sep-06 0.332 0.229 0.131 1.450 0.149 1.394 2.9% Dec-15 0.089 0.214 0.042 0.417 0.677 1.093 18.0%

Dec-06 0.469 0.207 0.256 2.268 0.024 1.598 14.7% Mar-16 0.026 0.219 0.011 0.118 0.906 1.026 -6.1%

Mar-07 0.297 0.208 0.149 1.431 0.154 1.346 -15.8% Jun-16 0.190 0.332 0.035 0.573 0.567 1.209 17.9%

Jun-07 0.316 0.225 0.122 1.400 0.163 1.371 1.8% Sep-16 0.046 0.237 0.016 0.193 0.847 1.047 -13.5%

Sep-07 -0.116 0.254 -0.040 -0.455 0.649 0.891 -35.0% Dec-16 -0.103 0.236 -0.037 -0.437 0.663 0.902 -13.8%

Dec-07 0.190 0.231 0.067 0.824 0.411 1.210 35.8% Mar-17 -0.052 0.230 -0.019 -0.225 0.822 0.950 5.3%

Mar-08 0.193 0.259 0.057 0.746 0.457 1.213 0.3% Jun-17 0.414 0.230 0.153 1.799 0.074 1.513 59.3%

Jun-08 -0.029 0.231 -0.011 -0.127 0.899 0.971 -20.0% Sep-17 0.148 0.229 0.054 0.648 0.518 1.160 -23.3%

Sep-08 -0.247 0.282 -0.060 -0.878 0.381 0.781 -19.6% Dec-17 0.221 0.224 0.089 0.989 0.324 1.248 7.6%

Dec-08 0.496 0.295 0.108 1.679 0.095 1.642 110.2% Mar-18 0.068 0.249 0.021 0.272 0.786 1.070 -14.3%

Mar-09 -0.172 0.391 -0.025 -0.439 0.661 0.842 -48.7% Jun-18 0.188 0.213 0.093 0.883 0.379 1.207 12.8%

Jun-09 -0.371 0.247 -0.113 -1.504 0.134 0.690 -18.1%

Sep-09 -0.408 0.396 -0.065 -1.029 0.305 0.665 -3.6%

Dec-09 0.031 0.245 0.011 0.128 0.898 1.032 55.1%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 9 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.30 Repeat Sales Regression: All UK excl. London with/without yield 

            
Source: Author’s calculations based on PropertyData database  

All UK excl. London - Repeat sales price change index based on transaction prices with/without yield All UK excl. London - Repeat sales price change index based on transaction prices with/without yield
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.009 0.148 0.003 0.062 0.950 1.009 18.8%

Mar-01 -0.279 0.152 -0.084 -1.836 0.067 0.757 -24.3% Jun-10 -0.206 0.150 -0.065 -1.373 0.170 0.814 -19.4%

Jun-01 -0.367 0.159 -0.102 -2.306 0.021 0.692 -8.5% Sep-10 -0.574 0.146 -0.196 -3.919 0.000 0.563 -30.7%

Sep-01 -0.338 0.143 -0.120 -2.362 0.018 0.713 3.0% Dec-10 -0.337 0.156 -0.098 -2.162 0.031 0.714 26.7%

Dec-01 -0.230 0.157 -0.065 -1.468 0.142 0.794 11.4% Mar-11 -0.377 0.145 -0.126 -2.591 0.010 0.686 -3.9%

Mar-02 -0.240 0.159 -0.065 -1.507 0.132 0.787 -1.0% Jun-11 -0.311 0.166 -0.079 -1.873 0.062 0.733 6.8%

Jun-02 -0.228 0.146 -0.077 -1.556 0.120 0.796 1.3% Sep-11 -0.246 0.150 -0.075 -1.635 0.103 0.782 6.7%

Sep-02 -0.178 0.132 -0.074 -1.342 0.180 0.837 5.1% Dec-11 -0.204 0.176 -0.046 -1.160 0.246 0.815 4.3%

Dec-02 -0.195 0.148 -0.067 -1.323 0.186 0.823 -1.7% Mar-12 -0.550 0.184 -0.116 -2.989 0.003 0.577 -29.3%

Mar-03 -0.134 0.154 -0.040 -0.867 0.386 0.875 6.3% Jun-12 -0.493 0.163 -0.128 -3.021 0.003 0.611 5.9%

Jun-03 -0.175 0.163 -0.046 -1.071 0.284 0.840 -4.0% Sep-12 -0.440 0.160 -0.123 -2.753 0.006 0.644 5.4%

Sep-03 -0.221 0.136 -0.085 -1.622 0.105 0.801 -4.5% Dec-12 -0.439 0.176 -0.099 -2.494 0.013 0.645 0.1%

Dec-03 -0.186 0.141 -0.071 -1.319 0.188 0.830 3.6% Mar-13 -0.471 0.178 -0.105 -2.641 0.008 0.624 -3.1%

Mar-04 -0.092 0.153 -0.028 -0.599 0.550 0.912 9.9% Jun-13 -0.576 0.149 -0.185 -3.876 0.000 0.562 -10.0%

Jun-04 -0.205 0.135 -0.086 -1.519 0.129 0.814 -10.7% Sep-13 -0.511 0.145 -0.181 -3.520 0.000 0.600 6.7%

Sep-04 -0.186 0.138 -0.069 -1.349 0.178 0.830 1.9% Dec-13 -0.339 0.145 -0.121 -2.345 0.019 0.712 18.8%

Dec-04 -0.050 0.135 -0.021 -0.369 0.713 0.952 14.6% Mar-14 -0.464 0.143 -0.174 -3.247 0.001 0.628 -11.8%

Mar-05 0.004 0.152 0.001 0.029 0.977 1.004 5.6% Jun-14 -0.267 0.142 -0.098 -1.884 0.060 0.766 21.8%

Jun-05 0.014 0.136 0.006 0.102 0.918 1.014 0.9% Sep-14 -0.178 0.143 -0.066 -1.240 0.215 0.837 9.3%

Sep-05 0.009 0.150 0.003 0.061 0.951 1.009 -0.5% Dec-14 -0.209 0.138 -0.086 -1.508 0.132 0.811 -3.1%

Dec-05 -0.007 0.142 -0.003 -0.053 0.958 0.993 -1.6% Mar-15 -0.214 0.144 -0.077 -1.486 0.138 0.807 -0.5%

Mar-06 0.152 0.138 0.064 1.101 0.271 1.164 17.2% Jun-15 -0.157 0.150 -0.049 -1.048 0.295 0.854 5.8%

Jun-06 0.211 0.136 0.085 1.555 0.120 1.235 6.1% Sep-15 -0.112 0.140 -0.044 -0.804 0.422 0.894 4.6%

Sep-06 0.120 0.137 0.051 0.872 0.383 1.127 -8.8% Dec-15 -0.129 0.142 -0.049 -0.909 0.364 0.879 -1.6%

Dec-06 0.234 0.133 0.112 1.762 0.078 1.264 12.1% Mar-16 -0.053 0.147 -0.018 -0.363 0.717 0.948 7.8%

Mar-07 0.095 0.137 0.039 0.694 0.488 1.100 -13.0% Jun-16 -0.155 0.162 -0.041 -0.956 0.340 0.857 -9.6%

Jun-07 0.145 0.145 0.047 1.003 0.316 1.156 5.1% Sep-16 -0.074 0.162 -0.020 -0.458 0.647 0.929 8.4%

Sep-07 0.187 0.147 0.064 1.273 0.203 1.205 4.2% Dec-16 -0.029 0.154 -0.009 -0.189 0.850 0.971 4.6%

Dec-07 -0.081 0.167 -0.020 -0.486 0.627 0.922 -23.5% Mar-17 -0.091 0.148 -0.031 -0.616 0.538 0.913 -6.0%

Mar-08 -0.037 0.153 -0.011 -0.242 0.809 0.964 4.5% Jun-17 0.249 0.158 0.071 1.579 0.115 1.282 40.5%

Jun-08 -0.095 0.158 -0.027 -0.603 0.547 0.909 -5.6% Sep-17 0.077 0.143 0.028 0.537 0.591 1.080 -15.8%

Sep-08 -0.264 0.185 -0.054 -1.429 0.154 0.768 -15.5% Dec-17 0.080 0.151 0.025 0.532 0.595 1.084 0.3%

Dec-08 -0.161 0.168 -0.039 -0.953 0.341 0.852 10.9% Mar-18 0.037 0.157 0.010 0.236 0.813 1.038 -4.2%

Mar-09 -0.382 0.161 -0.104 -2.376 0.018 0.683 -19.8% Jun-18 0.000 0.154 0.000 -0.001 0.999 1.000 -3.7%

Jun-09 -0.561 0.178 -0.124 -3.156 0.002 0.571 -16.4%

Sep-09 -0.363 0.178 -0.082 -2.037 0.042 0.696 21.9%

Dec-09 -0.163 0.156 -0.048 -1.045 0.296 0.849 22.1%

b. Linear Regression through the Origin b. Linear Regression through the Origin

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.31 Repeat Sales Regression: All UK excl. London with/without yield and additional flagging 

                       

Source: Author’s calculations based on PropertyData database 

All UK excl. London - Repeat sales price change index based on transaction prices with/without yield - Flagged* All UK excl. London - Repeat sales price change index based on transaction prices with/without yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 -0.218 0.095 -0.079 -2.285 0.023 0.804 14.2%

Mar-01 -0.440 0.104 -0.142 -4.220 0.000 0.644 -35.6% Jun-10 -0.408 0.093 -0.150 -4.368 0.000 0.665 -17.3%

Jun-01 -0.493 0.111 -0.147 -4.460 0.000 0.611 -5.2% Sep-10 -0.677 0.092 -0.261 -7.347 0.000 0.508 -23.6%

Sep-01 -0.462 0.087 -0.194 -5.296 0.000 0.630 3.2% Dec-10 -0.512 0.102 -0.165 -5.010 0.000 0.599 17.9%

Dec-01 -0.383 0.101 -0.127 -3.784 0.000 0.681 8.1% Mar-11 -0.555 0.095 -0.203 -5.834 0.000 0.574 -4.2%

Mar-02 -0.344 0.105 -0.106 -3.280 0.001 0.709 4.0% Jun-11 -0.477 0.115 -0.134 -4.157 0.000 0.621 8.2%

Jun-02 -0.456 0.091 -0.171 -5.018 0.000 0.634 -10.6% Sep-11 -0.445 0.100 -0.153 -4.466 0.000 0.641 3.3%

Sep-02 -0.373 0.083 -0.167 -4.476 0.000 0.689 8.7% Dec-11 -0.509 0.128 -0.125 -3.968 0.000 0.601 -6.2%

Dec-02 -0.386 0.095 -0.140 -4.080 0.000 0.680 -1.3% Mar-12 -0.625 0.134 -0.145 -4.660 0.000 0.535 -11.0%

Mar-03 -0.291 0.101 -0.096 -2.875 0.004 0.747 9.9% Jun-12 -0.655 0.109 -0.195 -5.983 0.000 0.520 -2.9%

Jun-03 -0.359 0.111 -0.103 -3.229 0.001 0.699 -6.5% Sep-12 -0.656 0.118 -0.181 -5.553 0.000 0.519 -0.2%

Sep-03 -0.328 0.085 -0.137 -3.855 0.000 0.720 3.1% Dec-12 -0.628 0.119 -0.166 -5.286 0.000 0.534 2.9%

Dec-03 -0.367 0.085 -0.155 -4.320 0.000 0.693 -3.8% Mar-13 -0.571 0.127 -0.139 -4.484 0.000 0.565 5.8%

Mar-04 -0.205 0.108 -0.063 -1.893 0.059 0.815 17.5% Jun-13 -0.767 0.101 -0.262 -7.622 0.000 0.464 -17.8%

Jun-04 -0.347 0.085 -0.149 -4.094 0.000 0.707 -13.3% Sep-13 -0.722 0.091 -0.284 -7.915 0.000 0.486 4.6%

Sep-04 -0.263 0.092 -0.103 -2.865 0.004 0.769 8.8% Dec-13 -0.530 0.088 -0.215 -6.032 0.000 0.588 21.1%

Dec-04 -0.230 0.083 -0.104 -2.765 0.006 0.795 3.4% Mar-14 -0.651 0.087 -0.273 -7.443 0.000 0.522 -11.4%

Mar-05 -0.173 0.107 -0.053 -1.621 0.105 0.841 5.8% Jun-14 -0.560 0.090 -0.226 -6.243 0.000 0.571 9.6%

Jun-05 -0.164 0.081 -0.072 -2.026 0.043 0.849 0.9% Sep-14 -0.362 0.088 -0.150 -4.119 0.000 0.697 21.9%

Sep-05 -0.059 0.100 -0.020 -0.590 0.556 0.943 11.1% Dec-14 -0.388 0.082 -0.179 -4.732 0.000 0.678 -2.6%

Dec-05 -0.172 0.088 -0.073 -1.955 0.051 0.842 -10.7% Mar-15 -0.391 0.086 -0.166 -4.565 0.000 0.676 -0.3%

Mar-06 -0.054 0.082 -0.026 -0.659 0.510 0.947 12.6% Jun-15 -0.360 0.097 -0.125 -3.705 0.000 0.698 3.1%

Jun-06 0.020 0.084 0.009 0.236 0.813 1.020 7.7% Sep-15 -0.380 0.085 -0.168 -4.475 0.000 0.684 -2.0%

Sep-06 -0.017 0.081 -0.008 -0.213 0.831 0.983 -3.6% Dec-15 -0.319 0.085 -0.138 -3.745 0.000 0.727 6.3%

Dec-06 - - - - - - 1.7% Mar-16 -0.340 0.090 -0.134 -3.762 0.000 0.712 -2.1%

Mar-07 0.017 0.084 0.008 0.206 0.837 1.018 1.8% Jun-16 -0.346 0.100 -0.114 -3.466 0.001 0.707 -0.7%

Jun-07 -0.048 0.095 -0.018 -0.509 0.611 0.953 -6.3% Sep-16 -0.256 0.109 -0.078 -2.350 0.019 0.774 9.4%

Sep-07 0.052 0.094 0.020 0.557 0.578 1.054 10.6% Dec-16 -0.227 0.098 -0.078 -2.322 0.020 0.797 3.0%

Dec-07 -0.205 0.111 -0.060 -1.839 0.066 0.815 -22.7% Mar-17 -0.341 0.096 -0.126 -3.559 0.000 0.711 -10.8%

Mar-08 -0.206 0.101 -0.070 -2.049 0.041 0.813 -0.2% Jun-17 -0.085 0.115 -0.024 -0.738 0.461 0.919 29.2%

Jun-08 -0.263 0.104 -0.082 -2.520 0.012 0.769 -5.5% Sep-17 -0.160 0.087 -0.067 -1.848 0.065 0.852 -7.2%

Sep-08 -0.351 0.134 -0.081 -2.613 0.009 0.704 -8.4% Dec-17 -0.131 0.093 -0.047 -1.414 0.158 0.877 2.9%

Dec-08 -0.329 0.123 -0.080 -2.663 0.008 0.720 2.3% Mar-18 -0.178 0.099 -0.061 -1.795 0.073 0.837 -4.6%

Mar-09 -0.569 0.107 -0.172 -5.297 0.000 0.566 -21.3% Jun-18 -0.223 0.097 -0.078 -2.291 0.022 0.800 -4.4%

Jun-09 -0.780 0.132 -0.185 -5.918 0.000 0.458 -19.0%

Sep-09 -0.528 0.128 -0.131 -4.110 0.000 0.590 28.6%

Dec-09 -0.351 0.102 -0.115 -3.423 0.001 0.704 19.4%

% Change figures taken from separate calculation where change in index dummy variables applied

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 33 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 33 properties removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.32 Repeat Sales Regression: All UK excl. London with yield

            
Source: Author’s calculations based on PropertyData database  

All UK excl. London - Repeat sales price change index based on transaction prices with yield All UK excl. London - Repeat sales price change index based on transaction prices with yield
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.150 0.147 0.062 1.015 0.311 1.161 0.5%

Mar-01 0.100 0.154 0.036 0.649 0.517 1.105 10.5% Jun-10 0.160 0.151 0.064 1.063 0.288 1.174 1.1%

Jun-01 -0.067 0.161 -0.022 -0.417 0.677 0.935 -15.4% Sep-10 -0.100 0.161 -0.033 -0.619 0.536 0.905 -22.9%

Sep-01 0.002 0.150 0.001 0.011 0.991 1.002 7.1% Dec-10 -0.039 0.152 -0.015 -0.258 0.797 0.962 6.3%

Dec-01 0.041 0.165 0.013 0.250 0.802 1.042 4.0% Mar-11 -0.168 0.149 -0.064 -1.130 0.259 0.845 -12.1%

Mar-02 0.217 0.188 0.052 1.149 0.251 1.242 19.2% Jun-11 0.034 0.172 0.010 0.198 0.843 1.035 22.4%

Jun-02 -0.052 0.153 -0.020 -0.343 0.732 0.949 -23.6% Sep-11 -0.002 0.152 -0.001 -0.013 0.990 0.998 -3.5%

Sep-02 0.149 0.136 0.070 1.094 0.275 1.161 22.3% Dec-11 -0.026 0.191 -0.006 -0.134 0.893 0.975 -2.3%

Dec-02 0.233 0.157 0.087 1.490 0.137 1.263 8.8% Mar-12 0.065 0.214 0.013 0.305 0.760 1.068 9.5%

Mar-03 0.127 0.165 0.040 0.768 0.443 1.135 -10.1% Jun-12 -0.166 0.161 -0.055 -1.032 0.303 0.847 -20.7%

Jun-03 0.199 0.178 0.054 1.119 0.264 1.220 7.5% Sep-12 -0.151 0.161 -0.053 -0.943 0.346 0.859 1.5%

Sep-03 0.139 0.148 0.059 0.938 0.349 1.149 -5.9% Dec-12 -0.357 0.178 -0.097 -2.001 0.046 0.700 -18.6%

Dec-03 0.155 0.145 0.070 1.070 0.285 1.168 1.7% Mar-13 -0.274 0.181 -0.074 -1.510 0.132 0.760 8.7%

Mar-04 0.303 0.156 0.112 1.946 0.052 1.354 15.9% Jun-13 -0.336 0.155 -0.126 -2.172 0.030 0.715 -6.0%

Jun-04 0.244 0.136 0.123 1.791 0.074 1.277 -5.7% Sep-13 -0.095 0.155 -0.035 -0.614 0.539 0.909 27.2%

Sep-04 -0.058 0.144 -0.023 -0.403 0.687 0.943 -26.1% Dec-13 -0.036 0.152 -0.014 -0.236 0.814 0.965 6.1%

Dec-04 0.155 0.138 0.074 1.122 0.263 1.168 23.8% Mar-14 0.011 0.156 0.004 0.071 0.943 1.011 4.8%

Mar-05 0.292 0.153 0.094 1.902 0.058 1.339 14.6% Jun-14 0.026 0.152 0.010 0.169 0.866 1.026 1.5%

Jun-05 0.296 0.143 0.140 2.069 0.039 1.344 0.4% Sep-14 -0.001 0.149 -0.001 -0.010 0.992 0.999 -2.7%

Sep-05 0.417 0.151 0.166 2.758 0.006 1.517 12.9% Dec-14 0.142 0.142 0.070 0.999 0.318 1.153 15.5%

Dec-05 0.405 0.146 0.187 2.766 0.006 1.500 -1.2% Mar-15 0.051 0.146 0.022 0.347 0.729 1.052 -8.7%

Mar-06 0.402 0.147 0.176 2.740 0.006 1.494 -0.3% Jun-15 0.207 0.157 0.074 1.320 0.187 1.230 16.9%

Jun-06 0.451 0.145 0.203 3.119 0.002 1.570 5.1% Sep-15 0.146 0.139 0.072 1.047 0.296 1.157 -5.9%

Sep-06 0.459 0.141 0.230 3.255 0.001 1.582 0.8% Dec-15 0.152 0.144 0.070 1.050 0.294 1.164 0.6%

Dec-06 0.508 0.138 0.279 3.689 0.000 1.663 5.1% Mar-16 0.223 0.149 0.094 1.499 0.134 1.250 7.5%

Mar-07 0.395 0.146 0.176 2.711 0.007 1.484 -10.7% Jun-16 0.369 0.212 0.074 1.744 0.082 1.446 15.7%

Jun-07 0.422 0.150 0.150 2.806 0.005 1.525 2.8% Sep-16 0.063 0.175 0.018 0.357 0.721 1.065 -26.4%

Sep-07 0.290 0.158 0.103 1.837 0.067 1.337 -12.3% Dec-16 0.295 0.161 0.099 1.833 0.067 1.343 26.2%

Dec-07 0.289 0.173 0.082 1.673 0.095 1.335 -0.2% Mar-17 0.189 0.150 0.076 1.260 0.208 1.208 -10.1%

Mar-08 0.262 0.157 0.092 1.671 0.095 1.299 -2.6% Jun-17 0.621 0.159 0.212 3.895 0.000 1.861 54.0%

Jun-08 0.212 0.162 0.069 1.306 0.192 1.236 -4.9% Sep-17 0.335 0.148 0.141 2.265 0.024 1.398 -24.8%

Sep-08 -0.068 0.203 -0.015 -0.335 0.738 0.934 -24.4% Dec-17 0.438 0.152 0.173 2.884 0.004 1.549 10.8%

Dec-08 0.174 0.173 0.050 1.009 0.314 1.190 27.4% Mar-18 0.349 0.159 0.120 2.191 0.029 1.418 -8.5%

Mar-09 -0.090 0.163 -0.029 -0.552 0.582 0.914 -23.2% Jun-18 0.282 0.152 0.111 1.858 0.064 1.325 -6.5%

Jun-09 -0.240 0.169 -0.071 -1.422 0.156 0.786 -14.0%

Sep-09 -0.062 0.173 -0.019 -0.360 0.719 0.940 19.5%

Dec-09 0.144 0.166 0.046 0.868 0.386 1.155 22.9%

b. Linear Regression through the Origin b. Linear Regression through the Origin

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.33 Repeat Sales Regression: All UK excl. London with yield and additional flagging 

                   
Source: Author’s calculations based on PropertyData database 

All UK excl. London - Repeat sales price change index based on transaction prices with yield - Flagged* All UK excl. London - Repeat sales price change index based on transaction prices with yield - Flagged*
Repeat sales index reflects Case Shiller methodology adjusting for holding period Repeat sales index reflects Case Shiller methodology adjusting for holding period

Stzd. 
Coefficients t Sig.

Index from 
base

% price 
change per 

qtr
Stzd. 

Coefficients t Sig.
Index from 

base
% price 

change per qtr

Beta Beta

Dec-00 1.000 Mar-10 0.155 0.122 0.075 1.272 0.204 1.168 22.3%

Mar-01 0.081 0.130 0.033 0.624 0.533 1.085 8.5% Jun-10 0.121 0.125 0.056 0.970 0.333 0.665 -43.1%

Jun-01 0.005 0.138 0.002 0.034 0.973 1.005 -7.4% Sep-10 -0.067 0.135 -0.025 -0.493 0.622 0.508 -23.6%

Sep-01 -0.013 0.124 -0.006 -0.107 0.915 0.987 -1.8% Dec-10 -0.056 0.127 -0.025 -0.444 0.658 0.599 17.9%

Dec-01 0.049 0.138 0.017 0.355 0.723 1.050 6.4% Mar-11 0.002 0.128 0.001 0.015 0.988 0.574 -4.2%

Mar-02 0.217 0.158 0.059 1.369 0.172 1.242 18.3% Jun-11 0.030 0.145 0.010 0.204 0.838 0.621 8.2%

Jun-02 -0.071 0.127 -0.030 -0.557 0.578 0.932 -25.0% Sep-11 -0.049 0.124 -0.020 -0.394 0.694 0.641 3.3%

Sep-02 0.105 0.115 0.055 0.911 0.363 1.110 19.2% Dec-11 -0.004 0.159 -0.001 -0.023 0.982 0.601 -6.2%

Dec-02 0.228 0.131 0.095 1.738 0.083 1.256 13.2% Mar-12 -0.025 0.181 -0.006 -0.139 0.889 0.535 -11.0%

Mar-03 0.122 0.137 0.044 0.888 0.375 1.130 -10.1% Jun-12 -0.181 0.133 -0.069 -1.362 0.174 0.520 -2.9%

Jun-03 0.202 0.149 0.062 1.354 0.176 1.223 8.3% Sep-12 -0.199 0.136 -0.076 -1.467 0.143 0.519 -0.2%

Sep-03 0.106 0.123 0.052 0.860 0.391 1.112 -9.1% Dec-12 -0.380 0.148 -0.119 -2.570 0.010 0.534 2.9%

Dec-03 0.139 0.121 0.071 1.150 0.251 1.150 3.4% Mar-13 -0.162 0.156 -0.047 -1.038 0.300 0.565 5.8%

Mar-04 0.293 0.133 0.114 2.195 0.029 1.340 16.6% Jun-13 -0.382 0.129 -0.160 -2.955 0.003 0.464 -17.8%

Jun-04 0.250 0.114 0.139 2.187 0.029 1.285 -4.2% Sep-13 -0.162 0.129 -0.068 -1.252 0.211 0.486 4.6%

Sep-04 0.087 0.121 0.039 0.715 0.475 1.090 -15.1% Dec-13 -0.078 0.125 -0.035 -0.626 0.532 0.588 21.1%

Dec-04 0.156 0.116 0.083 1.352 0.177 1.169 7.2% Mar-14 -0.013 0.130 -0.006 -0.102 0.919 0.522 -11.4%

Mar-05 0.256 0.128 0.094 1.991 0.047 1.292 10.5% Jun-14 -0.068 0.130 -0.029 -0.526 0.599 0.571 9.6%

Jun-05 0.289 0.120 0.152 2.412 0.016 1.335 3.4% Sep-14 -0.025 0.124 -0.012 -0.202 0.840 0.697 21.9%

Sep-05 0.407 0.126 0.182 3.223 0.001 1.503 12.6% Dec-14 0.150 0.119 0.082 1.259 0.209 0.678 -2.6%

Dec-05 0.394 0.122 0.205 3.233 0.001 1.483 -1.3% Mar-15 0.027 0.121 0.014 0.223 0.824 0.676 -0.3%

Mar-06 0.374 0.122 0.188 3.074 0.002 1.454 -2.0% Jun-15 0.148 0.132 0.059 1.127 0.260 0.698 3.1%

Jun-06 0.445 0.121 0.229 3.695 0.000 1.561 7.4% Sep-15 0.086 0.115 0.049 0.753 0.452 0.684 -2.0%

Sep-06 0.467 0.117 0.269 3.987 0.000 1.595 2.2% Dec-15 0.097 0.120 0.051 0.806 0.421 0.727 6.3%

Dec-06 0.442 0.115 0.274 3.845 0.000 1.556 - Mar-16 0.172 0.123 0.085 1.401 0.162 0.712 -2.1%

Mar-07 0.453 0.122 0.224 3.708 0.000 1.572 - Jun-16 0.361 0.167 0.091 2.158 0.031 0.707 -0.7%

Jun-07 0.274 0.126 0.108 2.175 0.030 1.316 -16.3% Sep-16 0.094 0.146 0.031 0.644 0.520 0.774 9.4%

Sep-07 0.355 0.138 0.127 2.567 0.011 1.426 8.4% Dec-16 0.274 0.131 0.110 2.092 0.037 0.797 3.0%

Dec-07 0.309 0.143 0.102 2.162 0.031 1.362 -4.5% Mar-17 0.125 0.124 0.058 1.007 0.315 0.711 -10.8%

Mar-08 0.247 0.131 0.099 1.888 0.060 1.280 -6.0% Jun-17 0.426 0.138 0.150 3.081 0.002 0.919 29.2%

Jun-08 0.198 0.135 0.073 1.461 0.145 1.219 -4.7% Sep-17 0.283 0.123 0.136 2.299 0.022 0.852 -7.2%

Sep-08 -0.058 0.169 -0.014 -0.343 0.731 0.944 -22.6% Dec-17 0.290 0.128 0.125 2.263 0.024 0.877 2.9%

Dec-08 0.179 0.148 0.055 1.211 0.226 1.196 26.8% Mar-18 0.246 0.132 0.097 1.857 0.064 0.837 -4.6%

Mar-09 -0.123 0.136 -0.045 -0.899 0.369 0.885 -26.1% Jun-18 0.193 0.127 0.085 1.521 0.129 0.800 -4.4%

Jun-09 -0.248 0.143 -0.080 -1.731 0.084 0.780 -11.8%

Sep-09 -0.047 0.145 -0.016 -0.322 0.747 0.954 22.3%

Dec-09 -0.046 0.143 -0.015 -0.319 0.750 0.955 0.1%

b. Linear Regression through the Origin b. Linear Regression through the Origin
* - 14 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run * - 14 repeat sales removed from sample before 3 stages (equations 7a, 7b & 7c) run

Coefficients a,b Coefficients a,b

a. Dependent Variable: LN Price difference a. Dependent Variable: LN Price difference
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Table 5.34 Number of repeat transactions – Samples with/without yield  

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 
 
 
 
 
 
 
 
 
 
 
 

Transaction price with/without yield
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 20 8 3 11
Mar-02 Jun-10 21 8 4 12
Jun-02 Sep-10 21 7 11 18
Sep-02 Dec-10 23 3 4 7
Dec-02 Mar-11 17 7 8 15
Mar-03 2 2 4 Jun-11 25 3 3 6
Jun-03 3 1 1 Sep-11 27 5 4 9
Sep-03 1 1 1 Dec-11 21 3 4 7
Dec-03 3 4 2 6 Mar-12 22 3 3 6
Mar-04 4 1 1 2 Jun-12 30 4 6 10
Jun-04 5 5 9 14 Sep-12 27 4 3 7
Sep-04 8 3 3 6 Dec-12 34 2 7 9
Dec-04 10 3 3 6 Mar-13 26 4 2 6
Mar-05 8 3 3 6 Jun-13 24 7 2 9
Jun-05 8 4 9 13 Sep-13 42 4 10 14
Sep-05 13 1 5 6 Dec-13 32 9 9 18
Dec-05 23 6 8 14 Mar-14 15 17 5 22
Mar-06 11 4 8 12 Jun-14 29 11 12 23
Jun-06 21 7 9 16 Sep-14 34 9 15 24
Sep-06 31 10 6 16 Dec-14 40 15 11 26
Dec-06 12 12 7 19 Mar-15 30 15 12 27
Mar-07 17 6 9 15 Jun-15 22 10 11 21
Jun-07 18 6 6 12 Sep-15 29 19 13 32
Sep-07 20 3 5 8 Dec-15 20 15 13 28
Dec-07 6 2 2 4 Mar-16 24 15 13 28
Mar-08 11 5 3 8 Jun-16 28 10 10 20
Jun-08 11 3 4 7 Sep-16 19 6 9 15
Sep-08 13 2 3 5 Dec-16 16 11 13 24
Dec-08 12 3 2 5 Mar-17 20 13 10 23
Mar-09 14 5 1 6 Jun-17 20 6 10 16
Jun-09 13 2 1 3 Sep-17 17 19 14 33
Sep-09 14 4 1 5 Dec-17 26 12 11 23
Dec-09 16 3 5 8 Mar-18 26 14 8 22

Jun-18 18 7 14 21
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Table 5.35 Number of repeat transactions – Samples with/without yield - flagging  

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 

 

 
 
 
 
 
 
 
 

Transaction price with/without yield
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 20 7 3 10
Mar-02 Jun-10 21 8 4 12
Jun-02 Sep-10 21 7 11 17
Sep-02 Dec-10 23 3 4 7
Dec-02 Mar-11 17 7 8 14
Mar-03 2 2 3 Jun-11 25 3 3 6
Jun-03 3 1 1 Sep-11 26 5 4 8
Sep-03 1 1 1 Dec-11 21 3 3 6
Dec-03 3 4 1 5 Mar-12 22 3 3 5
Mar-04 4 1 1 2 Jun-12 30 4 6 10
Jun-04 5 5 9 13 Sep-12 27 4 3 6
Sep-04 8 3 3 5 Dec-12 34 2 7 9
Dec-04 10 3 3 5 Mar-13 26 4 2 6
Mar-05 8 3 3 5 Jun-13 23 7 2 8
Jun-05 8 4 9 12 Sep-13 42 4 10 14
Sep-05 13 1 5 6 Dec-13 31 9 9 18
Dec-05 23 6 8 14 Mar-14 13 17 5 22
Mar-06 10 4 8 12 Jun-14 28 10 11 20
Jun-06 21 7 9 15 Sep-14 33 9 15 24
Sep-06 31 10 6 16 Dec-14 40 15 11 26
Dec-06 12 12 7 19 Mar-15 30 15 12 27
Mar-07 17 6 9 15 Jun-15 22 9 10 18
Jun-07 18 6 6 11 Sep-15 28 18 12 29
Sep-07 20 3 5 8 Dec-15 20 15 13 28
Dec-07 6 2 2 4 Mar-16 22 14 13 27
Mar-08 11 5 3 8 Jun-16 25 10 10 20
Jun-08 11 3 4 7 Sep-16 19 6 9 15
Sep-08 12 2 3 5 Dec-16 16 11 12 22
Dec-08 12 3 2 5 Mar-17 20 13 10 23
Mar-09 14 5 1 6 Jun-17 19 6 8 13
Jun-09 13 2 1 3 Sep-17 17 19 13 32
Sep-09 13 4 1 5 Dec-17 24 12 11 23
Dec-09 16 3 5 8 Mar-18 24 14 8 22

Jun-18 18 7 14 21
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Table 5.36 Number of repeat transactions – Samples with yield 

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 
  

Transaction price with yield
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 14 5 2 11
Mar-02 Jun-10 14 6 3 12
Jun-02 Sep-10 17 1 6 18
Sep-02 Dec-10 14 2 3 7
Dec-02 Mar-11 11 4 6 15
Mar-03 2 2 4 Jun-11 15 2 2 6
Jun-03 2 1 1 Sep-11 14 5 3 9
Sep-03 1 1 1 Dec-11 12 2 1 7
Dec-03 3 1 1 6 Mar-12 13 2 1 6
Mar-04 3 1 1 2 Jun-12 20 2 6 10
Jun-04 3 4 7 14 Sep-12 16 3 3 7
Sep-04 4 1 1 6 Dec-12 25 1 5 9
Dec-04 5 2 2 6 Mar-13 17 3 1 6
Mar-05 6 1 3 6 Jun-13 12 5 1 9
Jun-05 7 3 6 13 Sep-13 32 4 4 14
Sep-05 10 1 5 6 Dec-13 25 8 5 18
Dec-05 17 5 6 14 Mar-14 10 9 2 22
Mar-06 8 2 5 12 Jun-14 18 6 3 23
Jun-06 12 4 6 16 Sep-14 24 5 9 24
Sep-06 18 7 3 16 Dec-14 26 9 9 26
Dec-06 10 7 5 19 Mar-15 17 13 7 27
Mar-07 10 3 6 15 Jun-15 12 7 6 21
Jun-07 15 2 4 12 Sep-15 20 12 12 32
Sep-07 11 3 2 8 Dec-15 14 9 10 28
Dec-07 5 2 2 4 Mar-16 17 11 9 28
Mar-08 7 3 3 8 Jun-16 17 4 2 20
Jun-08 9 2 2 7 Sep-16 14 3 5 15
Sep-08 6 1 2 5 Dec-16 11 8 7 24
Dec-08 6 3 5 Mar-17 13 10 8 23
Mar-09 10 4 1 6 Jun-17 14 4 8 16
Jun-09 7 2 1 3 Sep-17 12 14 7 33
Sep-09 9 3 1 5 Dec-17 18 9 9 23
Dec-09 11 1 2 8 Mar-18 16 10 5 22

Jun-18 13 5 12 21
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Table 5.37 Number of repeat transactions – Samples with yield & flagging 

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 

 

 

 

 

 

 

Transaction price with yield 
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 14 5 2 10
Mar-02 Jun-10 14 6 3 12
Jun-02 Sep-10 17 1 6 17
Sep-02 Dec-10 14 2 3 7
Dec-02 Mar-11 11 4 6 14
Mar-03 2 2 3 Jun-11 15 2 2 6
Jun-03 2 1 1 Sep-11 13 5 3 8
Sep-03 1 1 1 Dec-11 12 2 1 6
Dec-03 3 1 1 5 Mar-12 13 2 1 5
Mar-04 3 1 1 2 Jun-12 20 2 6 10
Jun-04 3 4 7 13 Sep-12 16 3 3 6
Sep-04 4 1 1 5 Dec-12 25 1 5 9
Dec-04 5 2 2 5 Mar-13 17 3 1 6
Mar-05 6 1 3 5 Jun-13 11 5 1 8
Jun-05 7 3 6 12 Sep-13 32 4 4 14
Sep-05 10 1 5 6 Dec-13 24 8 5 18
Dec-05 17 5 6 14 Mar-14 9 9 2 22
Mar-06 8 2 5 12 Jun-14 18 6 2 20
Jun-06 12 4 6 15 Sep-14 24 5 9 24
Sep-06 18 7 3 16 Dec-14 26 9 9 26
Dec-06 10 7 5 19 Mar-15 17 13 7 27
Mar-07 10 3 6 15 Jun-15 12 6 6 18
Jun-07 15 2 4 11 Sep-15 18 12 11 29
Sep-07 10 3 1 8 Dec-15 14 9 10 28
Dec-07 5 2 2 4 Mar-16 16 11 9 27
Mar-08 7 3 3 8 Jun-16 16 4 2 20
Jun-08 9 2 2 7 Sep-16 14 3 5 15
Sep-08 5 1 2 5 Dec-16 11 8 7 22
Dec-08 6 3 5 Mar-17 12 10 8 23
Mar-09 10 4 1 6 Jun-17 13 4 6 13
Jun-09 7 2 1 3 Sep-17 12 13 7 32
Sep-09 8 3 1 5 Dec-17 15 7 9 23
Dec-09 11 1 2 8 Mar-18 15 9 5 22

Jun-18 13 5 12 21
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Table 5.38 Investment volumes £m – Samples with/without yield  

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 

 
 
 
 
 
 
 
 
 
 
 

Transaction price with/without yield 
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 661.485 142.46 34.25 176.71
Mar-02 Jun-10 557.92 149.07 24.95 174.02
Jun-02 Sep-10 864.868 210.65 72.75 283.4
Sep-02 Dec-10 1578.35 68.012 45.45 113.462
Dec-02 Mar-11 619.35 104.08 124.692 228.772
Mar-03 7.915 10.375 18.29 Jun-11 1285.878 39.176 5.81 44.986
Jun-03 90.8 17.4 17.4 Sep-11 951.275 141.225 33.727 174.952
Sep-03 8.455 7.88 7.88 Dec-11 860.863 91 51.465 142.465
Dec-03 49.82 23.485 4.43 27.915 Mar-12 862.365 96.85 7.3 104.15
Mar-04 87.9 3.95 9.6 13.55 Jun-12 1592.9 88.615 25.61 114.225
Jun-04 111.325 59.155 45.18 104.335 Sep-12 1622.01 99.215 47.225 146.44
Sep-04 229.43 59.4 43.9 103.3 Dec-12 1640.0515 9.42 65.05 74.47
Dec-04 420.11 76.425 22.415 98.84 Mar-13 1157.7875 27.45 33.05 60.5
Mar-05 421.75 47.4 20.78 68.18 Jun-13 1494.767 103.455 12 115.455
Jun-05 129.225 97.65 59.171 156.821 Sep-13 3158.24 65.76 54.585 120.345
Sep-05 540.705 45.85 34.553 80.403 Dec-13 1786.725 163.76 94.09 257.85
Dec-05 1389.91 191.325 115.192 306.517 Mar-14 425.8 340.596 30.18 370.776
Mar-06 477.125 28.495 145.55 174.045 Jun-14 1220.786 470.655 77.626 548.281
Jun-06 1141.3485 93.724 117.88 211.604 Sep-14 1961.61 251.081 181.26 432.341
Sep-06 1214.475 283.275 75.845 359.12 Dec-14 4371.18 195.22 145.955 341.175
Dec-06 910.8 223.115 65.572 288.687 Mar-15 1248.17 462.522 228.75 691.272
Mar-07 949.232 139.32 136.602 275.922 Jun-15 1454.63 119.95 90.61 210.56
Jun-07 1185.675 72.575 101.525 174.1 Sep-15 2139.13 479.546 147.775 627.321
Sep-07 1897.9 45.075 116.528 161.603 Dec-15 1703.65 209.645 179.705 389.35
Dec-07 200.7 19.525 18.61 38.135 Mar-16 1163.76 320.755 119.747 440.502
Mar-08 535.45 106.5 17.74 124.24 Jun-16 1518.131 119.617 59.062 178.679
Jun-08 369.614 49.8 45.9 95.7 Sep-16 918.995 110.29 90.9 201.19
Sep-08 509.62 20.395 21.495 41.89 Dec-16 1902.17 174.9 102.35 277.25
Dec-08 1015.855 109.115 3.53 112.645 Mar-17 2546.76 483.5 76.884 560.384
Mar-09 559.71 97.45 4.5 101.95 Jun-17 1859.23 66.54 130.146 196.686
Jun-09 394.13 48.62 9.7 58.32 Sep-17 1476.96 294.824 92.873 387.697
Sep-09 441.075 93.6 28 121.6 Dec-17 2846.14 276.813 118.706 395.519
Dec-09 646.58 120.75 44.345 165.095 Mar-18 1977.525 370.465 137.55 508.015

Jun-18 1945.545 236.4 123.89 360.29
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Table 5.39 Investment volumes £m – Samples with/without yield - flagging  

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 

 

 

 
 
 
 
 
 
 
 
 

London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn
Dec-01 Mar-10 595.6 88.51 24 176.71
Mar-02 Jun-10 386.79 130.78 11.55 174.02
Jun-02 Sep-10 839.868 3 29 283.4
Sep-02 Dec-10 1218 50.512 12.95 113.462
Dec-02 Mar-11 531.7 74.11 99.442 228.772
Mar-03 7.915 10.375 18.29 Jun-11 980.3 33.676 2.81 44.986
Jun-03 56.8 17.4 17.4 Sep-11 312.345 141.225 19.377 174.952
Sep-03 8.455 7.88 7.88 Dec-11 718.128 46 15.15 142.465
Dec-03 49.82 1.875 4.1 27.915 Mar-12 504.565 95.1 4.1 104.15
Mar-04 45.4 3.95 9.6 13.55 Jun-12 1240.03 55.215 25.61 114.225
Jun-04 54.957 65.85 39.74 104.335 Sep-12 695.06 39.315 47.225 146.44
Sep-04 132.35 10.9 31 103.3 Dec-12 1113.3065 4.2 58.58 74.47
Dec-04 345.9 65.54 15.635 98.84 Mar-13 748.25 21.95 9.65 60.5
Mar-05 407 20.4 20.78 68.18 Jun-13 1048.27 73.455 9.85 115.455
Jun-05 117.925 87.2 20.764 156.821 Sep-13 2673.375 65.76 24.4 120.345
Sep-05 495.41 45.85 34.553 80.403 Dec-13 1287.025 162.72 59.24 257.85
Dec-05 1182.61 180.575 87.165 306.517 Mar-14 227.1 278.78 14.455 370.776
Mar-06 344.925 18.5 115.25 174.045 Jun-14 863.21 108.815 22.656 548.281
Jun-06 812.9485 55.674 105.455 211.604 Sep-14 1397.855 100.265 137.375 432.341
Sep-06 702.405 267.4 25.5 359.12 Dec-14 3430.75 153.9 137.715 341.175
Dec-06 915.7 143.89 61.642 288.687 Mar-15 819.37 403.507 196.025 691.272
Mar-07 765.71 39.07 116.497 275.922 Jun-15 897.83 75.45 51.435 210.56
Jun-07 1019.225 24.98 83.025 174.1 Sep-15 1499.4 306.971 146.425 627.321
Sep-07 831.95 43.275 11.26 161.603 Dec-15 1267.15 152.45 144.805 389.35
Dec-07 195.2 19.525 18.61 38.135 Mar-16 1261.61 169.993 61.747 440.502
Mar-08 414 87 17.74 124.24 Jun-16 960.071 79.12 10.91 178.679
Jun-08 284.339 43 10.9 95.7 Sep-16 780.295 94.25 63.1 201.19
Sep-08 312 19.15 19.345 41.89 Dec-16 1413.72 164.14 70.55 277.25
Dec-08 124.85 109.115 112.645 Mar-17 1638.81 450.5 57.159 560.384
Mar-09 377.16 71.45 4.5 101.95 Jun-17 1023.845 49.065 119.846 196.686
Jun-09 175.03 48.62 9.7 58.32 Sep-17 1204.78 221.126 61.66 387.697
Sep-09 342.575 53.6 28 121.6 Dec-17 1481.5 206.45 91.906 395.519
Dec-09 1159.23 101 28.175 165.095 Mar-18 1517.01 309.105 115.29 508.015

Jun-18 1523.545 171.15 109.815 360.29
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Table 5.40 Investment volumes £m – Samples with yield 

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

 

 

  

Transaction price with yield
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 595.6 88.51 24 176.71
Mar-02 Jun-10 386.79 130.78 11.55 174.02
Jun-02 Sep-10 839.868 3 29 283.4
Sep-02 Dec-10 1218 50.512 12.95 113.462
Dec-02 Mar-11 531.7 74.11 99.442 228.772
Mar-03 7.915 10.375 18.29 Jun-11 980.3 33.676 2.81 44.986
Jun-03 56.8 17.4 17.4 Sep-11 312.345 141.225 19.377 174.952
Sep-03 8.455 7.88 7.88 Dec-11 718.128 46 15.15 142.465
Dec-03 49.82 1.875 4.1 27.915 Mar-12 504.565 95.1 4.1 104.15
Mar-04 45.4 3.95 9.6 13.55 Jun-12 1240.03 55.215 25.61 114.225
Jun-04 54.957 65.85 39.74 104.335 Sep-12 695.06 39.315 47.225 146.44
Sep-04 132.35 10.9 31 103.3 Dec-12 1113.3065 4.2 58.58 74.47
Dec-04 345.9 65.54 15.635 98.84 Mar-13 748.25 21.95 9.65 60.5
Mar-05 407 20.4 20.78 68.18 Jun-13 1048.27 73.455 9.85 115.455
Jun-05 117.925 87.2 20.764 156.821 Sep-13 2673.375 65.76 24.4 120.345
Sep-05 495.41 45.85 34.553 80.403 Dec-13 1287.025 162.72 59.24 257.85
Dec-05 1182.61 180.575 87.165 306.517 Mar-14 227.1 278.78 14.455 370.776
Mar-06 344.925 18.5 115.25 174.045 Jun-14 863.21 108.815 22.656 548.281
Jun-06 812.9485 55.674 105.455 211.604 Sep-14 1397.855 100.265 137.375 432.341
Sep-06 702.405 267.4 25.5 359.12 Dec-14 3430.75 153.9 137.715 341.175
Dec-06 915.7 143.89 61.642 288.687 Mar-15 819.37 403.507 196.025 691.272
Mar-07 765.71 39.07 116.497 275.922 Jun-15 897.83 75.45 51.435 210.56
Jun-07 1019.225 24.98 83.025 174.1 Sep-15 1499.4 306.971 146.425 627.321
Sep-07 831.95 43.275 11.26 161.603 Dec-15 1267.15 152.45 144.805 389.35
Dec-07 195.2 19.525 18.61 38.135 Mar-16 1261.61 169.993 61.747 440.502
Mar-08 414 87 17.74 124.24 Jun-16 960.071 79.12 10.91 178.679
Jun-08 284.339 43 10.9 95.7 Sep-16 780.295 94.25 63.1 201.19
Sep-08 312 19.15 19.345 41.89 Dec-16 1413.72 164.14 70.55 277.25
Dec-08 124.85 109.115 112.645 Mar-17 1638.81 450.5 57.159 560.384
Mar-09 377.16 71.45 4.5 101.95 Jun-17 1023.845 49.065 119.846 196.686
Jun-09 175.03 48.62 9.7 58.32 Sep-17 1204.78 221.126 61.66 387.697
Sep-09 342.575 53.6 28 121.6 Dec-17 1481.5 206.45 91.906 395.519
Dec-09 1159.23 101 28.175 165.095 Mar-18 1517.01 309.105 115.29 508.015

Jun-18 1523.545 171.15 109.815 360.29
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Table 5.41 Investment volumes £m – Samples with yield & flagging 

 

Source: Author’s calculations based on PropertyData database 

               Date reflects second transaction  

  

Transaction price with yield
London Big Cities Rest UK All UK excl. Ldn London Big Cities Rest UK All UK excl. Ldn

Dec-01 Mar-10 595.6 88.51 24 160.46
Mar-02 Jun-10 386.79 130.78 11.55 174.02
Jun-02 Sep-10 839.868 3 29 280.9
Sep-02 Dec-10 1218 50.512 12.95 113.462
Dec-02 Mar-11 531.7 74.11 99.442 213.722
Mar-03 7.915 10.375 14.69 Jun-11 980.3 33.676 2.81 44.986
Jun-03 56.8 17.4 17.4 Sep-11 301.845 141.225 19.377 165
Sep-03 8.455 7.88 7.88 Dec-11 718.128 46 15.15 137.675
Dec-03 49.82 1.875 4.1 27.585 Mar-12 504.565 95.1 4.1 102.4
Mar-04 45.4 3.95 9.6 13.55 Jun-12 1240.03 55.215 25.61 114.225
Jun-04 54.957 65.85 39.74 71.335 Sep-12 695.06 39.315 47.225 86.54
Sep-04 132.35 10.9 31 72.3 Dec-12 1113.3065 4.2 58.58 74.47
Dec-04 345.9 65.54 15.635 93.89 Mar-13 748.25 21.95 9.65 60.5
Mar-05 407 20.4 20.78 47.78 Jun-13 823.67 73.455 9.85 113.305
Jun-05 117.925 87.2 20.764 144.646 Sep-13 2673.375 65.76 24.4 120.345
Sep-05 495.41 45.85 34.553 80.403 Dec-13 1247.025 162.72 59.24 257.85
Dec-05 1182.61 180.575 87.165 306.517 Mar-14 219.85 278.78 14.455 370.776
Mar-06 344.925 18.5 115.25 174.045 Jun-14 863.21 108.815 3.645 501.47
Jun-06 812.9485 55.674 105.455 205.354 Sep-14 1397.855 100.265 137.375 432.341
Sep-06 702.405 267.4 25.5 359.12 Dec-14 3430.75 153.9 137.715 341.175
Dec-06 915.7 143.89 61.642 288.687 Mar-15 819.37 403.507 196.025 691.272
Mar-07 765.71 39.07 116.497 275.922 Jun-15 897.83 71.15 51.435 201.36
Jun-07 1019.225 24.98 83.025 172.82 Sep-15 1335.85 306.971 129.775 469.421
Sep-07 812.65 43.275 2.76 161.603 Dec-15 1267.15 152.45 144.805 389.35
Dec-07 195.2 19.525 18.61 38.135 Mar-16 1233.51 169.993 61.747 409.002
Mar-08 414 87 17.74 124.24 Jun-16 947.435 79.12 10.91 178.679
Jun-08 284.339 43 10.9 95.7 Sep-16 780.295 94.25 63.1 201.19
Sep-08 268 19.15 19.345 41.89 Dec-16 1413.72 164.14 70.55 269.04
Dec-08 124.85 109.115 112.645 Mar-17 1203.81 450.5 57.159 560.384
Mar-09 377.16 71.45 4.5 101.95 Jun-17 994.995 49.065 101.475 175.43
Jun-09 175.03 48.62 9.7 58.32 Sep-17 1204.78 205.101 61.66 380.559
Sep-09 268.075 53.6 28 121.6 Dec-17 1339.4 191.65 91.906 395.519
Dec-09 1159.23 101 28.175 165.095 Mar-18 1485.01 211.105 115.29 508.015

Jun-18 1523.545 171.15 109.815 360.29
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tests how the headline transactions data can be used to calculate a basic repeat sales measure.  
Several of the developments in the ongoing extension of work on repeat sales indices are 
referenced in Chapter 2. The calculation of price change measures on the basis outlined above 
utilises the repeat sales methodology to produce a plausible estimate of long-term price change 
plus quantification of the volatility of that price change. This can be compared directly with 
appraisal-based equivalents or the headline point-to-point transaction-based measures 
presented 5.2. These comparisons are offered in Chapter 6.  

5.3.6  Repeat sales regression results - summary 
The detail contained in Tables 5:34 – 5:41 show that in the case of the CUKO’s Big Cities and 
Rest of UK Offices, the number of transactions rarely enter double figures and this is captured in 
the regression index coefficients where the statistical explanatory power is weak. The decision 
was made at this stage to not pursue any further analysis of a repeat-sales based measure for 
these categories. This finding has clear implications for the use of repeat-sales based measures 
in respect of UK offices. Without access to a greater sample size, the analysis available from 
RCA as outlined in Chapter 1 will not offer investors a detailed breakdown of non-London 
markets. This remains a fundamental challenge for the industry unless an alternative can be 
provided.  

For London and the combined Big Cities and Rest of UK CUKO labelled as All UK Offices excl. 
London, the picture is somewhat brighter. The sample sizes for both are considerably larger and 
this is reflected in the statistical power of the regression coefficients, particularly in respect of the 
second half of the study period.  

The four price change indices from the repeat-sales regressions are presented in Figures 5.10 
and 5:11 for London offices and All UK Offices excl. London respectively.  

As expected, the use of additional flagging does not make a major impact on the direction of 
pricing movements. For London, the correlation between flagged and unflagged measures, 
recorded in respect of the percentage differences, stands at 0.94 for the sample with/without 
yields and 0.86 for where both transaction prices had yields. The volatility, however, as defined 
by the standard deviation of the quarterly price change, falls from 12.9% per quarter to 11.0% per 
quarter for the full sample where yields were not required. For the sample with yields on both 
transactions, the volatility declined from 14.5% per quarter to 10.5% per quarter, demonstrating 
the importance of that final stage of flagging. 

For non-London offices, the pattern is similar with correlations between flagged and unflagged 
samples – reflecting the quarterly percentage changes - standing at 0.86 (with/without yield) and 
0.81 (with yield). The volatility has also been reduced with standard deviation on the quarterly 
price change for flagged samples at 12.0% (with/without yield) and 13.9% (yield) compared with 
13.9% (with/without yield) and 15.6% (yield). Flagging through removing a modest number of 
repeat sales has reduced volatility without impacting to a huge extent on the path of the price 
change measure(s).   
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Figure 5.10 Price change indices: London offices 
Source: Author’s calculations based on PropertyData database 
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Figure 5.11 Price change indices: All UK excluding London  
Source: Author’s calculations based on PropertyData database
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The other major issue in the derivation of the repeat sales measures is to compare the samples 
that contained yields with both transaction prices or whether the yield for either or both (rare) was 
missing from the data. This was to manage the conflict between having a consistent dataset with 
the yield measures and derived income return measure already discussed throughout chapter’s 
4-5 and maximising the sample size, a real challenge, as frequently noted, for applying the 
repeat sales technique.  

In terms of the London CUKO, the correlation between price changes over the period covering 
December 2004-June 2018, based on percentage changes per quarter, for the flagged sample 
with/without yields compared with the with yields sample was 0.60. For the unflagged sample, 
the equivalent figure was 0.75. Both figures, particularly in case of the flagged samples, indicate 
that the decline of the sample on repeat sales as detailed at stage 1 can have a material impact 
on the results.  

For the All-UK offices excluding London sample, the correlation, as detailed above, for the 
flagged sample between with/without yields and the smaller with yields sample was at a similar 
level of 0.55. The figure for unflagged samples was similar at 0.52. The impact of the difference 
in sample again, proved to be of a considerable magnitude.  

To determine the most effective repeat sales sample for London and All UK offices excluding 
London, one final test was undertaken. This reflected the scale of autocorrelation in the 
percentage quarterly price change of the different samples (with/without yields versus with 
yields). The statistics are provided in Table 5.42.  

Table 5.42 Autocorrelation: Price index changes per quarter Q1 2005- Q2 2018 

 

Source: Author’s calculations based on PropertyData database 

The extent of negative autocorrelation in the price changes indices can be viewed in Figure 5:10 
and Figure 5:11 with confirmation provided in Table 5;39. Two of the flagged samples, however, 
presented substantially lower levels of negative autocorrelation, the sample containing yields for 
London and the full sample for All UK excluding London. These two price change indices are 
presented in Figure 5.12, 

The two repeat-sales based price change indices presented in Figure 5.12 are the most relevant 
and effective measures that can be calculated using the repeat sales technique outlined at the 
start of this section. As already mentioned, both have lower levels of absolute volatility due to the 
flagging and both have avoided excessive negative autocorrelation in quarterly price changes. 
The details of these indices are compared and contrasted with measures based on appraisals 
(MSCI) and point-to-point transaction yield-based measures in Chapter 6. In terms of a basic 
sense check of the figures, specific features of the data presented in Figure 5.12 align with the

W/wo yield (flg) W yield flg W/wo yield (flg) W yield flg

-0.38 -0.17 -0.12 -0.47

London All UK excl. London
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Figure 5.12 Price change indices: Selected samples with flagging  
Source: Author’s calculations based on PropertyData database
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contemporary market dynamics of the time. Some of these have already been covered in respect 
of the aggregated yield measures but a few important highlights for the repeat-sales based price 
change measures would include: - 

 Price rises continuing to the middle of 2007 for both markets before the onset of the GFC 
 The price falls continuing through 2008-2009 before the middle of 2009 marked the 

bottom of the market, representing a fundamental turning point. 
 London and non-London markets highly correlated prior to and through the impact of and 

initial recovery from the GFC. From 2010 onwards, however, London markets 
outperformed non-London equivalents by a considerable distance 

 London markets suffered from the Brexit vote in mid-2016. 
 Non-London markets struggled throughout the decade of austerity from 2010 with pricing 

levels not recovering to what was recorded prior to the GFC.  

5.4  Summary  
This chapter started through applying statistical tests to the weighted yields at CUKO’s level that 
were presented in Chapter 4. These tests concentrated on identifying the normality or otherwise 
of the distribution of those yields, considering stationarity and the scale of average differences 
between the CUKO measures. There was a tendency towards normality for the non-London 
CUKO’s and there were statistically significant differences between the average CUKO yields. 
The normality of the London yield sample was less clear-cut although this reflected, to a 
significant extent, the scale of stability in yields towards the end of the study period. The tests on 
stationarity indicated Rest of UK yield series is stationary across the study period, the Big City 
sample reported a tendency towards stationarity over the study period whilst the London sample, 
over the full study period followed a random walk process. Towards the end of the study period, 
however, the London CUKO reported stationary pricing.  

The chapter then discussed how the CUKO yields constructed in chapter 4 were converted into 
price change measures through combining the change in yield per quarter with an allowance for 
the change in net operating income over the same measurement period. The use of initial yields 
also permitted the calculation of a proxy measure of income return, based on the back of the 
established relationship between initial yields and income return. This facilitated the creation of a 
measure of total return through combining the price change and income return measures.  

The process of creating price change measures through implementing a repeat sales regression 
process was outlined in detail with the data collection, filtration and calculations all discussed. 
Repeat-sales regressions were run for all four CUKOs based on full samples or those restricted 
to having yields and with/without an element of additional flagging. The full regression outputs 
are presented in Tables 5:18 – 5:33 with the inputs into those calculations contained in Tables 
5:34 – 5:41. The two most robust real estate measures in respect of London and All UK offices 
excl. London were confirmed and presented in Figure 5.12. London had a sufficient data sample 
with yields, but the non-London sample contained all available price change data. The samples 
for Big Cities and Rest of UK offices were too small upon which reliable repeat-sales regression 
based measures could be based.  

Having calculated performance measures from different techniques, the testing of both 
approaches against existing appraisal-based measures is presented in Chapter 6.  

 

.  

,  
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Chapter 6 Comparing transaction-based measures with appraisal-based measures 
 

6.1 Introduction 
The headline findings of the market performance measures created from transaction prices have 
been presented. In this chapter, there is an opportunity to ‘sense check’ and compare the 
statistics created from point-to-point yield measures and repeat-sales regression techniques 
against the MSCI/IPD quarterly index measures. These cover the period from Q1 2002 up to and 
including June 2018. The repeat-sales based measures contain a sufficient sample from Q1 
2005. The income return estimates outlined for transaction-based measures in 5.2.5 have been 
added to the repeat-sales based measures to calculate a proxy measure for total returns.  

This enables the data from both methodologies to be tested to see whether it has addressed the 
auto-correlation issue and concerns over volatility that are of particular concern when using 
valuation-based measures. These issues were discussed in detail in Chapter 2. It also allowed 
for the exploration of any similarities between the measures. This will enable the determination of 
whether the construction of the transactions-based measures which lie at the heart of this thesis 
offers something not fully captured by existing figures.  

6.2 MSCI segment definitions 
The MSCI/IPD appraisal-based measures are presented for both London – referred to Central 
and Inner London – the Inner and Outer South East categories plus the Rest of UK market. In 
terms of the transactions-based London market, there was no issue in comparability. The Rest of 
UK definition used by MSCI, however, that does not incorporate properties contained in the non-
London South East and East England region, is compared against both the Big City and Rest of 
UK transactions-based measures in detail. The transactions-based measures for both non-
London CUKO’s contain properties located in what MSCI/IPD would classify as being in a 
separate South East Office’s category10. No straightforward solution is available when 
constructing an appraisal-based metric that aggregates all office markets outside of London. It 
should be noted, however, that with a small number of exceptions, the MSCI/IPD appraisal-
based measures for Rest of South East & Eastern Offices produced figures similar to the Rest of 
UK over the measurement period. This represents a finding that supports the segment 
comparison made in Figures 4.13 and 4.14 and again challenges the traditional market practice 
of reporting separately on South East markets.  

6.3 Comparing transactions-based measures with appraisal-based measures  
The headline statistics comparing performance measures derived from appraisals of transaction 
yields/prices are presented in Tables 6.1 – 6.4. These contain quarterly variables including total 
return, income return, capital growth/price change and yield impact over the stated period. Yield 
impact is only applicable to appraisal-based measures and price change for transaction-based 
measures captures the figures based on yield movements inflated for income growth across the 
three CUKO’s defined in Chapter 4 plus the two categories on London and All UK excluding 
London that were calculated using the repeat sales regression method.   

The appraisal-based measures for capital value growth and yield impact are presented. Whilst 
similar in what they are trying to achieve and returning similar results, they are significantly 
different. Both can be used in comparison to the price change measures that are based on 
transactions-based variables. The capital value growth measure captures the changes between 
appraised values over the quarterly measurement period. The yield impact measure, as 
previously mentioned, is used to capture the change in the valuation based equivalent yield over 
the same measurement period. Essentially, the change in equivalent yield represents one of the 
underlying components of the change in capital growth, the other two being rental value growth 
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over the measurement period and the impact of leasing structure on the transmission of rental 
value growth and yield impact into capital growth. For this thesis, pricing changes are 
comparable with capital growth even though they might appear to be more directly linked with the 
yield impact measure, particularly in respect of the point-to-point measures.
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Table 6.11 Transaction based measures & MSCI appraisal-based measures Dec 2001–June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, Author’s repeat-sales regressions based on PropertyData and MSCI Quarterly Property Index 

Appraisal based measures Transactions based measures
MSCI Quarterly Property Index (Standing investments only - standard offices)

Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off London Off. Big City Off. Rest of UK Off. London Off. All UK excl. London
Quarterly average (Geo mean)
Total Return 2.2 1.4 1.8 1.4 2.2 1.7 1.8
Income Return 1.1 1.6 1.6 1.5 1.3 1.6 1.8
Capital Growth/Price Change 1.1 -0.2 0.2 -0.1 0.8 0.1 0.0
Yield Impact 2.7 0.3 0.6 -0.1

Autocorrelation
Total Return 0.79 0.77 0.78 0.76 -0.27 -0.26 -0.30
Income Return 0.97 0.95 0.88 0.94 0.93 0.82 0.79
Capital Growth/Price Change 0.80 0.77 0.79 0.76 -0.26 -0.26 -0.29
Yield Impact 0.71 0.77 0.78 0.74

Standard Deviation
Total Return 4.0 3.3 3.1 3.2 6.9 6.7 6.8
Income Return 0.3 0.3 0.2 0.2 0.2 0.2 0.2
Capital Growth/Price Change 4.0 3.3 3.1 3.1 7.0 6.7 6.8
Yield Impact 3.3 3.3 3.1 3.1

 
MSCI/IPD yield impact included to show link with capital growth and as 'clean' comparison with price changes
Quarterly average figures reflect geometric mean over period December 2001 - June 2018
Autocorrelation numbers reflect correlation between quarterly measure and measure -1 qtr over the period December 2001 - June 2018
Standard deviation reflects range across quarterly measures over period December 2001 - June 2018

Point-to-point transaction yields inflated by income growth Repeat sales regression based
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Table 6.2 Transaction based measures & MSCI appraisal-based measures Dec 2004 – June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, Author’s repeat-sales regressions based on PropertyData and MSCI Quarterly Property Index 

Appraisal based measures Transactions based measures

Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off London Off. Big City Off. Rest of UK Off. London Off. All UK excl. London
Quarterly average (Geo mean)
Total Return 2.4 1.3 1.7 1.0 2.3 1.4 1.6
Income Return 1.0 1.5 1.6 1.5 1.3 1.6 1.8
Capital Growth/Price Change 1.4 -0.2 0.1 -0.4 1.1 -0.2 -0.2 1.3 0.0
Yield Impact 2.3 -0.4 0.0 -1.0

Autocorrelation
Total Return 0.79 0.77 0.79 0.75 -0.27 -0.26 -0.28
Income Return 0.96 0.94 0.83 0.93 0.90 0.81 0.79
Capital Growth/Price Change 0.79 0.77 0.79 0.76 -0.27 -0.26 -0.28 -0.17 -0.12
Yield Impact 0.72 0.77 0.78 0.74

Standard Deviation
Total Return 4.3 3.6 3.4 3.4 7.5 7.2 7.2
Income Return 0.2 0.3 0.2 0.2 0.2 0.2 0.2
Capital Growth/Price Change 4.3 3.6 3.4 3.4 7.5 7.3 7.3 10.5 12.0
Yield Impact 3.6 3.6 3.3 3.4

 
MSCI/IPD yield impact included to show link with capital growth and as 'clean' comparison with price changes
Quarterly average figures reflect geometric mean over period December 2004 - June 2018
Autocorrelation numbers reflect correlation between quarterly measure and measure -1 qtr over the period December 2004 - June 2018
Standard deviation reflects range across quarterly measures over period December 2004 - June 2018

MSCI Quarterly Property Index (Standing investments only - standard offices) Point-to-point transaction yields inflated by income growth Repeat sales regression based
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Table 6.3 Transaction based measures & MSCI appraisal-based measures 10-years to June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, Author’s repeat-sales regressions based on PropertyData and MSCI Quarterly Property Index 

Appraisal based measures Transactions based measures

Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off London Off. Big City Off. Rest of UK Off. London Off. All UK excl. London
Quarterly average (Geo mean)
Total Return 2.3 1.3 1.6 0.9 2.4 1.3 1.6
Income Return 1.0 1.5 1.6 1.5 1.3 1.7 1.9
Capital Growth/Price Change 1.3 -0.2 0.0 -0.6 1.2 -0.4 -0.3 1.4 0.1
Yield Impact 2.9 -0.4 -0.2 -1.4

Autocorrelation
Total Return 0.81 0.75 0.78 0.74 -0.38 -0.25 -0.31
Income Return 0.97 0.95 0.82 0.94 0.91 0.68 0.58
Capital Growth/Price Change 0.81 0.76 0.79 0.75 -0.38 -0.24 -0.30 -0.23 -0.08
Yield Impact 0.72 0.73 0.75 0.72

Standard Deviation
Total Return 4.2 3.5 3.4 3.2 7.2 7.4 7.9
Income Return 0.2 0.3 0.2 0.2 0.2 0.2 0.2
Capital Growth/Price Change 4.2 3.6 3.4 3.2 7.2 7.5 8.0 11.3 12.9
Yield Impact 3.1 3.4 3.3 3.2

 
MSCI/IPD yield impact included to show link with capital growth and as 'clean' comparison with price changes
Quarterly average figures reflect quarterly geometric mean over 10-years to June 2018
Autocorrelation numbers reflect correlation between quarterly measure and measure -1 qtr over the 10-year period to June 2018
Standard deviation reflects range across quarterly measures over 10-year period to June 2018

MSCI Quarterly Property Index (Standing investments only - standard offices) Point-to-point transaction yields inflated by income growth Repeat sales regression based
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Table 6.4 Transaction based measures & MSCI appraisal-based measures 5-years to June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, Author’s repeat-sales regressions based on PropertyData and MSCI Quarterly Property Index

Appraisal based measures Transactions based measures

Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off London Off. Big City Off. Rest of UK Off. London Off. All UK excl. London
Quarterly average (Geo mean)
Total Return 3.2 3.0 3.4 2.3 2.8 2.6 2.3
Income Return 0.8 1.2 1.4 1.3 1.1 1.6 1.8
Capital Growth/Price Change 2.4 1.8 1.9 1.0 1.7 1.0 0.5 2.7 2.8
Yield Impact 3.7 5.2 5.7 4.0

Autocorrelation
Total Return 0.69 0.58 0.47 0.41 -0.49 -0.48 -0.55
Income Return 0.89 0.96 0.68 0.96 0.76 0.70 0.63
Capital Growth/Price Change 0.68 0.51 0.44 0.37 -0.49 -0.48 -0.54 -0.31 -0.42
Yield Impact 0.44 0.57 0.48 0.43

Standard Deviation
Total Return 2.3 2.2 1.8 1.5 7.0 7.3 7.0
Income Return 0.1 0.2 0.2 0.2 0.1 0.1 0.1
Capital Growth/Price Change 2.2 2.0 1.7 1.4 7.0 7.3 7.0 11.8 11.4
Yield Impact 1.4 2.1 1.8 1.5

 
MSCI/IPD yield impact included to show link with capital growth and as 'clean' comparison with price changes
Quarterly average figures reflect quarterly geometric mean over 5-years to June 2018
Autocorrelation numbers reflect correlation between quarterly measure and measure -1 qtr over the 5-year period to June 2018
Standard deviation reflects range across quarterly measures over 5-year period to June 2018

MSCI Quarterly Property Index (Standing investments only - standard offices) Point-to-point transaction yields inflated by income growth Repeat sales regression based
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6.3.1 Comparing transactions- and appraisal-based measures    
In summarising the comparative findings displayed in Tables 6.1 – 6.4, it is worth re-emphasising 
what would be expected if the transactions-based measures were working appropriately.  

In terms of the scale of performance metrics i.e. total return, income return and capital 
growth/price change, the long-term nature of the period of analysis should see the measures 
converge to a similar level. The impact of short-term price changes should be limited over the 
longer term.  

Furthermore, in addressing the autocorrelation of the performance measures, one of the principal 
justifications for utilising transactions-based measures is that appraisal-based measures display 
substantial positive autocorrelation, implying that future price movements and overall 
performance are predictable. This is not the case in the comparable figures for the alternative 
asset classes, principally equities and fixed income. As assessed in the literature review in 
Chapter 2, this presents a credibility problem for commercial property when constructing 
modelling at a strategic asset allocation level. Using transaction-based measures, in theory, 
could ameliorate this challenge.  

Finally, in another challenge for appraisal-based measures, tied to the autocorrelation issue is 
that appraisal-based measures, as covered in the literature review, understate the true volatility 
incurred when investing in the asset class. This also contributes to the credibility problem the 
asset class faces at a strategic level. In addition, it restricts the successful development of 
derivatives based on appraisal-based measures. One of the fundamental elements of derivative 
pricing is volatility. A higher level of volatility represents a greater spread of prices thereby 
attracting a greater number of potential participants. The restricted volatility contained in 
appraisal-based metrics reduces the range of potential participants and therefore limits the take-
up of derivatives based upon such an index.  

6.3.2 Similar levels of performance between transactions- and appraisal-based 
measures     
In terms of the scale of investment performance, the similarities are striking. Over the period 
between December 2001 – June 2018, a period encompassing performance measures over 68 
consecutive quarters, the geometrically calculated quarterly mean total return of Central and 
Inner London offices stands at 2.2%. This is matched, exactly (to 1 decimal place) by the 
transactions-based measure for London offices. For income return, calculated on a comparable 
basis, the statistics stand at 1.1% and 1.3% respectively. This represents a significant result 
given the seemingly rudimentary assumptions incorporated into the transactions-based income 
return measure. For capital growth, compared with price changes, the figures stand at 1.1% per 
and 0.8% per quarter respectively. Under any definition, over the longest study period available, 
the London market transactions-based measures represent performance indicators of a similar 
magnitude.  

Total returns per quarter over the measurement period for the appraisal-based measures relating 
to Rest of UK offices were 1.4% which compared with transactions-based measures of 1.7% for 
Big City properties and 1.8% for Rest of UK based assets. For income return, the appraisal-
based measure stood at 1.5% which was very similar to the 1.6% metric reported in respect of 
Big Cities and 1.8% figure recorded for Rest of UK Offices (point-to point price change figure). 

The pattern is similar when the period is amended to December 2004-June 2018 as shown in 
Table 6.2. This allows the inclusion of price change measures calculated from using the repeat-
sales based measure. This has been calculated, as outlined, by using the most effective samples 
available for or London offices and All-UK excluding London offices. At this stage, no formal 
measures have been calculated for total returns (simply adding the income return to the price 
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change measure) for the repeat sales measures. Again, total returns for London appraisal-based 
and transaction-based measures are very similar at 2.4% per quarter compared to 2.3% with the 
transaction based measures for Big City offices showing a small margin over the appraisal-based 
measures for Rest of UK offices as prices and capital values recorded modest reductions.  

The repeat sales based price change measures show similar levels of change for London (1.3% 
v 1.1%) in comparison to the other transaction based measure and in respect of the All UK excl. 
London (0.0% vs -0.2% for both Big City and Rest of UK offices). The margin is somewhat 
greater in respect of the Rest of UK appraisal-based measure which was -0.4%.  

Figures for the 10-year and 5-year periods up to June 2018 are shown in Tables 6.3 and 6.4 
respectively. These also show that the London measures are of similar magnitude over 10-years 
whilst transaction measures, both yield-based and repeat-sales-regression based show higher 
levels of performance for non-London offices. Over 5-years, the yield-based price change 
variable for London is somewhat lower than both the repeat-sales regression based figure and 
the equivalent MSCI capital growth figure. Nevertheless, the longer-term pattern is clear.  

In statistical terms, there are no significant differences in the mean figures recorded for the 
appraisal-based measures compared with both versions of transactions-based measures. This is 
illustrated across the various CUKO’s in Tables 6:5 – 6.8. Table 6.5 compares the means of the 
yield-based price changes with appraisal based capital growth, comparing London with Central 
and Inner London offices whilst Big Cities is compared with Rest of UK offices and the Rest of 
UK transaction based measure is compared with both Rest of UK offices and Outer South East 
and Eastern offices, given the nature of the underlying data. This covers the period from 
December 2001 to June 2018. Tables 6.6, 6.7 and 6.8 compare means of price change/capital 
growth from December 2004 to June 2018 enabling the repeat sales regression price change 
measures to be included.  

Table 6.6 compares the repeat sales regression method, yield driven price change method and 
capital growth for London offices. Table 6.7 compares the repeat sales regression price change 
method for All UK offices excluding London with the price change method for Big Cities and Rest 
of UK offices and MSCI capital growth figure for Rest of UK offices. There are no significant 
differences recorded between any of the measures which are of a similar magnitude. Table 6.8 
compares means between the yield based price change method for Big Cities and Rest UK 
offices against the MSCI capital growth figures for Rest of UK offices and, in the case of Rest UK 
offices, against the Outer South East and Eastern offices capital growth figure. Once again, no 
significant differences were recorded across any category.  
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Table 6.5 Comparing means: Price change v capital growth Dec 2001-June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property Index  

 

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index London 69 0.011 0.07 0.01

MSCI Cap. growth C&I London 69 0.012 0.04 0.00

Lower Upper

Equal variances assumed 27.30 0.00 -0.09 136.00 0.93 0.00 0.01 -0.02 0.02

Equal variances not assumed -0.09 107.63 0.93 0.00 0.01 -0.02 0.02

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index Big Cities 69 0.003 0.07 0.01

MSCI Cap. growth Rest UK 69 -0.001 0.03 0.00

Y Upper

Equal variances assumed 36.14 0.00 0.43 136.00 0.67 0.00 0.01 -0.01 0.02

Equal variances not assumed 0.00 0.00 0.43 95.40 0.67 0.00 0.01 -0.01 0.02

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index Rest UK 69 0.001 0.07 0.01

MSCI Cap. growth Rest UK 69 -0.001 0.03 0.00

Lower Upper

Equal variances assumed 24.59 0.00 -0.11 106.00 0.91 0.00 0.01 -0.02 0.02

Equal variances not assumed -0.11 84.33 0.91 0.00 0.01 -0.02 0.02

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index Rest UK 69 0.001 0.07 0.01

MSCI Cap. growth Out. SE & E 69 0.002 0.03 0.00

Lower Upper

Equal variances assumed 37.01 0.00 -0.12 136.00 0.90 0.00 0.01 -0.02 0.02

Equal variances not assumed -0.12 94.53 0.90 0.00 0.01 -0.02 0.02

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference
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Table 6.6 Comparing means: London Price change v capital growth Dec 2004-June 2018 
 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, Author’s repeat-sales regressions 
based on PropertyData, MSCI Quarterly Property Index  

 

 

 

 

Num. qtrs Mean Std. Deviation Std. Error Mean

RSR Price Index London 54 0.018 0.11 0.01

Yield mvt Price Index London 54 0.014 0.07 0.01

Lower Upper

Equal variances assumed 2.62 0.11 0.26 106.00 0.80 0.00 0.02 -0.03 0.04

Equal variances not assumed 0.26 95.81 0.80 0.00 0.02 -0.03 0.04

Num. qtrs Mean Std. Deviation Std. Error Mean

RSR Price Index London 54 0.018 0.11 0.01

MSCI Cap. growth C&I London 54 0.015 0.04 0.01

Y Upper

Equal variances assumed 26.00 0.00 0.21 106.00 0.83 0.00 0.02 -0.03 0.03

Equal variances not assumed 0.21 70.15 0.83 0.00 0.02 -0.03 0.03

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index London 54 0.014 0.07 0.01

MSCI Cap. growth C&I London 54 0.015 0.04 0.01

Lower Upper

Equal variances assumed 24.59 0.00 -0.11 106.00 0.91 0.00 0.01 -0.02 0.02

Equal variances not assumed -0.11 84.33 0.91 0.00 0.01 -0.02 0.02

Real risk 
premium

Group Statistics

CUKO

Real risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Real risk 
premium

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference
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Table 6.7 Comparing means: Non London RSR v pce chge & cap. gth Dec 2004-June 2018 
 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, Author’s repeat-sales regressions 
based on PropertyData, MSCI Quarterly Property Index  

 

 

Num. qtrs Mean Std. Deviation Std. Error Mean

RSR Price Index All UK x. Lon. 54 0.007 0.12 0.02

Yield mvt Price Index Big Cities 54 0.001 0.07 0.01

Lower Upper

Equal variances assumed 6.78 0.01 0.33 106.00 0.74 0.01 0.02 -0.03 0.04

Equal variances not assumed 0.00 0.33 87.44 0.74 0.01 0.02 -0.03 0.04

Num. qtrs Mean Std. Deviation Std. Error Mean

RSR Price Index All UK x. Lon. 54 0.007 0.12 0.02

Yield mvt Price Index Rest UK 54 0.001 0.07 0.01

Y Upper

Equal variances assumed 6.97 0.01 0.34 106.00 0.73 0.01 0.02 -0.03 0.04

Equal variances not assumed 0.00 0.00 0.34 87.25 0.73 0.01 0.02 -0.03 0.04

Num. qtrs Mean Std. Deviation Std. Error Mean

RSR Price Index All UK x. Lon. 54 0.007 0.12 0.02

MSCI Cap. growth Rest UK 54 -0.003 0.03 0.00

Lower Upper

Equal variances assumed 36.26 0.00 0.63 106.00 0.53 0.01 0.02 -0.02 0.04

Equal variances not assumed 0.63 61.37 0.53 0.01 0.02 -0.02 0.04

Real risk 
premium

Group Statistics

CUKO

Real risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference
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Table 6.8 Comparing means: Yield price change v capital growth  Dec 2004-June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property Index  

The scale of the transactions-based performance measures calculated in respect of Big City and 
Rest of UK office CUKO’s are therefore relevant and can be used for further analysis of these 
property classifications. Some potential uses are explored in Chapter 7.  

6.3.3 Comparing autocorrelation  
The next requirement for testing the validity of transactions-based measures in comparison to 
appraisal-based measures was in whether transactions-based measures had addressed the 
issue of autocorrelation that has presented fundamental problems for interpreting appraisal-
based measures. This has been reflected in a substantial amount of academic work already 
referred to in Chapter 2. The findings as per Tables 6.1 to 6.4 are convincing. The appraisal-
based measures for total return report high positive correlation to the previous quarters’ measure 
for both the London, South East and Rest of UK office markets. The measures approach 0.8% 
for total return and capital growth for all MSCI categorisations for periods up to June 2018 of 10-
years or greater. For income return, unsurprisingly, the figure is even higher given the traditional 
stability of rental income receipts. This predictability is at odds with the vast majority of literature 
relating to asset pricing and it is notable that there is no single or group of investors that are able 
to validate a claim that they can consistently outperform the market. If the performance statistics 
used in commercial property are predictable, surely some manager or organisation should be 
able to show this empirically as noted in Chapter 2. The extremely high level of auto-corelation 
also reduces the likelihood of deriving any statistically significant causal relationships for other 

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index Big Cities 54 0.001 0.07 0.01

MSCI Cap. growth Rest UK 54 -0.003 0.03 0.00

Lower Upper

Equal variances assumed 31.17 0.00 0.39 106.00 0.70 0.00 0.01 -0.02 0.03

Equal variances not assumed 0.00 0.00 0.39 74.81 0.70 0.00 0.01 -0.02 0.03

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index Rest UK 54 0.001 0.07 0.01

MSCI Cap. growth Rest UK 54 -0.003 0.03 0.00

Y Upper

Equal variances assumed 30.09 0.00 0.37 106.00 0.71 0.00 0.01 -0.02 0.03

Equal variances not assumed 0.37 74.95 0.71 0.00 0.01 -0.02 0.03

Num. qtrs Mean Std. Deviation Std. Error Mean

Yield mvt Price Index Rest UK 54 0.001 0.07 0.01

MSCI Cap. growth Out. SE&E 54 0.002 0.03 0.00

Lower Upper

Equal variances assumed
30.52 0.00 -0.08 106.00 0.93 0.00 0.01 -0.02 0.02

Equal variances not assumed
-0.08 74.95 0.93 0.00 0.01 -0.02 0.02

Real risk 
premium

Group Statistics

CUKO

Real risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Price change 
/ capital 
growth

Group Statistics

CUKO

Price change 
/ capital 
growth

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference
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factors driving path of capital growth measures given the difficulty of other lagged variables to 
improve on the relationship inherent in the measure.     

For transactions-based measures, the results, for both the repeat sales regression measures and 
point-to-point yield measures are completely different in relation to total returns and price 
changes. The correlation falls away in respect of all three defined markets to a level below -0.2 
for the repeat-sales based measures and between 0.2 and 0.3 for the point-to-point yield based 
measures. For the repeat-sales measures, the figures are indicative of a very weak negative 
relationship between price movements and previous figures. The figures for the yield based 
measures are a little bit higher but these figures reflect the market trend of large negative auto-
correlation towards the end of the study period where pricing as defined by yields was relatively 
stable, as previously discussed.  

The switch to a slight/modest negative correlation indicating that price rises are followed by price 
falls also attunes with the experience across asset classes including commercial property that 
price movements tend to be bumpy as a sustainable trend is established over a longer period. 
For income returns, the autocorrelation remains high, but lower than the level recorded in respect 
of the appraisal-based measures. Indeed, the stability of the positive income return correlation is 
encouraging given the assumptions made in constructing that metric from transaction prices. The 
auto-correlation issue over the study period, therefore, has been emphatically addressed by 
transactions-based metrics for UK office markets.  

6.3.4 Comparing volatility  
In Chapter 2, the level of volatility recorded within appraisal-based measures was identified as a 
weakness. To calculate the comparable dispersion of returns across the measurement period, 
the standard deviations of appraisal based, and transactions-based measures were calculated 
and compared. As would be expected, the volatility of income return was far lower than that 
which was recorded by the other measures. There were similar levels of standard deviations 
recorded for income return across appraisal and transactions-based methodologies and the 
defined segments. These ranged from 0.3% for London and Inner South Eastern offices 
appraisal-based income return to 0.2% for all other categories. 

For total returns and capital growth/price change, there was, however, a marked difference 
between appraisal- and transaction-based measures. The standard deviation for London total 
returns and capital growth on measures covering the period December 2001 – June 2018 for 
both appraised measures was 4.0%. For Rest of UK offices, the comparable figures for total 
returns and capital growth were 3.2% and 3.1% respectively, indicative of the greater cyclicality 
of London markets. The yield-based transactions-based measures, however, were on a different 
scale. For London, Big Cities and the Rest of UK, standard deviations of total returns stood at 
6.9%, 6.7% and 6.8% respectively. For price change, the comparable measures were 7.0%, 
6.7% and 6.8% respectively. The hierarchy of volatility in terms of London was maintained but all 
defined markets recorded significantly higher levels of volatility in comparison to the appraisal-
based measures.  

In taking the period from December 2004–June 2018 as displayed in Table 6.2, the volatility of 
the repeat-sales based price change measures can also be analysed. The figures for the 
appraisal-based capital growth and yield based transaction price changes are like the levels 
recorded in respect of December 2001-June 2018. For the repeat sales regression method, 
however, the standard deviations for London and All-UK excluding London, for quarterly capital 
growth, stand at 10.5% and 12.0% respectively. Even higher figures are recorded for the 10-year 
period to June 2018.    
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The margin in volatility, considered as a ratio, stood between 1.7x in London and 2.0x for the 
Rest of UK. For the repeat-sales regression based measures over the period December 2004-
June 2018, the ratio in respect of appraisal-based capital growth for London and Rest of UK 
offices is 2.5x and 3.5x respectively. These results can be compared with the findings in Key and 
Marcato (2007) where the authors suggested that the effective standard deviation in respect of 
annualised commercial property returns is 13% - 15% or a factor of 1.3x to 1.5x the level 
prevalent in unadjusted appraisal-based measures. That paper and several others have sought 
to answer the question on how best to estimate volatility in the UK commercial property market. 
For offices at least, transactions-based metrics appear to offer a substantial input in answering 
that question. The repeat-sales regression measure, however, even in respect of London, 
produces a level of volatility which dwarfs the figures produced by appraisal based-measures 
and price changes calculated from transaction yields. They are of a completely different 
magnitude to the other figures and this will impact, as demonstrated in Chapter 7, on the 
application of portfolio modelling if these figures are used.  

6.3.5 Comparing distributions  
The final comparison between appraisal and transactions-based measures covered in this 
chapter concerns the nature of the distribution of those measures. Chapter 5 has already 
discussed the distribution of the yields underpinning the transactions-based measures created 
for this thesis. A wide range of literature has discussed the non-normality of appraisal-based 
return measures e.g. Young et al (2006) and Brown and Matysiak (1998). For both London and 
the Rest of UK markets, appraisal-based capital growth measures were compared with their 
transactions-based counterparts over the period December 2001 to June 2018 (69 quarters) with 
an additional comparison made with repeat sales based measures from December 2004 (54 
quarters). The results of these comparisons are detailed in Table 6.9 and Table 6.10. The 
histograms confirming the range of distributions are displayed in Figure 6.1 (Price changes and 
capital growth from 2001), Figure 6.2 (price change based on repeat sales regressions and yield 
movements from 2004) and Figure 6.3 (capital growth from 2004).  
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Table 6.9 Descriptive statistics and tests for normality of yield based price change and capital growth - Dec 2001-June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property Index  

Descriptive statistics and tests of normality: December 2001 - June 2018

Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
95% Confidence Interval for Mean Lower Bound -0.01 -0.01 -0.02 0.00 -0.01 -0.01 -0.01

Upper Bound 0.02 0.03 0.02 0.02 0.01 0.01 0.01
Median 0.00 0.02 0.00 0.01 0.00 0.01 0.01
Variance 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Std. Deviation 0.07 0.07 0.07 0.04 0.03 0.03 0.03
Minimum -0.16 -0.16 -0.20 -0.15 -0.13 -0.13 -0.13
Maximum 0.15 0.17 0.14 0.07 0.05 0.05 0.05
Range 0.31 0.32 0.34 0.22 0.19 0.18 0.18
Interquartile Range 0.09 0.11 0.10 0.03 0.04 0.03 0.03
Skewness -0.07 0.29 -0.12 0.29 -0.16 0.29 -1.62 0.29 -1.43 0.29 -1.77 0.29 -1.79 0.29
Kurtosis -0.17 0.57 -0.47 0.57 -0.07 0.57 4.11 0.57 3.57 0.57 4.93 0.57 4.75 0.57

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Price Change (yield based)
Big Cities 0.064 69 .200* 0.990 69 0.852
London 0.073 69 .200* 0.988 69 0.753
Rest UK 0.054 69 .200* 0.985 69 0.554
Capital Growth (appraisal based)
Ctrl & Inner London 0.180 69 0.000 0.880 69 0.000
Inner SE & Eastern 0.116 69 0.022 0.908 69 0.000
Outer SE & Eastern 0.160 69 0.000 0.867 69 0.000
Rest of UK Off 0.182 69 0.000 0.859 69 0.000

*. This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Ctrl & Inner London

Shapiro-Wilk

Big Cities London 

Kolmogorov-Smirnov(a)

Rest UK 
MSCI Appraisal-based capital growthYield based price change measures (inflated by income growth)

Rest of UK OffOuter SE & EasternInner SE & Eastern
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Table 6.10 Descriptive statistics and tests for normality of RSR and yield based price change and capital growth - Dec 2004-June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property Index. Author’s repeat-sales regressions based on PropertyData and MSCI 
Quarterly Property Index 

Descriptive statistics and tests of normality: December 2004 - June 2018

Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 0.02 0.01 0.01 0.02 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
95% Confidence Interval for Mean Lower Bound -0.01 -0.03 -0.02 -0.01 -0.02 0.00 -0.01 -0.01 -0.01

Upper Bound 0.05 0.04 0.02 0.03 0.02 0.03 0.01 0.01 0.01
Median 0.02 0.00 0.00 0.03 0.00 0.02 0.01 0.01 0.00
Variance 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Std. Deviation 0.11 0.12 0.07 0.07 0.07 0.04 0.04 0.03 0.03
Minimum -0.23 -0.24 -0.16 -0.16 -0.20 -0.15 -0.13 -0.13 -0.13
Maximum 0.25 0.29 0.15 0.17 0.14 0.07 0.05 0.05 0.05
Range 0.48 0.53 0.31 0.32 0.34 0.22 0.19 0.18 0.18
Interquartile Range 0.12 0.14 0.11 0.12 0.11 0.03 0.04 0.04 0.04
Skewness -0.04 0.32 0.18 0.32 0.03 0.32 -0.20 0.32 -0.12 0.32 -1.79 0.32 -1.41 0.32 -1.60 0.32 -1.45 0.32
Kurtosis 0.18 0.64 0.15 0.64 -0.50 0.64 -0.71 0.64 -0.34 0.64 3.95 0.64 2.69 0.64 3.54 0.64 3.11 0.64

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Repeat-sales regression based price change
London 0.069 54 .200* 0.987 54 0.820
All UK excl. London 0.083 54 .200* 0.981 54 0.540
Price Change (yield based)
Big Cities 0.087 54 .200* 0.983 54 0.655
London 0.104 54 .200* 0.976 54 0.353
Rest UK 0.077 54 .200* 0.978 54 0.436
Capital Growth (appraisal based)
Ctrl & Inner London 0.255 54 0.000 0.830 54 0.000
Inner SE & Eastern 0.146 54 0.006 0.901 54 0.000
Outer SE & Eastern 0.168 54 0.001 0.874 54 0.000
Rest of UK Off 0.130 54 0.024 0.899 54 0.000

*. This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Shapiro-Wilk

Repeat-sales regression based price change
London All UK excl. London 

Kolmogorov-Smirnov(a)

Yield based price change measures (inflated by income growth) MSCI Appraisal-based capital growth
Big Cities London Rest UK Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off
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Figure 6.1 Histograms: Price change or capital growth December 2001-June 2018 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property Index  
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Figure 6.2 Histograms: Price change, repeat sales/yield based: December 2004-June 2018 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, MSCI Quarterly Property Index. 
Repeat sales regression measures based on PropertyData  
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Figure 6.3 Histograms: Capital growth: December 2004-June 2018 
Source: Author’s calculations based on MSCI Quarterly Property Index.  

The findings are again conclusive and extremely encouraging. The appraisal-based measures for 
both London and Rest of UK fail the Shapiro-Wilk tests for normality and display high levels of 
negative skewness and positive kurtosis. Figure 6.3 presents this in visual form. This finding 
confirms the non-normality of appraisal-based property performance measures that has already 
been referred to. The price change metrics for CUKO’s constructed using transaction yields all 
demonstrated a tendency to normality at a statistically significant level. This opens the possibility 
for utilising the transactions-based estimates with greater confidence when applying 
standardised statistical techniques.   

The figures presented in Table 6.10 and Figure 6.2, in respect of the repeat-sales regression 
based price changes, confirm that the higher volatility presented in Table 6.2, in relation to the 
yield based measures can be attributed to the much higher levels of price growth/decline at both 
ends of the distributions. For example, the repeat sales regression measure for London had a 
range of 48% which was far higher than the 32% recorded for the yield-based measures. This 
reflected higher extreme figures as the inter-quartile range was similar.  

6.3.6 Comparing correlations  
One further test of the performance variables was to ascertain the degree of correlation between 
them. This was to determine the strength of the relationship between the price change/capital 
growth measures.  The ideal position would be to establish a clear, positive, but not 
overwhelming relationship between measures covering the same geographic categories.  
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Table 6:11 presents the correlations between the yield-based price change measures at CUKO 
level and the MSCI office market segments over the period from December 2001-June 2018. The 
CUKO’s have a weak positive relationship with each other but a stronger relationship with the 
MSCI segments as would be expected with the strongest relationship between the London 
CUKO and Central and Inner London offices (0.50) with Big Cities showing a clear stable 
relationship with the three non-London segments that was stronger than the relationship 
recorded by the less easily defined Rest UK CUKO.  

Table 6.11 Correlations: Price change measures and capital growth: Dec 2001 – June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning, and MSCI Quarterly Property Index  

 

 

 

 

 

 

 

 

 

 

 

 

 

Big Cities London Rest UK Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off

Big Cities 1.00 0.22 0.23 0.31 0.42 0.42 0.40

London 0.22 1.00 0.18 0.50 0.43 0.41 0.42

Rest UK 0.23 0.18 1.00 0.25 0.27 0.31 0.28

Ctrl & Inner London 0.31 0.50 0.25 1.00 0.92 0.90 0.86

Inner SE & Eastern 0.42 0.43 0.27 0.92 1.00 0.97 0.94

Outer SE & Eastern 0.40 0.41 0.31 0.90 0.97 1.00 0.94

Rest of UK Off 0.40 0.42 0.28 0.86 0.94 0.94 1.00

Yield based price change 
measures (inflated by 

income growth)

MSCI Appraisal-based 
capital growth

Yield based price change measures (inflated by income growth) MSCI Appraisal-based capital growth
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Table 6.12 Correlations: Price change measures and capital growth: Dec 2004 – June 2018 
 

 

Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning, MSCI Quarterly Property 
Index. Repeat sales regression measures based on PropertyData 

Table 6:12 presents the correlation figures for both forms of price change measures and the 
MSCI office market segments over the period December 2004-June 2018. The London repeat 
sales regression measure has clear, reasonable correlations with all other categories. The All UK 
excluding London repeat-sales figure has a weak relationship with both CUKO’s that form the 
basis of the underlying data but clear relationships with the capital growth segments. The yield-
based measures for London and Big Cities again have clear links with the appraisal figures. 
Finally, the scale of correlation within the appraisal-based measures is massive, reaching as high 
as 0.98 in some instances. In summation, the transaction-based measures, with the arguable 
exception of the Rest UK yield based measure, are performing as intended in terms of 
correlation.     

6.3.7 Summary of performance measures  
On the face of it and allowing for some of the aforementioned challenges incurred in creating the 
database such as modest sample sizes, the transactions-based measures created for the UK 
standard office market in this thesis appear to address many of the shortcomings inherent in 
appraisal-based measures. They do this without impinging on the ability of appraisal-based 
measures to give realistic and appropriate measures of commercial property performance over 
the longer term. The evidence has only been presented in terms of UK offices so one obvious 
question to test is whether the same type of comparison is possible in relation to other market 
sectors both within the UK and beyond. The answer to this question will be determined by the 

London All UK excl. London Big Cities London Rest UK Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK Off

London 1.00 0.46 0.43 0.29 0.39 0.41 0.40 0.38 0.37

All UK excl. London 0.46 1.00 0.16 0.30 0.03 0.37 0.37 0.34 0.35

Big Cities 0.43 0.16 1.00 0.06 0.33 0.28 0.35 0.35 0.34

London 0.29 0.30 0.06 1.00 0.18 0.47 0.42 0.41 0.43

Rest UK 0.39 0.03 0.33 0.18 1.00 0.19 0.19 0.23 0.20

Ctrl & Inner London 0.41 0.37 0.28 0.47 0.19 1.00 0.92 0.92 0.92

Inner SE & Eastern 0.40 0.37 0.35 0.42 0.19 0.92 1.00 0.98 0.97

Outer SE & Eastern 0.38 0.34 0.34 0.41 0.23 0.92 0.98 1.00 0.96

Rest of UK Off 0.37 0.35 0.33 0.43 0.20 0.92 0.97 0.96 1.00

MSCI Appraisal-based capital growth

Repeat-sales regression 
based price change

Yield based price change 
measures (inflated by 

income growth)

MSCI Appraisal-based 
capital growth

Repeat-sales regression based price 
change

Yield based price change measures (inflated by income growth)
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homogeneity of the property types identified coupled with the volume of relevant transactional 
evidence available.  

The effectiveness of the measures in quantifying investment performance, relative to their 
appraisal-based counterparts can also facilitate a discussion on a related issue. Whenever a 
category of properties can be clearly defined, effective data filtration is employed and there is a 
sufficient sample of transactions on a quarterly basis, the use of ‘point to point’ measures, in the 
case of UK offices, can be justified.  This methodology has been also compared against the 
prevailing repeat-sales regression methodology. The repeat-sales regression performs effectively 
in most criteria with the notable exception of the volatility measure. It has addressed the low level 
produced by appraisal-based measures but moved to the other extreme, producing a measure 
that is too high for both London and All UK Offices excluding London. Further refinement of 
mathematical models for reducing volatility or trying to create a constant liquidity index might 
improve the mathematical performance of the regression model. The question is why would 
research analysts bother when an alternative simplified methodology exists and, in the case of 
UK offices, delivers effective performance measures.  

Figure 6.4 summarises the findings of section 6.3 in terms of a Red/Amber/Green (RAG) 
analysis.  

 

Figure 6.4 RAG Analysis: Appraisal and transaction-based measures 
 

6.4 Quantifying the nominal and real risk premium for UK office properties 

6.4.1 Constructing the risk premium metrics  
As outlined in Chapter 5, aggregated metrics quantifying the risk premium were calculated on 
both nominal and real terms. The data construction process incorporated the same filtration 

Appraisal-based
MSCI Capital Growth Yield-based price change RSR-based price change

Scale

Autocorrelation

Volatility

Distribution

Correlation

MSCI Capital Growth

Yield-based price change

RSR-based price change

Transaction based

Correct long term performance, autocorrelation too high, volatility too low, 
distribution skewed, high correlation across categories, logical correlation with other 
measures
Correct long term performance, autocorrelation reasonable, volatility realistic, 
distribution approaches normality with reasonable range, plausible correlation within 
categories and across other measures

Correct long term performance, autocorrelation addressed, volatility too high, 
distribution normal but with large range, reasonable correlation across categories
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process outlined for yields. The challenges relating to small sample sizes remained and were 
addressed using an identical process. A nominal risk premium, reflecting the margin between the 
transaction yield and the 10-year UK government bond gross redemption yield at the end of the 
transaction month, was used. To create the metric for the real risk premium, the margin between 
the transaction yield and the index linked gross redemption yield on UK government bonds was 
used. This was calculated by the Bank of America/Merrill Lynch (Datastream mnemonic 
MLUKGI£(RY)) at the end of the month in which the transaction occurred. The aggregated 
figures for nominal and real risk premiums across the study period are represented in Figures 6.5 
and 6.6 respectively.  

Taken from the perspective of this thesis, there was a structural change in the scale of the risk 
premium at some point in the middle of the study period. The timing of this is directly related to 
the aftermath of the GFC and with reference to the collapse of Lehman Brothers in September 
2008. Only history will judge whether this assessment of a structural break is correct. 
Nevertheless, the relative stability of the CUKO risk premiums from 2011 to the end of the study 
period, along with the risk premium statistical properties referred to later in this section, present 
substantial evidence that a new scale of risk premium has been established .Some of the most 
critical factors explaining this shift were discussed in the literature review presented in Chapter 2. 
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Figure 6.5 Nominal risk premium by CUKO: Q1 1999 - Q2 2018 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 
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Figure 6.6 Real risk premium by CUKO: Q1 1999 - Q2 2018 
Source: Author’s calculations based on PropertyData database filtered by stage 3 cleaning 
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These factors included the establishment of Quantitative Easing (QE) programmes in the wake of 
the GFC by central bankers determined to inject liquidity into capital markets which were frozen 
solid. The basic theory behind this approach was that lowering benchmark discount rates would, 
all other things being and remaining equal, support prices across risk bearing assets.  

The aforementioned lowering of interest rates and injection of QE plus the scale of risk aversion 
held by the vast majority of investors at the time created a wave of capital that targeted the 
security of government backed assets in countries in which government finances were perceived 
to be stable. In relation to the UK, however, this this shift towards lower gilt yields lowered the 
level at which the benchmark against which the risk premium was assessed.  

Rather than boosting commercial property prices that would have occurred if a stable risk 
premium had been maintained, the slashing of gilt yields in late 2008 was met by a large 
increase in transaction yields. This was driven by concerns about the underlying fundamentals 
relating to the exposure of UK and overseas banks to the UK commercial property market, 
coupled with the inevitable impact on the underlying economy whereby the GFC was expected to 
herald a substantial recession.  

The rise in commercial property yields was captured by both the transactions-based metrics 
created in this thesis or in the appraisal-based measures used at the time. These movements in 
opposite directions therefore led to sharp Increases in the risk premium which was even more 
pronounced for nominal issues. The scale of the risk premiums, nominal and real, were so 
fundamentally different across all three CUKO’s, before and after the GFC, that they are 
considered in this thesis, as crossing a threshold, essentially representing different measures. 
With that in mind, this thesis has opted to separate the risk premium prior to and after the GFC 
as two distinctive variables and perform the analysis on that basis.  

One could argue that the risk premium should revert to pre-GFC levels at some point in the 
future and that no structural break in the scale of the risk premium has occurred. If this is the 
case, the structurally lower level of real interest rates, in part reflecting lower levels of inflation 
would, along with the restored risk premium, translate into substantial reductions in required 
rates of return. This would imply that property in the latter half of the study period was 
systemically undervalued as the risk premium is too high. There is a plausible case for this but 
the UK at the time of writing faces a number of fundamental challenges in terms of political and 
economic issues. When this is combined with issues specific to the office market in terms of 
adjusting for sustainability, shifting employment patterns and technological obsolescence, the 
case maintaining the risk premium at levels experienced after the GFC, particularly with respect 
to non-London markets, carries far greater weight at the present time.   

The decision was made to introduce the cut-off in December 2008. This did not mark the lowest 
point of the risk premium ‘cycle’ by any means. This occurred in Q3 2007. The period in the 
aftermath of the GFC also saw in relation to Big Cities the smallest sample on record as large 
portions of the UK commercial property market stalled. As far as the risk premium is concerned, 
the most substantial change in the 10-year gilt yield took place in Q4 2008 as, in the aftermath of 
Lehman Brothers collapse, the UK government reduced base rates by 5% to 2% between 8 
October and 4 December. A case could therefore be made for putting the break at Q3 2008 
rather than Q4 2008. Pricing was in transition for several quarters currently, so the thesis takes 
the view that starting one quarter later makes little difference to the headline numbers. The 
statistical tests on the aggregated risk premium measures therefore contain a boundary of 31 
December 2008.  
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As before, the principal tests of the data will be in determining whether the normality assumption 
was satisfied, whether the statistical differences in the weighted average measures between 
CUKO’s were significant and an evaluation of the stationarity of the risk premium. The literature 
in respect of the stability of the risk premium was considered in Chapter 2 and represents an 
important issue given the tendency of the industry to employ an average historic risk premium 
when constructing required investment returns.  

6.4.2 Statistical properties: Nominal Risk Premium Q1 1999 – Q4 2008  
Taking the nominal risk premium over the period Q1 1999 – Q4 2008, the summary statistics are 
presented in Table 6.18 at a CUKO level. The headline statistics from the Shapiro-Wilk test 
indicate that normality is only present in the case of Rest of UK offices. The samples in respect of 
Big Cities and London indicate a level of negative skewness that forces the rejection of the 
assumption of normality. An inspection of the visual data contained in Figure 6.8, however, 
suggested that there was a huge decline in the nominal risk premium across all three CUKO’s 
but particularly in respect of both London and Big Cities. During this period, the risk premium fell 
to levels not experienced since the period prior to the crash of the late 1980’s / early 1990’s. In 
the era prior to that crash, property yielded less than government bonds as a matter of course, 
reflecting the greater protection it offered against inflation following the introduction of regular 
rent reviews - see Fraser (1993) and Scott (1996).  

In the mid 2000’s, London transaction yields fell below gilt yields for three non-consecutive 
quarters over 2006-07, despite all the attendant management costs and liquidity restraints. In the 
case of Big City markets, the quarterly risk premium remained positive but only by a slender 
margin.  

Much has been written of this period when pricing seemed to go astray. The impact of financing 
issues, for example, is covered in detail in Jones et al (2018). Any statistical analysis conducted 
in respect of the risk premium is at risk of being distorted by the measures recorded during this 
period. This thesis elected to test whether the removal of a limited number of data points over 
this period would steer the aggregated metrics towards a normal distribution. In this case, 
therefore, the five quarters standing between Q3 2006 and Q3 2007 inclusive were removed 
from the risk premium distribution analysis.  

Finally, in relation to Big City markets, the first 2 quarters of data – Q1 1999 and Q2 1999 were 
also removed. These data points, right at the start of the study period, were based on modest 
samples that also produced an excessive impact on the assumption of normality. The summary 
statistics for the complete nominal risk premium samples at a CUKO level are presented in Table 
6.13. The comparable figures for the adjusted sample, as outlined above, are presented in Table 
6.14. An analysis of the comparison between the mean statistics of this adjusted sample is 
presented in Table 6.15. 

The summary statistics in Table 6.14 indicate that the normality issue had been addressed in 
relation to the London market. Removing a period of ‘irrational and unsustainable’ pricing has 
improved the Shapiro-Wilk test score to a level which is in accordance with a normal distribution. 
It has also reduced the level of skewness and kurtosis to more appropriate levels.  

The same was also true in respect of Big City offices although the strength of the statistical 
validity for normalcy as defined by the Shapiro-Wilk test was considerably weaker. It does, 
however, remain at a level confirming normality at the 5% confidence level. Whilst the skewness 
of the sample distribution has, to a substantial extent, been removed, the issue of kurtosis 
remains with the substantial negative statistic indicating that the range and scale of outliers 
remained less than what would be expected in relation to a normal distribution.  
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Table 6.15 compared the adjusted risk nominal risk premium metrics at a segment level over the 
period 1999-2008 incorporating the filtering as outlined above. The statistical analysis indicates 
that over this period, there was no statistically significant margin between Big Cities and London, 
implying that they were priced as being of comparable worth. There were statistically significant 
differences recorded when comparing either market to the Rest of UK.  

Table 6.12 Summary statistics: Nominal risk premium 1999-2008 by CUKO   

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

 

 

 

Case Processing Summary
Valid % Missing % Total %

Nominal risk premium
Big Cities 40 100.00 0 0.00 40 100.00
London 40 100.00 0 0.00 40 100.00
Rest of UK 40 100.00 0 0.00 40 100.00

Descriptive statistics

Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 2.06 0.13 1.80 0.15 2.79 0.13
95% Confidence Interval for Mean Lower Bound 1.80 1.49 2.52

Upper Bound 2.31 2.11 3.06
Median 2.08 1.93 2.90
Variance 0.64 0.95 0.71
Std. Deviation 0.80 0.97 0.84
Minimum 0.24 -0.67 0.92
Maximum 3.09 3.60 4.85
Range 2.85 4.27 3.93
Interquartile Range 1.32 0.87 0.91
Skewness -0.60 0.37 -0.73 0.37 -0.31 0.37
Kurtosis -0.41 0.73 0.71 0.73 0.43 0.73

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Nominal risk premium Big Cities 0.111 40 .200* 0.934 40 0.022

London 0.168 40 0.006 0.939 40 0.031
Rest of UK 0.112 40 .200* 0.969 40 0.339

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Big Cities London Rest of UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Table 6.13 Summary statistics Nominal risk premium (adjusted) 1999-2008 by CUKO  

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

CUKO nominal risk premium (adjusted sample): Summary statistics Q1 1999 - Q4 2008

Case Processing Summary
Valid % Missing % Total %

Nominal risk premium
Big Cities 33 100.00 0 0.00 33 100.00
London 35 100.00 0 0.00 35 100.00
Rest of UK 40 100.00 0 0.00 40 100.00

Descriptive statistics

Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 2.23 0.10 2.08 0.11 2.79 0.13
95% Confidence Interval for Mean Lower Bound 2.02 1.85 2.52

Upper Bound 2.43 2.30 3.06
Median 2.16 1.96 2.90
Variance 0.33 0.44 0.71
Std. Deviation 0.58 0.66 0.84
Minimum 1.18 0.74 0.92
Maximum 3.09 3.60 4.85
Range 1.91 2.86 3.93
Interquartile Range 0.98 0.64 0.91
Skewness -0.08 0.41 0.34 0.40 -0.31 0.37
Kurtosis -1.11 0.80 0.11 0.78 0.43 0.73

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Nominal risk premium Big Cities 0.121 33 .200* 0.941 33 0.074

London 0.136 35 0.098 0.959 35 0.220
Rest of UK 0.112 40 .200* 0.969 40 0.339

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Big Cities London Rest of UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Table 6.15 Comparison of means: Nominal risk premium (adjusted sample) 1999-2008 by CUKO  

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 33 2.23 0.58 0.10

London 35 2.08 0.66 0.11

Lower Upper

Equal variances assumed 0.01 0.91 1.00 66.00 0.32 0.15 0.15 -0.15 0.45

Equal variances not assumed 1.00 65.56 0.32 0.15 0.15 -0.15 0.45

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 33 2.23 0.58 0.10

Rest of UK 40 2.79 0.84 0.13

Lower Upper

Equal variances assumed 2.08 0.15 -3.28 71.00 0.00 -0.57 0.17 -0.91 -0.22

Equal variances not assumed -3.40 68.83 0.00 -0.57 0.17 -0.90 -0.23

Num. qtrs Mean Std. Deviation Std. Error Mean

London 35 2.08 0.66 0.11

Rest UK 40 2.79 0.84 0.13

Lower Upper

Equal variances assumed 1.53 0.22 -4.06 73.00 0.00 -0.72 0.18 -1.07 -0.36

Equal variances not assumed -4.12 72.27 0.00 -0.72 0.17 -1.06 -0.37

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Nominal risk 
premium

Group Statistics

CUKO

Nominal risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Nominal risk 
premium

Group Statistics

CUKO

Nominal risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Nominal risk 
premium

Group Statistics

CUKO

Nominal risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t
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In summary, the nominal risk premium across UK offices was exceedingly volatile in the period 
prior to 2008. The transaction yield of property fell to levels that was incompatible with the 
previous scale of the risk premium. Traditional pricing relativities between Big Cities and London 
vanished as prices continued to rise to the extent that there was no statistically significant 
difference when comparing the risk premium measure between the two. Rest of UK prices also 
reached unprecedented heights in the same period. The difference between transaction yields 
and 10-year government bonds got squeezed to the extent that the risk premium disappeared. 
From the second half of 2007, however, the level of pricing started to rise. This applied in both 
absolute (yield) and relative (risk premium) terms. The seizing up of credit markets that started 
with the failure of Northern Rock proved a warning signal to investors that the level of pricing 
recorded at the time was not sustainable.  

The full onset of the GFC, however, in the aftermath of the collapse of Lehman Brothers the 
following Autumn, resulted in the pricing relationship as defined by the nominal risk premium 
undergoing a step change over a short period of time. The headline aggregated measure for Big 
Cities and London rose from below 2% in Q3 2008 to 4% by Q1 2009, an unprecedented 
transformation in terms of speed and scale.  

6.4.3 Statistical properties: Nominal Risk Premium Q1 2009 – Q2 2018  
In terms of assessing the statistical properties of the risk premium between Q1 2009 and Q2 
2018, the challenges incurred in the earlier period did not apply. The summary statistics for the 
nominal risk premium at a defined market level over this period are outlined in Table 6.16. There 
was no need to adjust the sample for any of the defined markets over this period. All three 
markets pass the Shapiro-Wilk test for normality comfortably and all three market distributions 
recorded acceptable levels of skewness and kurtosis. 

The tests for differences between mean over the defined markets across the period 2009 – H1 
2018 are contained in Table 6.17. The statistical significance of difference recorded in the tests 
was stronger than the level that was reported in the period prior to 2008. Even visually, averages 
of 4.77% for Big Cities, 3.17% for London and 5.61% for the Rest of UK market are different, 
particularly when assessed along with the modest (by comparison) standard deviations and inter-
quartile range figures. This is demonstrated by the scale of the t statistics in Table 6.17.   

Since 2008, it appears that on first inspection, nominal risk premium measures have settled at a 
structurally higher level. There is also a much larger margin in the recorded risk premium 
measures across the three markets. This could be described as a return to more appropriate 
levels of price discrimination that to a greater or lesser degree reflects consideration of risk, in a 
relative sense across the different markets, in a manner that was not seen for a significant period 
in the early to mid-2000.  This is explored in Chapter 8 which summarises risk adjusted 
performance over the study period.  
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Table 6.16 Summary statistics: Nominal risk premium 2009-H1 2018 by CUKO  

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

CUKO nominal risk premium: Summary statistics Q1 2009 - Q2 2018

Case Processing Summary
Valid % Missing % Total %

Nominal risk premium
Big Cities 38 100.00 0 0.00 38 100.00
London 38 100.00 0 0.00 38 100.00
Rest of UK 38 100.00 0 0.00 38 100.00

Descriptive statistics

Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 4.77 0.14 3.17 0.10 5.61 0.13
95% Confidence Interval for Mean Lower Bound 4.49 2.96 5.34

Upper Bound 5.06 3.37 5.87
Median 4.74 3.16 5.61
Variance 0.75 0.39 0.65
Std. Deviation 0.86 0.62 0.81
Minimum 2.83 2.19 3.84
Maximum 6.37 4.54 7.28
Range 3.54 2.35 3.44
Interquartile Range 1.19 0.91 1.02
Skewness -0.34 0.38 0.31 0.38 -0.37 0.38
Kurtosis -0.03 0.75 -0.69 0.75 0.07 0.75

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Nominal risk premium Big Cities 0.099 38 .200* 0.974 38 0.524

London 0.094 38 .200* 0.968 38 0.333
Rest of UK 0.078 38 .200* 0.976 38 0.570

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Big Cities London Rest of UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Table 6.17 Comparison of means: Nominal risk premium (adjusted sample) 2009-H1 2018 by CUKO 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 38 4.77 0.86 0.14

London 38 3.17 0.62 0.10

Lower Upper

Equal variances assumed 2.28 0.14 9.31 74.00 0.00 1.61 0.17 1.26 1.95

Equal variances not assumed 9.31 67.34 0.00 1.61 0.17 1.26 1.95

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 38 4.77 0.86 0.14

Rest of UK 38 5.61 0.81 0.13

Lower Upper

Equal variances assumed 0.12 0.73 -4.34 74.00 0.00 -0.83 0.19 -1.21 -0.45

Equal variances not assumed -4.34 73.65 0.00 -0.83 0.19 -1.21 -0.45

Num. qtrs Mean Std. Deviation Std. Error Mean

London 38 3.17 0.62 0.10

Rest UK 38 5.61 0.81 0.13

Lower Upper

Equal variances assumed 1.36 0.25 -14.76 74.00 0.00 -2.44 0.17 -2.77 -2.11

Equal variances not assumed -14.76 69.61 0.00 -2.44 0.17 -2.77 -2.11

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Nominal risk 
premium

Group Statistics

CUKO

Nominal risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Nominal risk 
premium

Group Statistics

CUKO

Nominal risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Nominal risk 
premium

Group Statistics

CUKO

Nominal risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t



222 
 

6.4.4 Statistical properties: Real Risk Premium Q1 1999 – Q4 2008  
The high level of positive correlation between nominal and real risk premium measures (Big 
Cities 0.97, London 0.95 and Rest of UK 0.98) suggested that the statistical properties of the real 
risk premium measure would be similar to that observed in respect of the nominal measure. This 
was indeed the case. The raw sample across the period 1999-2008 illustrated in Table 6.18 
showed all defined markets failed to pass the Shapiro-Wilk normality test. When the time series 
measures were filtered in a similar manner to the nominal figures – Big Cities had statistics for 
the first two quarters and five peak pricing quarters between 2006 and 2007 – London and Rest 
UK had the five peak pricing points removed, the adjusted samples passed the Shapiro-Wilk test 
comfortably.  The summary statistics for the unadjusted and adjusted samples for the period 
1999-2008 are presented in Table 6.18 and Table 6.19.  

In another echo of the results for nominal risk premia, Table 6.20 demonstrated that once again, 
there was no statistically significant difference between the real risk premium for Big City offices 
and the London CUKO over the period 1999-2008. Chapter 7 investigates the relationship 
between expected and required rates of return and discusses whether this presents evidence of 
mispricing. There were statistically significant differences between the mean risk premium for 
both Big Cities and London in comparison to the Rest of UK sample.  

6.4.5 Real Risk Premium Q1 2009 – Q2 2018 
The summary statistics for the three CUKO’s in respect of the stated period are presented in 
Table 6.21. Again, all three markets pass the Shapiro-Wilk test for normality over that period. The 
summary statistics also indicated an acceptable level of skewness and kurtosis for both the Big 
City and London markets but suggested that there was a degree of negative skewness and 
positive kurtosis for the Big City sample, albeit not to the extent of invalidating the normality 
assumption. As can be implied from the scale of the differences between the mean real risk 
premium statistics across the markets, there were statistically significant differences between all 
three over this period of analysis as confirmed in Table 6.22.  

As was the case in respect of the nominal risk premium, the real risk premium measure reflects 
the pricing hierarchy of London, Big Cities and Rest of UK Offices. The margin was limited in the 
period 1999-2008 with no statistical difference reported between London and Big City CUKO’s 
with the average metric for Rest of UK markets posting a margin of less than 100 basis points 
ahead of London offices. As recently as the quarter to September 2005, Rest of UK offices 
captured a risk premium a mere 45 basis points higher than that applicable in respect of London. 
Given that London rental values were recovering by this point (they had been increasing since 
Q4 2004), the lack of price discrimination reported in this boom period appears astonishing, even 
when considered at this particular time and allowing for the benefit of hindsight.   
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Table 6.18 Summary statistics: Real risk premium 1999-2008 by CUKO  

 

Source: Author’s calculations based on PropertyData  filtered by stage 3 cleaning 

  

 

 

 

 

 

 

 

CUKO real risk premium: Summary statistics Q1 1999 - Q4 2008

Case Processing Summary
Valid % Missing % Total %

Real risk premium
Big Cities 40 100.00 0 0.00 40 100.00
London 40 100.00 0 0.00 40 100.00
Rest of UK 40 100.00 0 0.00 40 100.00

Descriptive statistics

Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 4.93 0.09 4.67 0.12 5.66 0.10
95% Confidence Interval for Mean Lower Bound 4.75 4.42 5.46

Upper Bound 5.11 4.91 5.86
Median 5.06 4.78 5.70
Variance 0.32 0.58 0.38
Std. Deviation 0.57 0.76 0.62
Minimum 3.45 2.64 4.19
Maximum 5.82 6.02 6.59
Range 2.36 3.39 2.40
Interquartile Range 0.69 0.77 0.78
Skewness -0.95 0.37 -0.94 0.37 -0.66 0.37
Kurtosis 0.44 0.73 0.94 0.73 -0.07 0.73

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Real risk premium Big Cities 0.138 40 0.054 0.923 40 0.010

London 0.164 40 0.008 0.933 40 0.020
Rest of UK 0.116 40 0.190 0.948 40 0.065

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Big Cities London Rest of UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Table 6.19 Summary statistics: Real risk premium (adjusted) 1999-2008 by CUKO   

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

 

CUKO real risk premium (adjusted sample): Summary statistics Q1 1999 - Q4 2008

Case Processing Summary
Valid % Missing % Total %

Real risk premium
Big Cities 33 100.00 0 0.00 33 100.00
London 35 100.00 0 0.00 35 100.00
Rest of UK 35 100.00 0 0.00 35 100.00

Descriptive statistics

Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 5.06 0.06 4.89 0.08 5.83 0.08
95% Confidence Interval for Mean Lower Bound 4.93 4.72 5.67

Upper Bound 5.19 5.06 5.98
Median 5.12 4.89 5.78
Variance 0.13 0.24 0.21
Std. Deviation 0.36 0.49 0.45
Minimum 4.24 3.86 4.80
Maximum 5.78 6.02 6.59
Range 1.54 2.16 1.79
Interquartile Range 0.53 0.65 0.67
Skewness -0.46 0.41 0.15 0.40 -0.20 0.40
Kurtosis -0.03 0.80 -0.01 0.78 -0.40 0.78

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Real risk premium Big Cities 0.098 33 .200* 0.970 33 0.469

London 0.075 35 .200* 0.988 35 0.961
Rest of UK 0.088 35 .200* 0.970 35 0.446

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Big Cities London Rest of UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Table 6.20 Comparison of means: Real risk premium (adjusted sample) 1999-2008 by CUKO 

    

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 33 5.06 0.36 0.06

London 35 4.89 0.49 0.08

Lower Upper

Equal variances assumed 2.51 0.12 1.64 66.00 0.11 0.17 0.11 -0.04 0.38

Equal variances not assumed 1.65 62.54 0.10 0.17 0.10 -0.04 0.38

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 33 5.06 0.36 0.06

Rest of UK 35 5.83 0.45 0.08

Lower Upper

Equal variances assumed 2.21 0.14 -7.64 66.00 0.00 -0.76 0.10 -0.96 -0.56

Equal variances not assumed -7.69 64.34 0.00 -0.76 0.10 -0.96 -0.57

Num. qtrs Mean Std. Deviation Std. Error Mean

London 35 4.89 0.49 0.08

Rest UK 35 5.83 0.45 0.08

Lower Upper

Equal variances assumed 0.05 0.82 -8.28 68.00 0.00 -0.94 0.11 -1.16 -0.71

Equal variances not assumed -8.28 67.59 0.00 -0.94 0.11 -1.16 -0.71

Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Real risk 
premium

Real risk 
premium

CUKO

Real risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t df

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Group Statistics

Group Statistics

CUKO

Real risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t

df Sig. (2-tailed)
Mean 

Difference
Std. Error 
Difference

95% Confidence Interval of the 
Difference

Real risk 
premium

Group Statistics

CUKO

Real risk 
premium

Independent Samples Test

Levene's Test for Equality of 
Variances t-test for Equality of Means

F Sig. t
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Table 6.21 Summary statistics: Real risk premium (adjusted) 2009-H1 2018 by CUKO   

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

CUKO real risk premium: Summary statistics Q1 2009 - Q2 2018

Case Processing Summary
Valid % Missing % Total %

Real risk premium
Big Cities 38 100.00 0 0.00 38 100.00
London 38 100.00 0 0.00 38 100.00
Rest of UK 38 100.00 0 0.00 38 100.00

Descriptive statistics

Statistic Std. Error Statistic Std. Error Statistic Std. Error
Mean 7.59 0.11 5.99 0.08 8.43 0.10
95% Confidence Interval for Mean Lower Bound 7.37 5.83 8.22

Upper Bound 7.82 6.16 8.64
Median 7.62 6.08 8.45
Variance 0.47 0.25 0.40
Std. Deviation 0.69 0.50 0.63
Minimum 6.25 4.91 6.66
Maximum 9.05 6.93 9.56
Range 2.80 2.02 2.90
Interquartile Range 0.88 0.69 0.77
Skewness -0.16 0.38 -0.18 0.38 -0.83 0.38
Kurtosis -0.22 0.75 -0.74 0.75 0.83 0.75

Tests of Normality

CUKO Statistic df Sig. Statistic df Sig.
Real risk premium Big Cities 0.105 38 .200* 0.970 38 0.381

London 0.105 38 .200* 0.978 38 0.639
Rest of UK 0.109 38 .200* 0.954 38 0.117

* This is a lower bound of the true significance.
(a) Lilliefors Significance Correction

Big Cities London Rest of UK

Kolmogorov-Smirnov(a) Shapiro-Wilk
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Table 6.22 Comparison of means: Real risk premium (adjusted sample) 2009-H1 2008 by CUKO 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 38 7.59 0.69 0.11

London 38 5.99 0.50 0.08

Lower Upper

Equal variances assumed 1.42 0.24 11.57 74.00 0.00 1.60 0.14 1.33 1.88

Equal variances not assumed 11.57 67.83 0.00 1.60 0.14 1.33 1.88

Num. qtrs Mean Std. Deviation Std. Error Mean

Big Cities 38 7.59 0.69 0.11

Rest of UK 38 8.43 0.63 0.10

Y Upper

Equal variances assumed 0.22 0.64 -5.52 74.00 0.00 -0.83 0.15 -1.14 -0.53

Equal variances not assumed -5.52 73.40 0.00 -0.83 0.15 -1.14 -0.53

Num. qtrs Mean Std. Deviation Std. Error Mean

London 38 5.99 0.50 0.08

Rest UK 38 8.43 0.63 0.10

Lower Upper

Equal variances assumed 0.48 0.49 -18.64 74.00 0.00 -2.44 0.13 -2.70 -2.18

Equal variances not assumed -18.64 70.66 0.00 -2.44 0.13 -2.70 -2.18

Real risk 
premium

Sig. (2-tailed)
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Difference
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Difference

95% Confidence Interval of the 
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Group Statistics
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F Sig. t
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6.4.6 Testing for Stationarity: Nominal and Real Risk Premium 
The final stage of statistical testing for risk premium measures involved the consideration of 
stationarity over time. This was of relevance for the risk premium measure(s) as there is common 
practice amongst investors to assume a stable, average risk premium as a feature of the market.  

The tests were undertaken in respect of the nominal and real risk premium with both measures 
split into the time series as previously outlined, namely Q1 1999 – Q4 2008 and Q1 2009 – Q2 
2018. In this instance, only the samples which passed the Shapiro-Wilk normality tests were 
explored. This involved the removal of the peak of pricing across 5 quarters in 2006-07 and, in 
the case of Big Cities, the first two data points of the full study period i.e. Q1 – Q2 1999.  

The results are presented for the nominal risk premium over the period 1999-2018 with the 
separation of results prior to and post 2008 as previously outlined.   

Table 6.23 Dickey Fuller test on risk premium – Big Cities (adj.) Q3 1999 – Q4 2008 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

Table 6.24 Dickey Fuller test on risk premium – London (adj.) Q1 1999 – Q4 2008 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

 
 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.38
R Square 0.14
Adjusted R Square 0.12
Standard Error 0.42
Observations 32

ANOVA
df SS MS F Significance F

Regression 1 0.88 0.88 5.08 0.03
Residual 30 5.17 0.17
Total 31 6.05

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.71 0.30 2.36 0.03 0.09 1.32 0.09 1.32
NRP -1 -0.30 0.13 -2.25 0.03 -0.57 -0.03 -0.57 -0.03

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.44
R Square 0.19
Adjusted R Square 0.17
Standard Error 0.45
Observations 34

ANOVA
df SS MS F Significance F

Regression 1 1.52 1.52 7.64 0.01
Residual 32 6.34 0.20
Total 33 7.86

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.66 0.26 2.58 0.01 0.14 1.18 0.14 1.18
NRP -0.33 0.12 -2.76 0.01 -0.57 -0.09 -0.57 -0.09
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Table 6.25 Dickey Fuller test on risk premium – Rest of UK (adj.) Q1 1999 – Q4 2008 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

For the nominal risk premium across the period 1999-2008, the results were consistent. The t 
statistics in respect of the three markets were not sufficient to reject the null hypothesis that there 
was a unit root.   

Table 6.26 Dickey Fuller test on risk premium – Big Cities (adj.) Q1 2009 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

 

 

 

 

 

 

 

 
 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.27
R Square 0.07
Adjusted R Square 0.05
Standard Error 0.52
Observations 39

ANOVA
df SS MS F Significance F

Regression 1 0.77 0.77 2.80 0.10
Residual 37 10.13 0.27
Total 38 10.90

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.52 0.31 1.67 0.10 -0.11 1.14 -0.11 1.14
NRP -0.18 0.11 -1.67 0.10 -0.40 0.04 -0.40 0.04

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.33
R Square 0.11
Adjusted R Square 0.09
Standard Error 0.56
Observations 37

ANOVA
df SS MS F Significance F

Regression 1 1.36 1.36 4.39 0.04
Residual 35 10.82 0.31
Total 36 12.17

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.07 0.51 2.09 0.04 0.03 2.12 0.03 2.12
NRP -1 -0.22 0.11 -2.10 0.04 -0.44 -0.01 -0.44 -0.01
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Table 6.147 Dickey Fuller test on risk premium – London (adj.) Q1 2009 – Q2 2018 

 

Type 1, Constant no trend17 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Table 6.28 Dickey Fuller test on risk premium – Rest of UK (adj.) Q1 2009 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Again, in respect of the period 2009-H2 2018, the statistical proof for stationarity was limited to 
the London market at the 5% level. For Big Cities and Rest of UK offices, the null hypothesis that 
there was a unit root could not be rejected.  

The unit root tests for the real risk premium for the three CUKOs are presented in Tables 6:29 – 
6:34.  

 

 

 

 

 

 

 
 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.47
R Square 0.22
Adjusted R Square 0.20
Standard Error 0.43
Observations 37

ANOVA
df SS MS F Significance F

Regression 1 1.83 1.83 9.85 0.00
Residual 35 6.49 0.19
Total 36 8.32

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.09 0.37 2.99 0.01 0.35 1.84 0.35 1.84
NRP -1 -0.36 0.11 -3.14 0.00 -0.59 -0.13 -0.59 -0.13

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.39
R Square 0.15
Adjusted R Square 0.13
Standard Error 0.59
Observations 37

ANOVA
df SS MS F Significance F

Regression 1 2.22 2.22 6.30 0.02
Residual 35 12.32 0.35
Total 36 14.54

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.69 0.68 2.47 0.02 0.30 3.09 0.30 3.09
NRP -1 -0.30 0.12 -2.51 0.02 -0.55 -0.06 -0.55 -0.06
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Table 6.29 Dickey Fuller test on real risk premium – Big Cities (adj.) Q3 1999 – Q4 2008 
 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Table 6.30 Dickey Fuller test on real risk premium – London (adj.) Q1 1999 – Q4 2008 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

 

 

 

 

 

 

 

 

 

 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.47
R Square 0.23
Adjusted R Square 0.20
Standard Error 0.29
Observations 32

ANOVA
df SS MS F Significance F

Regression 1 0.74 0.74 8.74 0.01
Residual 30 2.55 0.08
Total 31 3.29

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.14 0.72 2.96 0.01 0.67 3.61 0.67 3.61
RRP -1 -0.42 0.14 -2.96 0.01 -0.71 -0.13 -0.71 -0.13

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.47
R Square 0.22
Adjusted R Square 0.20
Standard Error 0.32
Observations 34

ANOVA
df SS MS F Significance F

Regression 1 0.93 0.93 9.10 0.00
Residual 32 3.28 0.10
Total 33 4.21

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1.61 0.55 2.94 0.01 0.50 2.73 0.50 2.73
RRP -1 -0.34 0.11 -3.02 0.00 -0.56 -0.11 -0.56 -0.11
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Table 6.31 Dickey Fuller test on real risk premium – Rest UK (adj.) Q1 1999 – Q4 2008 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Across the period 1999 -2008, the differences in the test statistics produced for the real risk 
premium in comparison to the nominal risk premium were striking. For all three markets, the null 
hypothesis can be rejected at a 5% level showing all three markets real risk premium measures 
display stationarity at a statistically significant level.  

 

Table 6.32 Dickey Fuller test on real risk premium – Big Cities (adj.) Q1 2009 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

 

 

 

 

 

 

 

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.47
R Square 0.22
Adjusted R Square 0.20
Standard Error 0.38
Observations 34

ANOVA
df SS MS F Significance F

Regression 1 1.28 1.28 9.07 0.01
Residual 32 4.52 0.14
Total 33 5.80

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.60 0.86 3.01 0.01 0.84 4.36 0.84 4.36
RRP -1 -0.45 0.15 -3.01 0.01 -0.75 -0.14 -0.75 -0.14

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.43
R Square 0.18
Adjusted R Square 0.16
Standard Error 0.50
Observations 37

ANOVA
df SS MS F Significance F

Regression 1 1.95 1.95 7.75 0.01
Residual 35 8.83 0.25
Total 36 10.78

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.58 0.92 2.81 0.01 0.72 4.44 0.72 4.44
RRP -1 -0.34 0.12 -2.78 0.01 -0.58 -0.09 -0.58 -0.09
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Table 6.33 on real risk premium Dickey Fuller test – London (adj.) Q1 2009 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Table 6.34 Dickey Fuller test on real risk premium – Rest of UK (adj.) Q1 2009 – Q2 2018 

 

Type 1, Constant no trend14 Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning 

Over the period 2009-H1 2018, the aggregated real risk premium metrics continued to record a 
degree of stationarity. For both the Big City and London markets, this held at a 10% level 
whereas the Rest of UK markets continued to report stationarity at a 5% level. 

In summation, the tendency towards stationarity, a critical property for a risk premium measure, 
appears to be stronger in relation to the real risk premium metric. This suggests that in the 
analysis of what constitutes an appropriate risk premium measures, the real risk premium would 
be preferable to the nominal one even though, as explored in the literature review, the tendency 
has been for the industry to focus on the nominal measures as defined by the 10-year nominal 
government bond yield. The pros and cons of using real and nominal measures are explored in 
the literature review. 

6.4.7 Risk premium analysis 
The statistics produced in this chapter demonstrate that the scale of the commercial property risk 
premium relating to the UK standard office market changed fundamentally in scale because of 
the GFC. This paper has addressed this issue by calculating separate risk premium variables 
prior to and post December 2008, suggesting that they are, to all intents and purposes, different 
variables when considered in terms of scale.  

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.43
R Square 0.19
Adjusted R Square 0.16
Standard Error 0.37
Observations 37

ANOVA
df SS MS F Significance F

Regression 1 1.12 1.12 8.10 0.01
Residual 35 4.84 0.14
Total 36 5.97

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.07 0.73 2.82 0.01 0.58 3.55 0.58 3.55
RRP -1 -0.35 0.12 -2.85 0.01 -0.59 -0.10 -0.59 -0.10

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.45
R Square 0.21
Adjusted R Square 0.18
Standard Error 0.52
Observations 37

ANOVA
df SS MS F Significance F

Regression 1 2.45 2.45 9.06 0.00
Residual 35 9.46 0.27
Total 36 11.91

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 3.46 1.15 3.01 0.00 1.13 5.80 1.13 5.80
RRP -1 -0.41 0.14 -3.01 0.00 -0.69 -0.13 -0.69 -0.13
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The average figures for the risk premium statistics for the risk premium are summarised in Table 
6.35. The margin between nominal and real measures stood at 3% in respect of Rest of UK 
offices over the period 1999-2008 and 2.8% for the remaining segments in respect of both time 
periods. This represents a plausible estimate of how UK investors have priced inflation over the 
study period.  

Table 6.35 Average risk premium – 1999 – H1 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning                   
*Reflects the filtration of ‘extreme pricing’ as outlined in detail in 5.2.2 and 5.3.4  

The risk premium measures presented indicated times when the scale of risk attributed to the 
different markets narrowed or widened substantially. This should provide evidence to an 
investment as to whether, at an aggregated level, one market was priced correctly relative to the 
other at the headline level. This issue is further explored in Chapter 8 relating to risk adjusted 
performance but the higher levels of volatility and periods of stationarity and non-stationarity 
should allow for a range of market views to be explored and justified. This contrasts with risk 
metrics sourced through highly serially correlated appraisal-based measures. Along with the 
relative lack of volatility in these measures, the industry, almost by accident, moves towards a 
narrow interpretation of the broader market, essentially repeating the immediate past.  

6.5 Summary 
The transaction-based metrics produced in Chapter 5 have been subjected to substantive 
statistical analysis to determine their validity before detailed market analysis was conducted 
using them. They have now been compared in a direct manner with transaction-based price 
change measures calculated using the repeat-sales regression methodology. Following that 
interrogation, performance metrics relating to price changes and total returns were constructed. 
These metrics compared favourably with their long-established appraisal-based counterparts as 
defined in Tables 6.1-6.4. A summary of the qualities of the different measures is provided in 
Figure 6.3. 

 

 

 

 

 

 

 

1999-2008* 2009-H1 2018
Nominal Risk Premium
Big Cities 2.2 4.8
London 2.1 3.2
Rest of UK 2.8 5.6

Real Risk Premium
Big Cities 5.1 7.6
London 4.9 6.0
Rest of UK 5.8 8.4
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The analysis presented in this chapter refers to market-level measures for the three defined (by 
location) CUKO’s of Big Cities, London and the Rest of UK. The metrics are designed to 
represent average market performance. They do not explore the underlying performance drivers 
as how these might influence that average performance to varying degrees. This, therefore, 
excludes, any analysis of the standard ‘prime versus secondary’ or ‘average versus long income’ 
type of analysis at that deeper level. These ‘layers’ of analysis are contained, effectively, within 
the underlying distribution of transaction prices that create the aggregated market figures. 

The data presented and analysed in this chapter also enabled the measurement, quantification 
and tracking of a risk premium measure that is more realistic in analysing the greater level of 
volatility of price movements which pertain to the commercial property market. The statistics are, 
at a headline level, more comparable with the data that is produced in the mainstream asset 
classes which benefit from much greater levels of price discovery through frequent trading. Some 
of the difficulties in constructing a portfolio allocation model based on appraisal-based data and 
where these transactions-based measures might assist are explored in further chapters.  

The hierarchy and spread of investment performance across any of the three CUKO’s and range 
within a particular market can all be interrogated through use of the transactions-based 
measures presented in this chapter. The analyst must always, however, be aware of the 
limitations, knowing that a basic income return measure based on a handful of assumptions 
relating to the recorded transactions yield should not replace the forensic interrogation of 
accounting data that lies at the heart of the MSCI/IPD (and others) measure. The long term, 
similarities in the results, however, demonstrate that it represents a valuable addition to the 
analyst’s standard toolkit.  

This analysis, particularly in relation to assumptions of normality and stationarity of market 
measures, have direct implications for the traditional forecasting methodologies which have 
exploited the serial correlation between appraisal-based property equivalent yields for decades. 
These have produced forecasts of total returns that provided good measures in terms of 
explanatory model power but a weak track record in terms of predicting future investment 
performance.  

This chapter contributes in significant detail to the wider debate on the scale and stability of the 
commercial property risk premium in respect of the UK office market. It produces quantified 
metrics across three major defined markets of UK offices and presents the measures on both 
nominal and real bases.  

The validity of the measures created in Chapter 5 has been demonstrated in terms of statistical 
veracity and through direct comparison with the appraisal-based measures that continues to be 
at the heart of investment analysis undertaken in respect of UK commercial property today. 
These comparisons related to price changes, total returns and the risk premium.  
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Chapter 7 Quantifying risk and applying portfolio theory using transaction-based 
measures 
 

7.1 Introduction 
This chapter produces further analysis utilising the performance data constructed from 
transaction yields. It specifically investigates whether the metrics created can produce effective 
risk analysis and be utilised in applying portfolio theory. This builds upon the investigation of 
appraisal based commercial property measures presented in 2.2.1. That section demonstrated 
how the lower levels of volatility inherent in appraisal-based metrics produce flattering 
calculations of the risk adjusted performance of commercial property.  

In terms of headline statistics, Figure 5.5 demonstrates how the new transactions-based 
measures, in isolation, contained higher levels of volatility in comparison to appraisal-based 
measures. This chapter seeks to extend the analysis of risk to illustrate practical use of the 
transactions-based measures in commercial property risk analysis. 

The chapter starts by comparing total returns on a risk adjusted basis for appraisal- and 
transaction-based measures using the standard deviation as a measure of volatility. The Sharpe 
ratio (Sharpe, 1966) is explored along with the Sortino measure (Sortino and Price, 1994). A brief 
exploration of academic literature in respect of these measures is provided in Chapter 2 (2.4). 
The contents of this chapter then discuss the scale of correlation between commercial property 
performance measures for the three CUKOs, both in terms of traditional appraisal-based 
measures and from transaction prices. There then follows a brief investigation on the impact on 
portfolio theory in terms of optimisation using transaction-based measures. The implications for 
investment analysts from these strands of analysis are then assessed prior to the conclusion.  

At this stage, however, it must be noted that the analysis presented in respect of risk will be 
incomplete. The data has been constructed in respect of the UK standard office market and three 
separate CUKOs have been defined as discussed in Chapter 4. It is therefore not possible at this 
stage to create a full investable universe metric. This prevents, prior to further research creating 
the relevant datasets, the quantification of risk on the basis laid out in the capital asset pricing 
model as developed by Sharpe (1964) and Lintner (1965). In this model and the wider theory 
developed on the back of it, diversification eliminates asset specific risk and leaves market risk 
as the fundamental definition of quantified risk. The risk of individual assets could then be 
measured by comparing their performance directly with the defined market. 

That relationship measured and defined as beta5, remains at the heart of the quantification of risk 
across many asset classes. A defined universe or ‘benchmark’ statistic is also a fundamental 
component of a range of risk measures such as the Treynor ratio (Treynor, 1965), Jensen’s 
alpha (Jensen, 1968), Modigliani’s risk adjusted performance calculation (Modigliani and 
Modigliani, 1997), an information ratio or a tracking error calculation (Treynor and Black, 1973). 

7.2 Quantifying risk adjusted performance 

7.2.1 Risk adjusted returns 
There are number of established methodologies in quantifying risk that do not require a defined 
commercial property universe or benchmark measure. The most basic metric is the standard 
deviation of returns. This assesses the overall volatility in relation to an average over a time 
series. The figures for MSCI valuation-based measures are presented in Table 2.1. Using the 
standard deviation normally requires assumptions as to the normality of the distribution of the 
defined measures and this is discussed in detail in Chapters 5 and 6.  
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Table 7.1 Annualised returns/standard deviation as at June 2018 

 

Calculations reflect annualised total return over the stated period divided by the standard deviation of those 
annualised total returns. All figures to end June 2018.  

Source: MSCI Quarterly Property Index June 2018, Transaction based total return estimates: Author’s calculations 
based on PropertyData database filtered by stage 3 cleaning. Repeat sales measures based on PropertyData. Equities 
and 10-yr gilt returns from Datastream (FTALLSHRI) and (BMUK10YRI)  

 

Table 7.1 illustrates the risk adjusted performance for both appraisal-based and transactions- 
based property measures. This was calculated by dividing the annualised total return divided by 
the standard deviation of those total returns across the measurement period.  It also contains 
headline statistics for equities and 10-year gilts that enable a comparison across asset classes.  

The figures presented in Table 8.1 suggest some interesting stories.  The appraisal-based 
measures in respect of London showed, over the longer term, similar measures of risk adjusted 
performance across appraisal and yield based transactions-based metrics. The repeat sales 
measures showed lower risk adjusted returns, reflecting the higher levels of volatility already 
discussed in Chapter 6.    

A far more significant divergence between appraisal-and transaction-based measures was found 
in respect of non-London markets. This was based on the definitions of Rest of UK offices10 used 
for MSCI appraisal-based measures and the transactions-based metrics for both Big Cities and 
Rest of UK offices. In the period to June 2018, the appraisal-based measure produced higher 
measures for Rest of UK offices over the 3- and 5-year periods to June 2018. Over the longer 
term, however, the transaction-based measures based on yields, not repeat sales, displayed a 
markedly superior risk return trade-off than what was suggested by the appraisal-based 
measures.  

MSCI Quarterly Property Index                                       
(Standing investments only, standard offices) 3yrs 5yrs 10yrs 13yrs 16.yrs

Ctrl & Inner London 1.56 1.48 0.60 0.60 0.62

Inner SE & Eastern 1.85 1.54 0.40 0.37 0.46

Outer SE & Eastern 4.63 2.26 0.51 0.50 0.63

Rest of UK 2.22 2.19 0.31 0.32 0.47

Transaction-based point-to-point yield 
movements (inflated by income growth)

London 0.78 1.19 0.84 0.63 0.66

Big Cities 1.65 1.49 0.42 0.46 0.61

Rest of UK 7.99 1.86 0.64 0.58 0.72

Repeat sales regression transaction measures 
(price growth plus income return sourced from 
point to point measure)

London 0.70 0.98 0.45 0.43

All UK excl. London 0.57 1.08 0.30 0.29

Other asset classes

Equities 1.20 1.29 0.56 0.54 0.55

Gilts 0.61 0.85 0.88 0.78 0.83
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The difference in total returns for non-London offices in the aftermath of the GFC is presented in 
Figure 7.1. The data is presented over 6-month periods. The upward trend of Rest of UK offices 
and, to a lesser degree, Big Cities, is in marked contrast to the appraisal-based measures that 
show flat total returns from 2010 through to the end of 2013. This implies sustained falls in capital 
values negating the income return received over the period. It is notable that the transactions-
based measures suggested both Big Cities and Rest of UK offices generated substantial total 
returns in 2011 at a time when the appraisal-based measures remained, at best, flat or slightly 
negative.  

 

 

Figure 7.2 Non-London offices: Transaction measures show quicker recovery post GFC 
Source: MSCI Quarterly Property Index June 2018 – IPD total return figures exclude transactions and developments – 
Transaction based total return estimates: Author’s calculations based on PropertyData database filtered by stage 3 
cleaning. Repeat sales regression based on PropertyData 

Figure 7.2 illustrates the stark contrast between appraisal-based yields and their transaction 
counterparts in respect of non-London offices. The appraisal based initial yield continued to rise 
from 2010 through to 2013, implying a sustained and substantial loss in value over the period. In 
this period, appraisal based equivalent yields for example rose for 11 consecutive quarters 
between Q3 2010 and Q1 2013.   

There were several potential causes of this trend including the coalition government’s austerity 
measures where cuts in public sector employment impacted on non-London markets most 
severely. There was also a feeling in the industry at the time, reflecting the author’s direct 
professional experience, including conversations with a substantial number of peers including 
research analysts, asset managers and fund managers, investors had paid too much for non-
London assets in the run up to the GFC. After the GFC, the sector defined as Rest of UK offices 
was not in favour for years. It is reasonable to believe that this sustained period of pricing moving 
in in a single direction represents an example of groupthink or herding. Such an investment 
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market can offer significant opportunities to those investors prepared to take a different view. 
Thus, investors who acquired non-London assets in the early part of the 2010s will have, on 
average, made effective decisions.     

 

Figure 7.3 Transaction yields show greater volatility and present a more realistic picture 
Source: MSCI Quarterly Property Index June 20182014 – Total return figures exclude transactions and developments – 
Transaction based total return estimates: Author’s calculations based on PropertyData filtered by stage 3 cleaning. 

The shaded circles in Figure 7.2 highlight periods when transaction-based measures were 
moving in different directions to the traditional appraisal-based metrics. It is reasonable to 
suggest that the transaction-based metrics reflect the activities of a range of investors who 
sought opportunities at the perceived bottom of the market. Whilst the move towards lower yields 
was far from uniform, it is the contention of this thesis that the transactions-based yields 
presented in Figure 7.2 produce more accurate representations of the investment market than 
the uniform story delivered by appraisals. It should also be noted that the appraisal-based 
measures captured the activities of institutions and the larger property companies rather than the 
whole market, as was demonstrated in Figure 5.2.  

Appraisal-based measures can also reflect an imbalance in net investment within a particular 
segment e.g. if money is being withdrawn by institutions from a specific market segment, the 
appraisals of remaining assets may reflect, to a greater extent, a narrow sub-section of the wider 
market when establishing appraised values. The greater volatility inherent in the transactions-
based measures again presents a more realistic measure on which to base risk analysis. This 
should assist analysts in identifying mispriced markets and opportunities not necessarily 
identified through traditional appraisal-based measures.  

7.2.2 Sharpe and Sortino ratios 
The risk measures known as the Sharpe and Sortino ratios were discussed in 2.4.2. Sharpe ratio 
calculations for the three CUKO’s and two defined Repeat Sales Regression categories are 
presented in Table 7.2 alongside a selection of alternative asset classes for comparison. The 
data inputs into the Sharpe ratio calculations across all segments and asset classes were 
converted to an annualised basis before the excess return and standard deviations were 
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calculated. This was undertaken to base the analysis on terms most easily identifiable and 
explainable for an investment analyst i.e. the annualised rate of return for property markets 
compared with equity markets. 
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Table 7.2 Sharpe and information ratios: June 2002 – June 2018 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on PropertyData. All figures based up to June 2018. Repeat sales 
figures reflect 13 years to June 2018. Datastream (Mnemonics REITSUK(RI),  FTALLSH (RI), ML£N4G£(RI) & ML£N8W£(RI))  

Original Sharpe ratio

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 0.10 0.27 0.17 0.04 -0.17 0.18 -0.05 -0.01 0.12
June 02 - June 09 0.09 0.19 0.22 0.04 -0.41 -0.22 -0.40
June 09 - June 18 0.27 0.40 0.11 0.08 -0.10 0.46 0.60 0.33 0.56

Updated Sharpe ratio (Bmk = 10 Yr gilts)

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 0.08 0.23 0.12 0.04 -0.15 0.16 -0.04 -0.01 0.09
June 02 - June 09 0.07 0.14 0.15 0.03 -0.32 -0.18 -0.32
June 09 - June 18 0.22 0.43 0.08 0.10 -0.10 0.36 0.38 0.25 0.38

Information ratio (Bmk = CPI + 2.5) 

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 0.10 0.27 0.16 0.04 -0.16 0.15 -0.04 -0.01 0.09
June 02 - June 09 0.09 0.17 0.18 0.03 -0.31 -0.17 -0.29
June 09 - June 18 0.27 0.48 0.11 0.10 -0.11 0.37 0.40 0.27 0.40

Transaction based measures
Point-to-point yields inflated by income growth Repeat-sales regression

Other asset classes
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There are several issues suggested by the data in Table 7.2 that deserve to be explored in 
greater detail. First is that the ratios are generally small across the full study period with no asset 
class delivering a ratio anywhere near 1.00. Differences between the measures over the full 
study period were relatively modest although it is notable that the repeat sales regression figures 
produce lower figures across in comparison to the yield based measures, reflecting the higher 
levels of volatility.  

Given the 10-year gilt yield has represented the risk-free rate for property investors, the 
performance of this risk-free asset over the study period raises questions over the interpretation 
of risk related measures. Substantial positive returns were delivered by gilts over the study 
period, particularly over the course of the GFC and its aftermath. Gilt returns were boosted 
directly by government policy through quantitative easing. In addition, waves of negative 
sentiment from investors fed through to risk aversion that bolstered gilt returns despite the 
historically low level of yield. The volatility of the defined risk-free asset itself was therefore 
considerable as was its relationship with other asset classes.  

The study period of 2002-2018 therefore contained investment performance that could be 
considered contrary to perceived wisdom. This is illustrated by the results presented in Table 7.3. 
If the study period were taken as the start of the millennium, 10-year gilts would have 
outperformed both equities and AAA-A rated bonds over the whole period. The selection of the 
start date of June 2002 to reflect the availability of property data produced modest levels of out-
performance for equities, REITs and B-BBB rated corporate bonds but the modest risk adjusted 
measures are clear. Investment analysts can debate whether this reflected the rational pricing 
across the range of asset classes. Dimson et al (2013) present a compelling case for a world of 
low returns. It is reasonable to hypothesise that the modest statistics illustrated in Table 7.2 
represent a pushback against the seemingly excessive returns enjoyed in the second half of the 
twentieth century, as catalogued in Dimson et al (2002).    

Commercial property as represented by the transactions-based measures calculated in respect 
of UK offices fared slightly better in terms of producing, in the main, positive ratios over the full 
period and both sub-periods. Again, however, the statistics proved modest. The repricing of 
property post-2008 in the aftermath of the GFC is also reflected in higher positive ratios over the 
period 2009-2018. This trend was consistent across all asset classes and measures. The sub-
periods are also impacted by the timing of the GFC in 2008-09 where a sharp fall was followed 
by a rapid recovery.  It is also interesting to note that the repeat sales-based calculation for non-
London offices produces negative figures across the full study period. 
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Table 7.3 Sharpe ratio calculation inputs: 2000-2018  

 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on PropertyData. All figures based up to June 2018. Repeat sales 
figures reflect 13 years to June 2018. Datastream (Mnemonics REITSUK(RI),  FTALLSH (RI), ML£N4G£(RI) & ML£N8W£(RI))  

Repeat sales figures reflect 13 years to June 2018

Average (arithmetic) annual returns 

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 7.4% 9.9% 7.9% 7.1% 2.2% 10.5% 5.5% 6.2% 7.0%
June 02 - June 09 7.6% 9.3% 8.7% 7.5% -0.3% 4.9% 4.3%
June 09 - June 18 8.7% 10.8% 7.0% 7.9% 3.5% 13.7% 11.8% 7.5% 10.0%

Standard deviation of annual returns

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 11.2% 13.7% 10.3% 23.0% 24.0% 23.1% 14.7% 5.9% 6.7%
June 02 - June 09 13.3% 15.8% 10.4% 28.1% 16.5% 6.7% 5.2%
June 09 - June 18 10.0% 12.1% 10.3% 23.7% 25.9% 16.9% 9.8% 4.8% 7.3%

Excess annual returns (vs 10-year nominal gilts)

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 1.2% 3.7% 1.7% 0.9% -4.0% 4.3% -0.7% 0.0% 0.8%
June 02 - June 09 1.2% 2.9% 2.3% 1.1% -6.7% -1.5% -2.1%
June 09 - June 18 2.7% 4.8% 1.1% 2.0% -2.5% 7.8% 5.9% 1.6% 4.1%

Standard deviation of annual returns - Bmk (10-year gilts)

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 14.6% 16.4% 14.3% 25.5% 27.3% 27.2% 19.2% 7.3% 9.0%
June 02 - June 09 17.5% 20.9% 15.0% 32.2% 20.9% 8.1% 6.5%
June 09 - June 18 12.6% 11.3% 14.5% 19.9% 24.0% 21.7% 15.7% 6.3% 10.6%

Standard deviation of annual returns - Bmk (CPI + 2.5%)

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
June 02 - June 18 11.4% 13.9% 10.6% 23.2% 24.2% 27.7% 18.8% 7.4% 9.0%
June 02 - June 09 13.5% 17.5% 12.5% 33.9% 21.5% 8.6% 7.2%
June 09 - June 18 10.2% 10.1% 9.6% 20.1% 22.3% 21.1% 14.8% 5.9% 10.0%

Transaction based measures Other asset classes
Point-to-point yields inflated by income growth Repeat-sales regression
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The inputs that produced the Sharpe ratio calculations including average returns, standard 
deviations and excess returns are presented in Table 7.3. The standard deviation of annualised 
property returns, based on point-to-point yields, relative to other asset classes, reflected a 
position where volatility was higher than 5-15yr corporate bonds, both AAA-A and BBB-B issues,  
but substantially lower than equities. This appears a rational positioning of commercial property 
relative to other asset classes. The repeat-sales measures, however, suggest that the volatility of 
returns is more comparable with REITs, than a hybrid equity/fixed income asset class.   

The risk adjusted performance delivered by UK listed property companies as defined by the 
Datastream REITS series (mnemonic REITSUK) is also worthy of comment. The scale of 
volatility as defined by the standard deviation of annualised returns was far beyond the levels 
recorded in respect of the other investment categories. The scale of the volatility recorded over 
2002-2009 was of such a magnitude that it would impact on risk measures based on volatility for 
a period much greater than the specific study period used in respect of this thesis. This is of 
particular importance for investors who might consider that purchasing shares in listed property 
companies offers a low risk route in trying to access the UK property market.  

The statistics in Tables 7.2 and 7.3 suggest that Big Cities underperformed in terms of risk 
adjusted performance both London and the Rest of UK CUKO’s over the full study period and 
both sub-sets. This was principally attributed to the lower level of returns generated by that 
market as outlined at a quarterly level in 2.2.1. There was also a boost to the Rest of UK 
measure in the sub-period of 2009-2018 from a large decline in the standard deviation in the 
annualised returns over that specific period.  

Whilst the Sharpe ratio has had its challenges and critiques, it remains a straightforward tool that 
assesses risk adjusted performance, spanning within and across asset classes, with value in 
assessing relative risk-adjusted performance. The analysis produced in 7.2.2 confirms that 
commercial property metrics constructed using transactions-based measures can make an 
effective contribution to risk analysis in this area.  

Finally, in respect of the Sharpe ratio, Table 7.4 compares the transactions-based measures 
illustrated in Table 7.2 with comparable appraisal-based measures sourced from the MSCI 
Quarterly Property Index as at June 2018. The figures do indicate, however, that the two forms of 
measurement produced similar results in the run up to the GFC. Post 2009, the appraisal-based 
measures show weaker performance from UK offices as already highlighted in 7.2.1.
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Table 7.4 Sharpe ratios: Comparing transactions and appraisal-based measures 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on PropertyData. All figures based up to June 2018. Repeat sales 
figures reflect 13 years to June 2018.: MSCI Quarterly Property Index   

Original Sharpe ratio

Big Cities London Rest UK London All UK excl. London All Property All Std-Offices Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK
June 02 - June 18 0.10 0.27 0.17 0.04 -0.17 0.16 0.22 0.28 0.02 0.16 0.00
June 02 - June 09 0.09 0.19 0.22 0.05 -0.01 -0.09 -0.23 -0.07 -0.04
June 09 - June 18 0.27 0.40 0.11 0.08 -0.10 0.56 0.67 1.07 0.39 0.64 0.16

Updated Sharpe ratio (Bmk = 10 Yr gilts)

0 Big Cities London Rest UK London All UK excl. London All Property All Std-Offices Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK
June 02 - June 18 0.08 0.23 0.12 0.04 -0.15 0.14 0.19 0.23 0.01 0.12 0.00
June 02 - June 09 0.07 0.14 0.15 0.05 -0.01 -0.07 -0.17 -0.05 -0.03
June 09 - June 18 0.22 0.43 0.08 0.10 -0.10 0.27 0.39 0.90 0.30 0.44 0.11

Information ratio (Bmk = CPI + 2.5) 

0 Big Cities London Rest UK London All UK excl. London All Property All Std-Offices Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK
June 02 - June 18 0.10 0.27 0.16 0.04 -0.16 0.15 0.21 0.28 0.02 0.16 0.00
June 02 - June 09 0.09 0.17 0.18 0.05 -0.01 -0.08 -0.21 -0.06 -0.04
June 09 - June 18 0.27 0.48 0.11 0.10 -0.11 0.54 0.66 1.04 0.36 0.58 0.14

MSCI Appraisal based measuresTransaction based measures
Point-to-point yields inflated by income growth Repeat-sales regression
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7.2.3 Downside risk 
The downside deviation calculations have been fed through to Sortino ratios for the CUKO’s and 
asset classes as previously presented in Table 7.2 and Table 7.3. The measures have been 
calculated across the full study period and the two sub-periods of June 2002-June 2009 and 
June 2010-June 2018. The downside deviations have been based on the following benchmarks 
or target rates of return:  

1. Delivering below average (in relation to that specific asset) performance 
2. Delivering positive performance i.e. downside ratio calculated in respect of negative 

returns only. 
3. Delivering returns set against an absolute return target of 4.5% pa (mimics the 

inflation + 2.5% average target calculated across the study period)  
4. Delivering performance above the risk-free rate of return derived from 10-year gilts 

The full statistics are presented in Table 7.5. As with the Sharpe ratio calculations displayed 
earlier in the chapter, several themes and trends can be inferred.  

Across the full study period, the three commercial CUKOs as defined by point-to-point yield 
measures, particularly London, performed reasonably well against the alternative asset classes 
regardless of the type of benchmark used. This reflects the excess returns generated by the 
asset class over the full study period. The repeat sales-based measures, however, produces a 
much lower level of risk adjusted performance in every instance. This measure often competed 
with REITs for the lowest risk adjusted score, with the sole exception of London in respect of 
benchmarking against 10-year gilts over the second part of the study period.   

The difference in performance amongst asset classes across the two defined sub-periods is very 
pronounced. The period since the GFC has seen a substantial recovery in risk adjusted returns 
across asset classes although these will, to a certain extent, be flattered by the reduction in 
returns produced by gilts. 

The period prior to the end of 2008 saw many risk bearing assets deliver negative returns across 
a significant number of years. This is captured in the ratios stated for matching or exceeding a 
benchmark of greater than 0% pa. With the arguable exception of the highly volatile time series 
published in respect of real estate REITS, all other asset classes reported a major improvement 
in Sortino ratios across the second sub-period of 2009-18. Commercial property as defined by 
the three office CUKOs again fared reasonably well by comparison over this period.   

In absolute terms, the highest ratios, reflecting superior risk adjusted performance over the 
period 2009-18 was produced by corporate bonds, with the credit ratings having a range of 
impact across different time periods and benchmarks. The three-commercial property CUKOs, 
particularly in respect of London and Rest of UK offices were the next best performers regardless 
of the form of benchmark used. Corporate bonds could be seen as a direct competitor, in terms 
of matching risk appetites, for a broad swathe of investors so it is important to take a note of the 
relativities and margins in the performance between those asset classes.  

The broader equity market, as determined by the FTSE All-Share Index, performed slightly 
behind the three-commercial property CUKOs in the second sub-period of 2009-18. The UK 
office market, therefore demonstrated a reasonable track record in comparison to equities even 
allowing for the greater volatility and fluctuations inherent in the transactions-based measures 
used. The out-performance of London in terms of downside risk, relative to the other property 
categories, was significant in the second half of the study period.    
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Table 7.5 Sortino ratios with various benchmarks: 2000-2018 
 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on PropertyData. All figures based up to June 2018. Repeat sales 
figures reflect 13 years to June 2018. Datastream (Mnemonics REITSUK(RI),  FTALLSH (RI), ML£N4G£(RI) & ML£N8W£(RI))  

Repeat sales figures reflect 13 years to June 2018

Big Cities London Rest UK London All UK excl. London
UK Real Estate 

Equities (REITs) Equities
AAA-A 5-15 yr Corp. 

Bonds
5-15yr BBB Corp. 

Bonds
Sortino ratio (Bmk average returns)
June 02 - June 18 0.25 0.44 0.22 0.07 -0.32 0.20 0.10 -0.18 0.31
June 02 - June 09 0.10 0.09 0.14 0.05 0.10 0.33 0.38
June 09 - June 18 0.51 0.49 0.44 0.35 0.26 0.27 0.48 1.27 0.94

Sortino ratio (Bmk > 0% pa)
June 02 - June 18 0.41 0.71 0.41 0.08 -0.34 0.25 0.14 -0.53 1.21
June 02 - June 09 0.15 0.02 0.01 -0.10 -0.56 -1.89 -1.96
June 09 - June 18 1.26 7.86 0.98 2.13 0.36 1.80 5.66 - -

Sortino ratio (Bmk > 4.5% pa)
June 02 - June 18 0.31 0.56 0.28 0.07 -0.30 0.22 0.11 -0.21 0.46
June 02 - June 09 0.12 0.02 0.01 -0.09 -0.44 -0.91 -0.89
June 09 - June 18 0.70 3.00 0.61 1.35 0.28 1.23 2.33 1.34 3.44

Sortino ratio (Bmk > 10 yr gilts)
June 02 - June 18 0.21 0.41 0.17 0.06 -0.23 0.18 0.08 -0.10 0.19
June 02 - June 09 0.08 0.02 0.01 -0.08 -0.32 -0.39 -0.38
June 09 - June 18 0.50 0.77 0.29 1.14 0.21 0.67 0.75 0.47 0.93

Point-to-point yields inflated by income growth Repeat-sales regression
Transaction based measures Other asset classes
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As with the Sharpe ratio calculations, the huge volatility of REIT returns across both sub-period’s 
places that asset class as one of the weakest on a risk adjusted basis, regardless of the 
benchmark used.  

Finally, the ratios for all asset classes were significantly lower where the stated target was to out-
perform the risk-free rate of return as defined and produced by 10-year government bonds. In a 
strange quirk, the repeat sales measure for London performed better than any other category 
here with only two years of substantial under-performance recorded in the period. The sustained 
out-performance of London in respect of these risk-adjusted performance of London relative to 
other property markets will require further research given the demonstrably higher volatility 
produced by the London market in isolation. Determining why this volatility appears to correlate 
with greater volatility in the returns produced by government bonds as reflected in a much lower 
downside deviation calculation represents an interesting challenge. 

The comparison between Sortino ratios calculated in respect of appraisal-based measures and 
transaction-based measures is presented in Table 7.6. The appraisal-based measures fare well 
relative to absolute benchmarks i.e. above 0 or 4.5% per annum. All measures, however, show 
relatively similar levels of performance compared to a benchmark of 10-year gilts, although 
London has established a margin of outperformance in recent years.  

The Big City category consistently delivers a higher level of risk adjusted performance compared 
the appraisal based ‘Rest of UK offices’ category that contains most large cities that constitute 
the Big Cities sample. With perhaps the example of London in the second sub-period being an 
exception, the repeat sales regression measures again reported lower levels of risk adjusted 
performance even having converted the figures to an annualised basis. The range and inherent 
volatility of these price change measures continues to limit their widespread adoption amongst 
researchers and strategists.         
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Table 7.6 Sortino ratios: Comparing transactions and appraisal-based measures  

 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on PropertyData. All figures based up to June 2018. Repeat sales 
figures reflect 13 years to June 2018.: MSCI Quarterly Property Index

Big Cities London Rest UK London All UK excl. London All Property All Std-Offices Ctrl & Inner London Inner SE & Eastern Outer SE & Eastern Rest of UK
Sortino ratio (Bmk average returns)
June 02 - June 18 0.25 0.44 0.22 0.07 -0.32 0.21 0.26 0.37 0.00 0.23 0.02
June 02 - June 09 0.10 0.02 0.01 0.05 -0.03 -0.16 -0.35 -0.11 -0.07
June 09 - June 18 0.51 1.32 0.43 0.83 0.23 1.02 1.32 2.14 0.83 - 0.28

Sortino ratio (Bmk > 0% pa)
June 02 - June 18 0.41 0.71 0.41 0.08 -0.34 0.28 0.35 0.53 0.00 0.32 0.03
June 02 - June 09 0.15 0.02 0.01 0.07 -0.04 -0.19 -0.40 -0.14 -0.10
June 09 - June 18 1.26 7.86 0.98 2.13 0.36 1.25

Sortino ratio (Bmk > 4.5% pa)
June 02 - June 18 0.31 0.56 0.28 0.07 -0.30 0.24 0.29 0.44 0.00 0.26 0.02
June 02 - June 09 0.12 0.02 0.01 0.06 -0.03 -0.16 -0.34 -0.11 -0.08
June 09 - June 18 0.70 3.00 0.61 1.35 0.28 2.99 4.40 21.18 1.90 4.23 0.39

Sortino ratio (Bmk > 10 yr gilts)
June 02 - June 18 0.21 0.41 0.17 0.06 -0.23 0.21 0.27 0.33 0.00 0.18 0.01
June 02 - June 09 0.08 0.02 0.01 0.06 -0.03 -0.12 -0.25 -0.08 -0.06
June 09 - June 18 0.50 0.77 0.29 1.14 0.21 0.50 0.86 3.01 0.52 0.80 0.16

Transaction based measures
Point-to-point yields inflated by income growth Repeat-sales regression

MSCI Appraisal based measures
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This section has drawn from the transactions data created earlier in the thesis and made a start 
on applying this data to ascertain the relative performance of the three defined commercial 
property CUKOs, on a risk adjusted basis. These CUKOs and measures constructed from repeat 
sales regressions have been compared with alternative mainstream asset classes. The analysis 
presented in 7.2 demonstrates, using metrics that did not require an estimate of overall market 
performance and volatility, that the constructed data produced plausible and relevant insights into 
commercial property performance adjusted for risk. It achieved this without suffering from some 
of the restrictions and challenges attached to the use of appraisal-based measures. 

7.3 Correlation and diversification 
A fundamental component of portfolio theory as developed by Markowitz (1952) and expanded 
upon in the development of the CAPM by Sharpe (1964) and Lintner (1965) is that overall 
portfolio risk can be reduced by investing in a range of assets that are not perfectly correlated. 
This essential concept of portfolio theory is that as the number of assets increased, the individual 
asset risk terms had a smaller impact and that the relationship between assets, modelled on their 
statistical co-variances, becomes ever more important in quantifying total portfolio risk. For 
further exploration in this area, Elton et al (2014) and Ross et al (1996) present comprehensive 
coverage of the wider topic.  

There is acknowledgement at this stage, however, that any transactions-based metrics created in 
respect of three office market CUKOs will contain an element of asset specific risk within those 
segment measures. The metrics are based on the market evidence that is available, filtered by a 
number of tests and tested for statistical robustness in order to arrive at a measure that is 
representative of the CUKO the created metric refers to (Chapters 4 and 5). Previous research in 
this area has suggested it is not possible to achieve the removal of asset specific risk without a 
huge amount of investment in a sector. Brown and Matysiak (2000) suggested that 200+ assets 
are required to diversify away 95% of specific risk with a 99% reduction requiring 1000+ assets, 
a level beyond all but the largest investment portfolios. This view was challenged to an extent by 
Callender et al. (2007), who argued that there is no absolute answer to the question of how many 
properties are required to track a specific market.  

This thesis does not seek to quantify asset specific risk nor attempt to explain or identify mis-
pricings within a defined market. It strives to produce an effective representation of specially 
defined CUKO’s of Big Cities, London and the Rest of UK. It does not try and attribute 
performance to specific property characteristics, therefore, descriptions of income quality, lease 
length, prime or secondary, location, are not covered. ‘Asset specific’ factors in terms of this 
research are the prerogative of the fund manager who seeks out mispriced opportunities with the 
main objective to out-perform their peers. Effective attribution of this out-performance should be 
demonstrable on a quantified risk adjusted basis.  

The issue of serial correlation in respect of appraisal-based measures has been discussed in 
detail in Chapters 2 and 6. A further issue arising from the use of appraisal-based measures is 
that segment/CUKO performance has shown a high degree of positive correlation. This has 
already been noted in the discussion contained in Chapter 5 on defining homogenous categories 
of properties - Hamelink (2000) and Jackson and White (2005) - amongst others. A more detailed 
investigation into the dynamics underlying the relationships between the major market segments 
using appraisal data was produced by Hutchinson et al (2012) and Coleman and Leone (2015), 
with the latter paper suggesting that a weaker co-relationship between industrial returns and 
other property sectors could present exploitable opportunities for investors.  

The headline figures contained in Table 7.7 highlight this fundamental issue in respect of the 
main property markets as defined by the standard MSCI regional and property type 
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classification10. This includes the previously outlined office segments. The data covers the period 
from the inception of the Quarterly Index in Q1 2001 to June 2013. Table 7.8 then plots the 
correlation matrix drawn from the annual IPD database. This captures the period spanning 1981-
2017.  

There is strong positive correlation on an almost uniform basis across the period Q1 2001 – Q2 
2018 and in respect of the sub-period of 2001-H2 2009. There is not a single correlation 
coefficient that falls below 0.76 and the median stands at 0.91. The data presented in respect of 
the sub-period of Q3 2009 – Q2 2018 is slightly different in that correlations of as low as 0.50 
have been recorded between segments, although these lower ones inevitably include the South 
East industrial segment which has delivered consistent high performance. Nevertheless, the 
average correlation even for this subperiod remains at 0.78.  

If this data is being used in determining how UK property portfolios should be structured, it is 
essentially stating that diversification as a risk reduction technique does not apply to commercial 
property. This stands against the financial theory already outlined and the widespread market 
practice within the UK of constructing balanced portfolios to spread risk across a wide range of 
property types. These correlations suggest that this policy will not produce tangible benefits. It is 
somewhat hard to reconcile a correlation figure of 0.81 between the tightly defined City of 
London office market and high street shops located outside the South East region, but that is 
what the appraisal-based statistics, the principal ones utilised within the industry, state.  

Within UK offices, the correlations between the defined segments reflected the broader picture 
with the central London markets of City and West End/Mid Town reporting an almost perfect 
correlation of 0.97. For Rest of UK offices, the correlation with the broader South East market 
stood at 0.94 and only slightly smaller figures when compared with the central London markets. 
The message, therefore, in respect of UK offices appears clear in that there are little or no 
benefits to be had from diversifying across the standard geographically based market segments.    
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Table 7.7 MSCI Total return segment correlations: Appraisal based measures 

 

Source: MSCI Quarterly Property Index June 2018 

These statistics have clear implications for setting investment strategy. To check that the issue 
was not related to the study period of 2001-2018, Table 7.8 presents the correlation matrix for 
total returns as measured by the IPD Annual Index over the period 1981-2017.  

 

 

 

 
 
 
 

Q1 2001 - Q2 2018
Std Ret SE Std Rest UK Shop. Ctr. Ret. Whse. Off. City Off. WE & MT Off. Rest SE Off. Rest UK Ind. SE Ind. Rest UK Other

Std Ret SE 1.00
Std Rest UK 0.97 1.00
Shop. Ctr. 0.94 0.93 1.00
Ret. Whse. 0.96 0.97 0.93 1.00
Off. City 0.84 0.76 0.84 0.79 1.00
Off. WE & MT 0.89 0.81 0.88 0.84 0.97 1.00
Off. Rest SE 0.91 0.83 0.87 0.84 0.92 0.94 1.00
Off. Rest UK 0.93 0.91 0.91 0.91 0.86 0.88 0.94 1.00
Ind. SE 0.91 0.86 0.86 0.87 0.86 0.86 0.93 0.94 1.00
Ind. Rest UK 0.94 0.91 0.91 0.90 0.86 0.88 0.95 0.97 0.98 1.00
Other 0.92 0.89 0.93 0.90 0.88 0.90 0.89 0.91 0.91 0.91 1.00

Q1 2001 - Q2 2009
Std Ret SE Std Rest UK Shop. Ctr. Ret. Whse. Off. City Off. WE & MT Off. Rest SE Off. Rest UK Ind. SE Ind. Rest UK Other

Std Ret SE 1.00
Std Rest UK 0.99 1.00
Shop. Ctr. 0.95 0.96 1.00
Ret. Whse. 0.98 0.99 0.96 1.00
Off. City 0.86 0.82 0.86 0.85 1.00
Off. WE & MT 0.88 0.84 0.88 0.86 0.98 1.00
Off. Rest SE 0.94 0.91 0.93 0.92 0.97 0.98 1.00
Off. Rest UK 0.97 0.95 0.95 0.97 0.93 0.93 0.97 1.00
Ind. SE 0.97 0.96 0.97 0.97 0.93 0.93 0.97 0.99 1.00
Ind. Rest UK 0.98 0.97 0.97 0.98 0.91 0.91 0.96 0.99 0.99 1.00
Other 0.93 0.91 0.96 0.93 0.91 0.92 0.94 0.95 0.96 0.94 1.00

Q3 2009 - Q2 2018
Std Ret SE Std Rest UK Shop. Ctr. Ret. Whse. Off. City Off. WE & MT Off. Rest SE Off. Rest UK Ind. SE Ind. Rest UK Other

Std Ret SE 1.00
Std Rest UK 0.94 1.00
Shop. Ctr. 0.90 0.83 1.00
Ret. Whse. 0.92 0.97 0.83 1.00
Off. City 0.78 0.68 0.84 0.67 1.00
Off. WE & MT 0.91 0.81 0.88 0.81 0.88 1.00
Off. Rest SE 0.78 0.67 0.70 0.62 0.73 0.78 1.00
Off. Rest UK 0.81 0.75 0.70 0.72 0.72 0.73 0.91 1.00
Ind. SE 0.68 0.68 0.52 0.65 0.50 0.53 0.78 0.91 1.00
Ind. Rest UK 0.77 0.70 0.63 0.67 0.65 0.68 0.91 0.97 0.95 1.00
Other 0.90 0.89 0.83 0.89 0.72 0.79 0.66 0.78 0.73 0.74 1.00
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Table 7.8 Total return defined segment correlations: Appraisal based measures II 

 

Source: MSCI Annual Property Index December 2017 

The correlation statistics, when considered in isolation, are not of the magnitude presented in 
Table 7.7. Nevertheless, they continued to tell a clear story and suggested that diversification 
across the defined market segments would not produce substantial benefits in terms of lowering 
the risk of the overall portfolio. One of the lowest correlation figures contained within Figure 7.8 
reflected the relationship between City offices and Rest of UK offices. Even this stood at 0.60 
indicating a clear alignment in the scale of investment performance between the two sectors over 
decades.  

The implications resulting from these findings are important. If portfolio strategy is to be based on 
utilising the appraisal-based data as outlined above, analysts would not be able to make a 
substantive case whatsoever for diversifying across property types and geographic boundaries 
despite the clear practical logic for doing so. This also indirectly supports the analysis of 
Henneberry and Mouzakis (2014) who suggested that pricing in markets outside London were 
essentially defined by those same London markets.   

It means that rather than using the appraisal-based data to set broader strategic objectives in 
terms of optimal weights or model portfolios, analysts would be as well concentrating on trying to 
identify individual winners at an asset level. This contradicts a major strand of practical applied 
research that has been produced in the industry since the late 1980s. Jones et al (2015b) 
suggested that institutional portfolios change slowly, reflecting the supply of assets that are 
available at a given time. Over the course of the full study period relating to this paper (1981-
2010), those same institutional portfolios had, in terms of property type, had been transformed 
through the emergence of office parks and out of town retail. Both concepts make the effective 
application of standard portfolio theory difficult.  

The slight lowering of correlation coefficients illustrated in Table 7.8 suggests that over the very 
long term, appraised based measures do pick out some of the long-term structural differences 
between markets. It is also worth hypothesising whether the recent reductions in correlations 
shown in respect of the sub-period Q3 2009 – Q2 2018 indicate that appraisal-based measures 
are starting to capture some of the fundamental differences in investment performance across 
property-types in a manner which they have not done so in previous decades.  

It cannot be denied, however, that the fundamental logic underlying much of modern portfolio 
theory cannot be effectively applied to commercial property if the principal appraisal-based 
measures continue to be the source of data upon which such analysis is based. There are 
additional practical consequences. One of the main questions a benchmarking practices report 
presented by Trevillion et al (2018) investigated related to the tendency of balanced funds to 

1981-2017
Std Ret SE Std Rest UK Shop. Ctr. Ret. Whse. Off. City Off. WE & MT Off. Rest SE Off. Rest UK Ind. SE Ind. Rest UK Other

Std Ret SE 1.00
Std Rest UK 0.90 1.00
Shop. Ctr. 0.91 0.90 1.00
Ret. Whse. 0.79 0.89 0.84 1.00
Off. City 0.83 0.64 0.78 0.58 1.00
Off. WE & MT 0.84 0.65 0.76 0.54 0.92 1.00
Off. Rest SE 0.84 0.72 0.80 0.62 0.79 0.90 1.00
Off. Rest UK 0.75 0.77 0.75 0.66 0.60 0.75 0.88 1.00
Ind. SE 0.82 0.76 0.78 0.68 0.71 0.83 0.92 0.91 1.00
Ind. Rest UK 0.73 0.73 0.70 0.69 0.56 0.72 0.82 0.93 0.94 1.00
Other 0.75 0.66 0.78 0.62 0.73 0.84 0.81 0.71 0.79 0.71 1.00
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align with average benchmark structural weightings. Benchmark weightings in this instance were 
defined as the weighted average proportion of capital value or capital employed across a group 
of peer funds or a cohort of funds that contribute to a defined index. Several respondents 
suggested that they believed many funds did indeed seek to track benchmark weightings. The 
question of why funds would undertake such action is pertinent given there appears little point in 
doing so if the correlations between the defined segments are so high and remain so over 
extended periods of time.   

The obvious question to ask is whether transactions-based measures can produce a more 
effective job in representing the relative differences in performance across defined market 
sectors, in terms of both scale and direction. The correlation coefficients based on total returns 
comparing the CUKOs of Big Cities, London and Rest of UK offices are given in Table 7.9. The 
measures are presented across the full period with total return measures available i.e. June 2001 
– June 2018. The statistics are also presented in respect of the sub periods June 01 – December 
June 2009 and September 2009 – June 2018. The correlation coefficients for discrete six-month 
periods are added to confirm that significant correlations may have been understated through 
greater volatility contained within the quarterly measure. 

Table 7.9 Total return CUKO correlations: Transaction-based measures 
 

 

Source: Transaction based total return estimates: Author’s calculations based on PropertyData filtered by stage 3 
cleaning. 

The figures, in comparison to the appraisal-based measures presented in Table 7.7 and Table 
7.8 are on a completely different scale. The correlation coefficients between the segments are far 
lower. This applies across the full study period, both sub-periods and whether a 3-month or 6-
month statistic is quoted. For the standard quarterly measurement period, the CUKOs displayed 
limited correlation of any sort over the full study period. London showed no correlation with the 
other two UK markets. It did show a slightly stronger relationship over the earlier part of the study 
period, but this was offset by a limited negative relationship occurring over the period 2009-2018.  

Q2 01 - Q2 18

Big Cities London Rest UK Big Cities London Rest UK
Big Cities 1.00 Big Cities 1.00
London 0.08 1.00 London 0.45 1.00
Rest UK 0.30 0.13 1.00 Rest UK 0.44 0.25 1.00

Q2 01 - Q2 18

Big Cities London Rest UK Big Cities London Rest UK
Big Cities 1.00 Big Cities 1.00
London 0.16 1.00 London 0.79 1.00
Rest UK 0.19 0.31 1.00 Rest UK 0.52 0.43 1.00

Q3 09 - Q2 18

Big Cities London Rest UK Big Cities London Rest UK
Big Cities 1.00 Big Cities 1.00
London 0.02 1.00 London 0.14 1.00
Rest UK 0.35 0.02 1.00 Rest UK 0.39 0.06 1.00

Total returns (6 mths)

Total returns (6 mths)

Total returns (6 mths)

Total returns (3 mths)

Total returns (3 mths)

Total returns (3 mths)
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The correlation statistics in respect of total returns calculated over discrete 6-month periods are 
of perhaps greater interest and relevance. The figures produced in relation to the full study period 
suggests correlation coefficients of between 0.25 and 0.45. These indicate a positive, but limited 
relationship between the CUKOs. The relationship between Big Cities and the other two markets 
is consistent across both study periods whilst London had a far stronger relationship with Rest of 
UK markets in the earlier sub-period of 1999-2008. In the second sub-period, there was no 
discernible relationship and this was borne out by the analysis presented in Chapters 6 and 7. 
The initial sub-period would have captured the boom era and crash in the run up to and 
aftermath of the GFC when markets, to substantial degrees, moved in similar directions.  

The six-month measures, in an intuitive sense, make sense as it is reasonable to hypothesise 
that UK office markets contain some fundamental traits in common and markets will move in 
similar directions albeit at differing speeds and with lag effects. Such traits would include 
employment change in business services employment or a general expansion in investment 
demand for UK commercial property. The statistics relating to 6-month total return correlations 
presented in Table 7.9 quantify the extent of this relationship without taking it to the extremes 
contained within the appraisal-based measures. 

Table 7.10 updates the analysis produced in Table 7.9 to incorporate the total return measures 
derived from the repeat-sales technique.  

Table 7.10 Total return CUKO correlations: Transaction-based measures inc. repeat-sales 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on 
PropertyData. All figures based up to June 2018 

Once again, the figures for the measures demonstrate lower levels of correlation for the quarterly 
measures with London displaying weak correlation between the different transaction-based 
measures. This is, however, addressed by investigating the 6=monthly return correlations which 
show much higher levels of correlation between London measures, 0.58 for the full study period 
and 0.42 since Q3 2009. Also worthy of note is the high correlation between the Big Cities yield 
based measure and the repeat sales-based equivalent. The high correlation of the Big Cities 
measure with the London repeat sales measure is impacted by the selection of the cut-off point. 
The correlation between these measures over the period June 2011 to June 2018 falls to 0.55.  

Q1 05 - Q2 18

Big Cities London Rest UK London All UK x Lon Big Cities London Rest UK London All UK x Lon
Big Cities 1.00 Big Cities 1.00
London 0.06 1.00 London 0.48 1.00
Rest UK 0.33 0.18 1.00 Rest UK 0.47 0.33 1.00
London 0.43 0.29 0.39 1.00 London 0.70 0.58 0.19 1.00
All UK x Lon 0.16 0.30 0.03 0.46 1.00 All UK x Lon 0.76 0.50 0.25 0.75 1.00

Q3 09 - Q2 18

Big Cities London Rest UK London All UK x Lon Big Cities London Rest UK London All UK x Lon
Big Cities 1.00 Big Cities 1.00
London 0.02 1.00 London 0.14 1.00
Rest UK 0.35 0.02 1.00 Rest UK 0.39 0.06 1.00
London 0.39 0.09 0.35 1.00 London 0.64 0.42 0.02 1.00
All UK x Lon 0.01 0.25 -0.10 0.28 1.00 All UK x Lon 0.75 0.44 0.16 0.68 1.00

Total returns (3 mths) Total returns (6 mths)

Total returns (6 mths)Total returns (3 mths)
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7.4 Using autocorrelation as a guide to market risk 
One further area for exploration stands in the analysis of the scales of autocorrelation. Whilst the 
analysis presented in Chapter 6 detailed the lower level of correlation produced by transactions-
based measures, the way these metrics change over time is also worthy of exploration.  

The statistics in respect of appraisal-based measures tell a relatively consistent story of high 
autocorrelation across markets that is sustained over long periods of time. Figure 7.3 presents 
the rolling 5-year auto-correlations – the choice of five years reflects a standard institutional 
investment holding period (Gardner and Matysiak, 2005) - of the four detailed standard market 
segments defined by MSCI.  

 

 

Figure 7.4 Total return autocorrelations for appraisal-based measures 
Source: MSCI Quarterly Property Index June 2018 

Chapter 6 outlined the scale of auto-correlation present in appraisal-based measures and some 
of the implications resulting from that fact. Figure 7.3 illustrates a high degree of uniformity in 
autocorrelations, presented on a rolling 5-year basis, in the run up to and immediate aftermath of 
the GFC across the study period. For most of the time, the scale of autocorrelations was high 
and consistent across the defined office market categories. Apart from Rest of UK offices at the 
start of the study period where returns proved somewhat less predictable in terms of movement 
(but within a tight range), total returns were in large part defined by previous returns. The brief 
dip in 2014 that was rapidly reversed can be attributed to the exact quarter of the turning point in 
mid-2009 falling out of the auto-correlation calculation. One caveat, again in respect of UK offices 
and to a lesser degree, the non-central-London offices markets, is a reduction in auto-correlation 
recorded over the most recent period with the five year auto-correlation figure falling to 0.41. This 
decline, to a great degree, reflects the single quarter’s sharp decline in September 2016 in the 
immediate aftermath of the Brexit vote.  There is no further information to be gleaned, from a 
strategic perspective, from analysing this data.  

The story is somewhat different, once again, in respect of the analysis produced by the 
transactions-based measures. An equivalent chart to Figure 7.3 is presented in Figure 7.4. This 
plots the autocorrelation on rolling 5-year quarterly total returns for the three defined CUKO’s and 
two categories defined by repeat-sales regression measures. 
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Figure 7.5 Total return rolling autocorrelations for transaction-based measures 1 

Source: Transaction based total return estimates: Author’s calculations based on PropertyData filtered by stage 3 
cleaning. Repeat sales regressions based on PropertyData.  

There are many differences in comparison to the figures presented in Figure 7.3. There is a far 
greater tendency towards negative correlation where a previous rise in total returns would be 
followed, often, by a fall. Until recently, however, the scale of negative autocorrelation was much 
more modest than the positive correlation demonstrated by appraisal-based measures. A recent 
exception to this rule has proved to be London that displayed an elevated level of negative 
autocorrelation, well beyond anything it has previously recorded, since 2014. The analysis 
produced in Chapter 6 indicated a degree of stationarity had crept into pricing over the latter part 
of the study period across the three defined CUKOs.  The data in Figure 7.4 produces further 
evidence for this. The repeat-sales measures produce slightly lower levels of negative 
autocorrelation.  

A high level of negative autocorrelation in transactions-based metrics has been suggested by 
Fisher et al (2007) and Geltner and Bokhari (2008) to represent a technical flaw in the 
construction of transaction-based measures that are not based on repeat sales. They state that 
repeat sales data is required to limit the noise that would otherwise be attributed to changing 
samples rather than market movements. The scale of the negative autocorrelation shown in 
Figure 7.4, however, in comparison to the positive level demonstrated by appraisal-based 
measures suggests that rise in negative autocorrelation at the end of the study period reflects 
market issues rather than data issues. This is confirmed by the repeat-sales based measures as 
well. In the case of London, the correlation between the two measures of autocorrelation is over 
0.9. The trend towards stationarity has been discussed. This trend could also genuinely reflect 
‘swings and roundabouts’ as the market settles on an average yield for a defined sector, being 
pulled back if it stretches too high or far from what the market defines as a reasonable yield. This 
trend towards stationary levels of pricing is at odds with the common perception of the property 
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cycle (Barras, 1994; Key et al, 1994) that has dominated large portions of the thinking 
underpinning property research for decades.  

An alternative view to the cycle is that pricing can be stable or engaged in prolonged moves in a 
single direction, up or down. The length of time might vary clear buying opportunities are not 
likely to last for extended periods and this chapter has shown that appraisal-based measures 
may mask those very opportunities and catch up only after they have been taken. To reinforce 
the contribution the changing levels of autocorrelation may make to market analysis, the 5-year 
auto-correlation statistics have been recorded in respect of discrete 6-month total return 
measures and are presented in Figure 7.5.  

 

 

Figure 7.6 Total return rolling autocorrelations for transaction-based measures 2 
Source: Transaction based total return estimates: Author’s calculations based on PropertyData filtered by stage 3 
cleaning. Repeat sales regressions based on PropertyData. 

Figure 7.5 shows a high level of positive autocorrelation when markets moved in unison, 
particularly at the height of the GFC in late 2008. They also capture a differential decline in 
autocorrelation which has persisted, across CUKOs, for most of the study period post 2010. This 
includes the measures defined by repeat-sales. Differential performance is captured between 
London, which enjoyed an extended period of positive returns, as highlighted in the modest 
positive correlation between the end of 2009 and 2013 and the other UK markets. Big Cities, as 
noted in Figure 7.1, did not recover to the extent of the other two CUKOs and this is captured in 
the rapid switch to no negative autocorrelation which gradually grew stronger as the decade 
passed. The increase in negative correlation, as already discussed, reflects a convergence 
across the sectors to stationary pricing that is also shown in the quarterly statistics presented in 
Figure 7.4.  

The principal point is that the transactions-based metrics enables analysis which is simply not 
available with appraisal-based measures. Using metrics that exhibit contrasting degrees of 
predictability over extended time periods will enable the formulation of a range of investment 
strategies, structured on absolute bases and targeting relativities between CUKOs.  
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7.5 Implications for investment strategy 

7.5.1 Portfolio diversification 
The implications for portfolio strategy from these results are considerable. The concentration of 
UK commercial property investors has been heavily biased towards London, as discussed in 
detail in Chapter 5. The performance statistics the industry currently uses, based on appraisals, 
effectively passes a judgement that there is nothing inherently wrong in adopting such a strategy. 
The stated performance of non-London office markets is highly correlated with London along with 
other property types. This means that when considering the statistical terms that underpin 
modern portfolio theory, there is no discernible benefit from investing in non-London locations. 
Doing so would not have a material impact upon total portfolio risk. The scale of the high 
correlation across all property types in respect of appraisal-based measures, intuitively, does not 
appear correct and contributes to concerns over the general validity of using such measures.   

The correlations between the defined market segments, in terms of the transactions-based 
measures tell a very different story. The quarterly measures indicate a much lower level of 
correlation between the CUKOs. This would mean diversification across the three defined 
CUKOs would make a major contribution to reducing overall portfolio risk. This also stands as a 
direct challenge to the current implementation of strategy in UK property portfolios and their 
focus on London. Investing in broader UK markets represents a substantial opportunity to reduce 
overall portfolio risk and this critical finding is not captured in the appraisal-based statistics that 
are widely used within the industry at the present time.  

There are also substantial implications for how portfolio analysis is conducted at the present 
time. One of the principal methods that MSCI unpack portfolio performance is through the 
structure score16. This equates to an asset allocation impact on overall portfolio performance, 
essentially allocating a higher score to over-weight positions in markets or defined segments 
which out-perform the broad market average and a similar ‘award’ where a portfolio has been 
under-weight in an under-performing segment. There is no place, in this type of analysis for 
unpacking the risk incurred in taking a specific position i.e. there is no place in the calculation for 
determining the risk of a position taken when calculating a structure score. Where markets all, 
essentially, move in a similar direction, this is not such an issue. The implementation of a 
diversification strategy targeting the lower level of correlation indicated by transactions-based 
measures would not be captured by the existing method of attribution as determined by the 
structure score. The scale of autocorrelation, non-normality and correlation across markets 
inherent in appraisal-based measures also renders risk analysis using measures such as 
tracking error far less effective. 

7.5.2 Portfolio optimisation 
Taking the arguments already made in this chapter on another level, the transaction-based 
measures can be used to estimate optimal portfolio weightings utilising traditional portfolio theory 
as pioneered by Markowitz (1953). A direct comparison can be made with the result produced by 
traditional appraisal-based measures that have, to date, been seen as producing property 
weightings that were too high and did not reflect the true risk of investing in the asset class. The 
reasons for this have already been discussed in Chapter 2.  

It should be noted, however, that this optimisation analysis is at an early stage. There are no real 
estate performance measures calculated for the market as a whole or even the office market. 
This represents a natural extension of the work in the future. The London office market is 

 
16 As defined in page 19 via 
https://www.msci.com/documents/1296102/1378010/Indexes+and+Benchmark+Methodology+Guide.pdf/bfb
d2637-581d-411e-bd5f-34d0d2b6b9c1 
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selected as a proxy for the broader market as a whole and compared with equities, The study 
period represents an issue in that the London office market, whatever measure is used, delivers 
a higher total return than equities, REITs, gilts, and investment grade bonds dated 5-15 years 
representing rating categories of AAA-A and BBB. This is a reasonable statement given the scale 
of the sustained recovery in performance since the GFC and the fact that over the period from 
March 2001, operating incomes on the Central and Inner London offices, as recorded by MSCI, 
have increased by over 50%, placing the asset class at a , demonstrable advantage relative to 
fixed income. In addition, this analysis is limited to the UK asset markets and does not take into 
consideration the global opportunities across fixed income and equity markets that are available 
to investors in the real world. 

The proxy for property is therefore likely to overestimate the optimal weighting as it does not 
contain trends like the systemic decline in retail high street values resulting from the growth of 
online shopping. Nevertheless, the quantification of optimal portfolios enables the exploration of 
the relativities between the different property measures i.e. the MSCI appraisal-based figures 
and measures based on transactions, both yields plus income growth or repeat sales 
regressions.  

The tool used to produce estimates of portfolio weights is a software package titled Analytic 
Solver with is operated by the corporation Frontline Solvers under the ownership of Frontline 
Systems Incorporated (www.solver.com). The package optimises portfolios and creates efficient 
frontiers operating wholly within the wider Microsoft Excel package. The author has experience of 
calculating optimal portfolios through various iterations of the Analytic Solver package. The data 
for alternative asset classes is reflects the same data sourced from Datastream that was used in 
the various risk measure calculations made earlier in this chapter.  

The optimisation calculations were run on several different time periods. The MSCI analysis 
covers March 2001 to June 2018, the yield-based measure extends over June 2001 – June 2018 
and the repeat-sales regression based measure extends over the period March 2005 – June 
2018. Comparable figures for March 2005 – June 2018 are produced for the MSCI and yield 
based measures. There is also modelling carried out over the period from March 2010 to 
estimate the portfolio weights after the immediate aftermath of the GFC and immediate bounce 
back has been eliminated in order to try and determine stable relationships between the asset 
classes. Of course, the assumption that past returns directly mirror previous returns is a big 
assumption and will not necessarily reflect the outcome. Nevertheless, it remains a standard 
benchmark figure that is employed when utilising this methodology. This is another reason as to 
why a few sub-time periods are presented, to lend weight to any conclusions drawn in that they 
do not rely on the outcome of a single study period.     

The modelling is based on achieving a defined quarterly return with the minimum level of risk. 
One further element of the analysis is to use a ‘free-for all’ with no restrictions on any asset class  
model and a constrained model which sought to put some boundaries on the levels of investment 
across asset classes.  
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Table 7.11 Asset class allocations for constrained portfolios 

 

The figures contained in Table 7.11 should be a starting point that approaches previous 
limits/boundaries applied by multi-asset investors. The categories are general with no further 
segmentation of the gilt (government bond) or equity markets for example. Again, they should be 
seen in the context of how the property allocations change due to the measure being employed 
rather than the figures themselves.   

The suggested weighting for optimising portfolio performance is presented in Table 7.12. 

Table 7.12 Unconstrained portfolio weightings and standard deviations for a target return 
  

  

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on 
PropertyData. Datastream (Mnemonics BMUK10Y(RI), FTALLSH(RI), REITSUK(RI), ML£N4G£(RI) & ML£N8W£(RI))  

The unconstrained portfolio figures are of limited use given they do not reflect the position faced 
by multi-asset class investors. Whilst tactical adjustments to portfolio weightings can be made 
through use of options, other derivatives and short selling, the structure of the market ensures 
they are likely to retain holdings in government bonds and the equity markets, It is of some 

Minimum Maximum
Gilts 10% 30%

Equities 20% 40%
REITs N/A N/A

AAA-A Bonds 5% 20%
BBB Bonds 5% 20%

London offices 10% 40%

London office standard deviations and weightings refect MSCI appraisal-based figures
Target return qtr. Portfolio std. dev. Gilts Equities REITs AAA-A Bonds BBB Bonds London offices

Mar 01-Jun 18 1.75% 1.92% 53.16% 10.36% 0.00% 4.57% 0.00% 31.91%
0.25% 2.03% 0.00% 0.00% 0.00% 0.00% 56.41% 43.59%

Mar 05-Jun 18 1.75% 2.08% 56.16% 13.13% 0.00% 0.89% 0.00% 29.81%
2.25% 2.18% 46.83% 10.89% 0.00% 0.00% 0.00% 42.28%

Mar 10-Jun 18 2.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00%
2.25% 0.00% 0.00% 0.00% 0.00% 0.00% 84.47% 15.53%
2.50% 0.49% 0.00% 0.00% 0.00% 0.00% 65.43% 34.57%
2.75% 0.99% 0.00% 0.00% 0.00% 0.00% 46.38% 53.62%

London office standard deviations and weightings reflect transaction yield and operating income growth
Target return qtr. Portfolio std. dev. Gilts Equities REITs AAA-A Bonds BBB Bonds London offices

Jun 01-Jun 18 1.75% 2.54% 26.86% 0.00% 0.00% 0.00% 61.64% 11.50%
0.25% 3.42% 0.00% 0.00% 0.00% 0.00% 61.67% 38.33%

Mar 05-Jun 18 1.75% 2.82% 34.77% 0.24% 0.00% 0.00% 55.01% 9.98%
2.25% 3.30% 42.41% 29.78% 0.00% 0.00% 0.63% 27.18%

Mar 10-Jun 18 2.00% 2.26% 31.66% 12.63% 1.21% 0.00% 47.56% 6.93%
2.25% 2.61% 5.55% 9.39% 0.00% 0.00% 65.68% 19.38%
2.50% 3.34% 0.00% 15.28% 0.00% 0.00% 45.95% 38.77%
2.75% 4.47% 0.00% 23.85% 0.00% 0.00% 16.07% 60.09%

London office standard deviations and weightings reflect transaction repeat sales regression method
Target return qtr. Portfolio std. dev. Gilts Equities REITs AAA-A Bonds BBB Bonds London offices

Mar 05-Jun 18 1.75% 2.49% 68.71% 27.31% 0.00% 0.00% 0.00% 3.98%
2.25% 3.03% 52.05% 29.99% 0.00% 0.00% 0.65% 17.31%

Mar 10-Jun 18 2.00% 0.35% 0.00% 0.00% 0.00% 0.00% 99.33% 0.67%
2.25% 1.17% 0.00% 0.00% 0.00% 0.00% 88.63% 11.37%
2.50% 2.57% 0.00% 5.62% 2.62% 0.00% 67.80% 23.95%
2.75% 3.82% 0.00% 16.38% 9.71% 0.00% 39.04% 34.87%

Unconstrained portfolio standard deviations and suggested weightings
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interest that corporate bonds and London offices, whatever the measure, in combination, form 
the vast majority of optimised portfolios seeking a higher level of return. Nevertheless, no further 
mention is made of the unconstrained portfolio for the reasons mentioned.  

The comparable figures to Table 7.12 for portfolios with the constraints outlined in Table 7.11 
imposed are presented in Table 7.13.  

Table 7.13 Constrained portfolio weightings and standard deviations for a target return 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on 
PropertyData. Datastream (Mnemonics BMUK10Y(RI), FTALLSH(RI), REITSUK(RI), ML£N4G£(RI) & ML£N8W£(RI))  

The purpose behind this analysis is to determine how the measure chosen for London offices 
impacts upon the weighting allocated to London offices in the wider investment portfolio. It is 
interesting, however, to note that the figures from 2001 and 2005 indicate a maximum allocation 
in gilts and a minimum, or at best modest, allocation to equities reflecting the relative 
performance of both markets over the full period, indicating, as suggested earlier in this chapter, 
that we have passed through a period in asset markets where traditional risk/return relationship 
has faltered. The figures from 2010, however, indicate that the traditional relationship of equities 
offering higher levels of return for higher risk has been restored.  

For London offices, the proxy for commercial property despite all the caveats stated, the measure 
selected has a clear impact upon the weighting suggested for the multi-asset portfolio. Within the 
constraints of a minimum of 10% and a maximum of 40%, a level far more than what is held in multi-

London office standard deviations and weightings refect MSCI appraisal-based figures
Target return qtr. Portfolio std. dev. Gilts Equities REITs AAA-A Bonds BBB Bonds London offices

Mar 01-Jun 18 1.75% 2.33% 30.00% 20.00% 0.00% 15.56% 5.00% 29.44%
2.00% 4.25% 10.00% 20.00% 19.52% 5.00% 5.48% 40.00%

Mar 05-Jun 18 1.75% 2.49% 30.00% 20.00% 0.00% 16.05% 5.00% 28.95%
2.00% 2.53% 30.00% 20.00% 0.00% 7.88% 5.00% 37.12%

Mar 10-Jun 18 2.00% 1.56% 25.91% 20.00% 0.00% 5.00% 9.09% 40.00%
2.25% 1.56% 25.91% 20.00% 0.00% 5.00% 9.09% 40.00%
2.50% 1.57% 20.87% 20.00% 0.00% 5.00% 14.13% 40.00%
2.75% N/A N/A N/A N/A N/A N/A N/A

London office standard deviations and weightings reflect transaction yield and operating income growth
Target return qtr. Portfolio std. dev. Gilts Equities REITs AAA-A Bonds BBB Bonds London offices

Jun 01-Jun 18 1.75% 2.90% 30.00% 20.00% 0.00% 11.23% 20.00% 18.77%
2.00% 4.23% 10.00% 20.00% 6.70% 5.00% 18.30% 40.00%

Mar 05-Jun 18 1.75% 3.00% 30.00% 20.00% 0.00% 19.73% 19.63% 10.64%
2.00% 3.49% 29.96% 24.76% 0.00% 5.00% 11.40% 28.88%

Mar 10-Jun 18 2.00% 2.40% 30.00% 20.00% 2.26% 17.30% 20.00% 10.44%
2.25% 2.84% 23.88% 25.21% 0.00% 5.00% 20.00% 25.91%
2.50% 3.69% 10.00% 31.72% 3.66% 5.00% 9.62% 40.00%
2.75% N/A N/A N/A N/A N/A N/A N/A

London office standard deviations and weightings reflect transaction repeat sales regression method
Target return qtr. Portfolio std. dev. Gilts Equities REITs AAA-A Bonds BBB Bonds London offices

Mar 05-Jun 18 1.75% 2.99% 30.00% 20.00% 0.00% 20.00% 20.00% 10.00%
2.00% 3.33% 30.00% 24.97% 0.00% 7.48% 20.00% 17.55%

Mar 10-Jun 18 2.00% 2.23% 30.00% 20.00% 2.05% 17.95% 20.00% 10.00%
2.25% 2.23% 30.00% 20.00% 2.05% 17.95% 20.00% 10.00%
2.50% 3.16% 14.69% 24.37% 11.32% 5.00% 20.00% 24.62%
2.75% 4.13% 10.00% 24.00% 14.68% 5.00% 9.68% 36.63%

Constrained portfolio standard deviations and suggested weightings
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asset portfolios just now. When applying the MSCI data, a high weighting is suggested regardless of 
whether the fundamental portfolio objective is of minimising risk or maximising return. Over the 
longer periods of 2001-18 or 2005-2018, the minimum risk portfolios incorporate 29% of London 
offices. Along with gilts and the highest rated corporate bonds, this accounts for most of the 
investment portfolio, allowing for minimum holdings in other categories. When the portfolio 
objective moves towards a higher level of return, the MSCI data indicates that weightings should 
move towards the upper limit very quickly, increasing quicker and to a much greater extent than the 
suggested weightings in equities. The results using the MSCI from 2010 onwards is unequivocal. The 
maximum weighting of 40% is applied to every risk/return portfolio trade-off. This suggests that 
whatever the overall portfolio objective is, the investor should hold the absolute maximum holding 
of real estate permitted. This confirms the findings presented in Table 2.1 that the flattering of risk 
adjusted investment performance of commercial property from using appraisal-based measures 
continues up to this day. The weightings applied to London offices in the multi-asset portfolio are 
illustrated in Figure 7.6.  

 

Figure 7.6 London office weightings by method of measurement: March 2010 – June 2018 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on 
PropertyData. Datastream (Mnemonics BMUK10Y(RI), FTALLSH(RI), REITSUK(RI), ML£N4G£(RI) & ML£N8W£(RI)) 

Figure 6 confirms the universal maximum holding of 40% for the MSCI method, regardless of the 
required portfolio return. The transaction-based measures show a more normal risk/return trade-
off with higher weightings, related to higher returns and the equivalent increase in risk. The chart 
also confirms the higher weightings applied in respect of the yield method when compared with 
the RSR method.  

The representation of the risk/return trade-off is illustrated with great clarity in Figure 7.7. This 
plots the efficient frontiers of the optimised constrained multi-asset portfolios over the period 
March 2010 – June 2018.   
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Figure 7.7 Efficient frontiers, multi-asset constrained portfolios March 2010 – June 2018 
Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning. Repeat sales regressions based on 
PropertyData. Datastream (Mnemonics BMUK10Y(RI), FTALLSH(RI), REITSUK(RI), ML£N4G£(RI) & ML£N8W£(RI)) 

Figure 7.7 confirms the extent of the lower volatility related to the appraisal-based measures. The 
situation with transaction-based measures is different. Taking the yield figures first, there is a 
clear trade-off between the portfolio objectives of minimising risk/maximising return and the 
weight applicable to London offices. The minimum variance portfolios contain a modest amount 
of London offices as the portfolio is dominated by fixed income, both government and corporate 
issues. As the desired return increases, the weighting for London offices rises, reflecting the out-
performance of London offices compared to the major asset classes over the study period. This 
was achieved with a slightly higher level of volatility. Since 2010, the quarterly volatility produced 
by the yield-based measure was 6.8%, higher than the 5.8% produced by equities, but reflecting 
a reasonable risk/return trade-off that is reflected in the weighting figures.  

The transaction-based figures produced by the repeat-sales regression model take another path. 
The weightings remain at the minimum level for the lowest risk portfolios and increase at a far 
slower rate than in comparison to the yield-based measures. This reflects the inherently higher 
level of volatility that has been mentioned previously. For the higher return portfolios, a smaller 
weighting is allocated to London offices and higher weightings for equities and REITs than in 
comparison to the other two measures. This also reflects the scale of volatility in respect of the 
repeat-sales regression measure.  

However, the figures presented in Figure 7.7 suggest that the portfolio using the repeat sales 
methodology produces a lower level of total risk than compared with the yield-based method. 
This does not make sense intuitively, given the higher level of volatility associated with the RSR 
measure. It is the view of the author that the repeat sales data contains some correlations that 
lower the overall portfolio risk which do not reflect the true relationships between asset classes. 
For example, within the constraints already shown, the RSR method for London offices shows a 
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correlation of -0.129 with REITs over the period March 2010 – June 2018. Given that the REIT 
index will be heavily influenced by the likes of Land Securities, British Land and Derwent London, 
who, along with others, hold major holdings in central London office markets, the idea of a low, 
negative correlation between these markets does not make sense. The comparable figure for the 
yield measure over the period is 0.307 which is much more logical. The yield measure also 
displays substantial correlation with corporate bonds that, given the recovery in markets after the 
GFC also makes sense. To confirm that this is not an issue with the post GFC period, the RSR 
method shows a correlation with REITs over the period March 2005 – June 2018 of 0.209. The 
comparable figure for the yield measure was 0.444. A check of the inputs into the correlation 
figures between the RSR London offices and REITs could not pin down the correlation issue to 
specific data inputs so this means the overall optimised portfolio figures produced by the RSR 
method need to be qualified and interpreted with great care.  

This section started to incorporate the data derived from transaction-based measures and 
integrate that data explicitly into suggested weightings using modern portfolio theory. The use of 
appraisal-based measures continues to overstate how much should be placed into the asset 
class given the low levels of volatility associated with that measure. The yield-based measure 
starts to present a more realistic risk return trade-off. The repeat sales measure is largely 
excluded from low/moderate risk portfolios due to its much higher level of volatility than the other 
two measures. Its contribution to the overall portfolio, however, needs further exploration given 
the impact of some unlikely correlations with other asset classes.  

This should be a first step of how transactions-based data can contribute to setting broader 
investment strategies and further work is required, particularly in setting a full market figure for 
the asset class. The initial results, particularly in respect of the yield-based transaction measures, 
are very encouraging.   

7.6 Conclusions 
This chapter has made an initial step into how the measures constructed from transactions yields 
could be applied to conducting risk analysis and portfolio optimisation in respect of the UK office 
market. It is acknowledged that this represents an early foray into this area of analysis and 
further work is required, particularly in creating data across a wider range of submarkets that will 
enable the creation of an investable market wide metric that can be used as a benchmark. This 
will enable a far wider range of analytical techniques to be deployed in the quantification of the 
risk/return trade-off in commercial property markets.  

Nevertheless, this chapter has demonstrated that transactions-based metrics have something to 
offer in the arena of risk analysis, even at this early stage. The greater volatility in transactions-
based metrics unmasked, particularly in relation to non-London markets, a period when investors 
were taking advantage of some of the attractive prices available in the early 2010s. The widely 
used appraisal-based measures, by contrast, showed a steady decline in values over a period of 
years. It is a contention of the thesis that the story portrayed in the transactions-based measures 
is far more representative of the market. 

The analysis of a number of established ratios used to quantify risk demonstrated that the 
estimated returns produced from transaction yields were able to be converted into plausible and 
relevant measures of risk, particularly when comparing commercial property with alternative 
asset classes.  

The huge level of positive correlation across property types and geographic regions that has 
been shown to be an intrinsic issue with appraisal-based measures was contrasted with 
transactions-based measures. The transactions-based measures contain a far lower and more 



267 
 

plausible level of correlation which make a far stronger case for the diversification of portfolios. 
The changing nature of autocorrelations, in terms of sign and scale across defined sectors opens 
avenues for exploring the market that simply do not exist with appraisal-based measures. 

Finally, the use of transaction-based measures in portfolio theory was explored in respect of 
central London offices. This section showed how appraisal based measures flatter the weighting 
afforded to commercial property through low volatility whilst transactions based measures, 
particularly those based on transaction yields, can start to produce a result that make greater 
sense in the role that could/should be played by property in a multi-asset portfolio. It is accepted 
that this analysis remains at a preliminary stage.  
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Chapter 8 Conclusions and further research agenda 
 

8.1 Introduction 
This chapter summarises the rationale, objectives, literature reviewed, research and findings that 
have been discussed throughout the previous seven chapters. It summarises each of the 
chapters, in turn, and details how the research objectives and research questions outlined in 
Chapter 3 have been addressed and answered. The chapter then summarises conclusions form 
the research with particular emphasis given to the definition of CUKOs and the creation of 
metrics and variables that have been constructed directly from real estate transaction yields. 
These measures are then compared with price change measures created from the repeat-sales 
regression technique that remains at the forefront of the practical application of transaction based 
measures at the present time There then follows an exploration of some of the practical 
applications of the measures. That is followed by a brief analysis of some of the shortcomings of 
the study before noting some of the potential extensions of the research produced in this thesis. 
The chapter concludes with a summary of the contribution to existing knowledge and research 
that this thesis has made.  

8.2 Review: Motivation, literature review and research design 
Chapter 1 starts by discussing the motivation behind the research conducted in this thesis 
highlighting some major issues that continue to place commercial property at a disadvantage in 
comparison to other asset classes. It outlines the broader aim of creating a database, based 
entirely on recorded transactions, with the target of assisting real estate in presenting a stronger 
evidence-based case relative to mainstream asset classes. The main objective was to create a 
valuable tool for research analysts who specialise in commercial property. One of the premises 
behind the research design of this thesis was to take some of the common research practices 
and analytical techniques employed within the industry and subject them to the scrutiny provided 
by academic reasoning and challenge. In addition, the database was to be constructed on a 
straightforward, simple basis in terms of the underlying data and in the processes employed to 
convert that data into a useful and effective resource.  
 
A thorough review of literature relating to several topics directly relevant to the thesis was 
conducted with the findings presented in Chapter 2. The review explored a range of topics 
relating to the challenges faced by property investment analysts, with particular reference to the 
UK market, in utilising traditional appraisal-based measures. The literature review also 
investigated the previous development of transactions-based measures that has occurred to 
date.  

Another challenge the thesis sought to address was to align the analysis of commercial property 
more directly with mainstream asset classes. The solution taken was to utilise initial yields as 
these more closely mirrored the pricing as defined by coupon payments and dividends.  
 
Chapter 2 contained a literature review that discussed the research carried out in respect of 
appraisal-based measures, principally in respect of the UK market and how the practical 
application of such measures was not always satisfactory. There then followed an exploration of 
the development of the alternative transactions-based measures. The repeat sales technique for 
transactions-based measures has evolved into the commercial property price indices now 
operated by RCA. These are now available but principally on a private subscription basis. There 
was also a discussion of the limited academic research conducted in respect of applying 
transaction-based measures in the UK market, with reference made to Devaney and Diaz (2011) 
and Chegut et al (2015) in particular.  
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The literature review demonstrates that the creation of transactions-based measures settled, in 
the main, on using a repeat sales methodology for index construction. This, however, presented 
challenges. The reliance on repeat sales dramatically reduces the number of transactions that 
can be incorporated from the underlying data. With various forms of filtration applied, the number 
would be reduced even further. This runs the risk of leaving all but the very largest markets 
without relevant metrics. The definition of a repeat sales also brought about a degree of 
subjectivity to the measure as well.  It was also noted that some of the research suggested that 
UK appraisal-based measures might not suffer the challenges found in respect of the USA given 
the greater homogeneity of the assets within the UK. Whilst acknowledging some of the issues 
behind repeat-sales measures, this technique was employed in the calculation of price change 
measures in Chapter’s 5 and 6.  
 
This was the background which led to the development of the methodology employed in respect 
of this thesis. The aims and objectives of the research including an explanation of the research 
design and detailing specific research questions were presented in Chapter 3. The research 
design settled upon reflected an alternative approach to measuring property investment 
performance. This was structured in a manner could be compared with repeat-sales regression 
based measures and appraisal-based measures . Transactions data was sourced from 
PropertyData. This covered investment transactions across the period between January 1999 
and June 2018.  Investment transactions capturing a wider range of investors including 
institutional and other types were used to determine whether point to point measures based on 
different, but similar, properties could be employed to provide substantive market statistics. This 
took on the issue that transactions-based measures have always suffered in terms of commercial 
property in that a different proportion of the market, based on different assets traded in each 
measurement period would provide too much random error to produce a clean measure.  
 
The approach adopted was set out in the following terms. The transactions-based analysis was 
developed based on market segments, labelled ‘Category of UK Offices’ or CUKO’s, that were 
defined in a rational and plausible manner. The next stage involved the application of relevant 
and limited filtration procedures to prevent extreme transactions distorting the average yield 
metric. The average measures resulting from this process are then tested statistically to see if 
they are realistic and could be utilised in common professional practice. 
 
This would discover whether the use of transaction (initial) yields in quarters could produce 
reliable or relevant metrics. If they could, this would help produce more effective measures for 
researchers and strategists investigating the UK commercial property market. It would achieve 
this by direct comparison with full repeat sales-based samples and addressing some of the 
issues that continue to effect appraisal-based measures.  
 

8.3 Summary of Research Conclusions 

8.3.1 Defining CUKOs 
Chapter 4 outlined the first step in the process by defining three separate CUKOs. This chapter 
contained a detailed exploration of current industry practice in terms of how categories in the UK 
office market, to date, have been defined. The thesis had the objective of testing and, wherever 
possible, improving upon those definitions. It noted the limited investment in certain 
geographically defined markets by UK institutions and the larger property companies. This 
continues to present major challenges to the definitions used in the appraisal-based metrics 
produced by MSCI as the principal sources of data represent those same organisations. The use 
of transactions-based measures could therefore produce a more effective, representative 
measure of markets, particularly outside London.  
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In terms of the definition of CUKOs, the intention was to define logical categories of transactions 
that could, over the course of the study period, produce aggregated data sufficient to generate 
effective measures. There was the expectation that appropriate definition of markets would, over 
the full study period, produce pricing levels that were statistically different from each other, 
reflecting underlying characteristics. The first market to be assessed was London. This market, 
far and away the largest in the UK and representing one of a handful of truly global city office 
markets, has long been divided up into a few separate markets. These have been defined as 
City, West End, Mid-Town, Canary, Wharf, Outer-London, etc. In alignment with Chegut et al 
(2013), it was decided to produce a single London wide transactions-based measure. 

The justification for this decision was based on the fundamental transformation of the central 
London markets that has been experienced over the last two decades. These changes included 
the extension of previously fringe areas to mainstream locations such as the Southbank and 
Kings Cross. There was also the targeting of markets by a wider range of tenant types. The old 
split of finance and insurance in the City and creative/professional services based in the West 
End no longer applies. The blurring of the difference in the scale and price of the properties 
contained within the individual segments to such an extent limits the value derived from 
classifying them as separate markets.  

In terms of markets outside London, the long-term industry practice of generating separate 
metrics for properties contained within the South East and East England (SE & EE) definition 
was investigated. The combination of markets reaching from Cambridge, to Basingstoke, to 
Southampton to Reading into a single entity has always appeared somewhat haphazard. Figure 
4.13 illustrated that the average lot size of properties traded within the designated SE & EE 
market was very similar to the wider UK (excluding London) over the period. There was therefore 
no demonstrable reason in terms of the size or price, as illustrated in Figure 4.14. Therefore, 
there was no overriding reason as to why the broad geographic categorisation of a separate SE 
& EE would produce an effective metric. The decision made, therefore was to combine non-
London assets and make any further delineations at that point.  

Non-London office markets have often been treated on a hierarchical or tiered basis. Major city 
office markets were assumed to provide more depth and liquidity to investors and this, it was 
assumed, would have an impact on price. Research undertaken by the major commercial 
property agencies was analysed to determine how that hierarchy is defined at the present time. 
The decision was made to incorporate the top eleven city markets outside London into one 
CUKO. The remaining assets would be considered under a catch-all ‘Rest of UK’ categorisation. 
The decision to include more cities than would be contained in a ‘Big 6’ or ‘Big 7’ type measure 
reflected both the desire to maximise the sample size for a defined big city market and reflect the 
analysis produced by Dunse et al (2007) who indicated that there was no permanent hierarchy in 
the yield ranking of the major non-London UK office markets. The illustration produced in Figure 
4.15 shows the definition of the three categorisations produced a reasonable breakdown of 
individual transactions over the study period. London accounted for, on average, 44% of 
individual transactions compared to 21% for Big Cities and 35% the remaining Rest of UK.     

8.3.2 Creating CUKO yields and risk premium measures 
Having defined the CUKOs, the next stage was to calculate weighted measures at the CUKO 
level. The principal measure was the weighted initial yield. Filtration procedures were enacted at 
this stage of database construction.  

Stage 1 filtration involved the removal of data that did not contain a yield measure. Principal 
reasons for the lack of a yield included confidentiality and the lack of an income generating lease. 
This left an overall sample of 9437 assets with a cumulative price of £246.2bn. Stage 2 filtration 
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included the removal of portfolio deals. Yields in these transactions could not be applied to 
individual properties. This reduced the sample by 385 assets and £24.37bn,  

The next intervention was undertaken to prevent extreme yields from distorting the calculation of 
weighted averages. Filtration limited low individual yields reducing and high individual yields 
boosting the final weighted measure. A straightforward solution of removing the bottom 1% and 
top 3% of yields was enacted. This reduced the total sample by 385 assets and a total of 
£3.38bn, indicating that many of the extreme yields removed were in respect of small transaction 
prices.  

The final stage of filtration reflected a check for dominance, the intention being to ensure that the 
weighted yield figure did not represent a small handful of assets with large, low yielding assets 
distorting the final measure. To address this issue, the largest 10% of transactions prices were 
removed from both the Big City and Rest of UK calculations. In London, the filter stood at 20% 
given the substantial number of larger transactions. This reduced a sample size of 40 to 32 
assets over any given quarter. This reduced the final sample to 7373 assets valued at a total of 
£82bn. A further consideration was the issue of the largest assets being available to a small 
group of potential buyers.  

The remaining sample was then used to derive weighted average figures for the property 
transaction yield and the risk premium, calculated on both nominal and real bases, for the three 
CUKOs. In order to calculate the risk premium, the yield of the 10-year government bond yield at 
the month end of purchase – index linked gilt in respect of a real measure – was subtracted from 
the transaction yield after stage 2 filtration in order to create two risk premium variables at an 
individual property level. These were then weighted in accordance with the stage 3 filtration 
process to derive measures at a CUKO level. The headline measures are presented in Tables 
4.10 – 4:15. 

One of the principal challenges of constructing transaction-based measures was the issue that 
the full market is not traded over a given measurement period. This issue can be exacerbated if 
the sample of properties that are traded does not reflect the market they are intended to 
represent. The data construction process referred to above also included a stipulation that the 
sample filtered through all three stages should contain, at a minimum, 10 transactions per 
quarter. In respect of the Big City market classification, this threshold was not achieved on 7 
occasions, principally in the aftermath of the GFC and in 2012-13 when non-London offices were 
out of favour. This was less of an issue for the other two segments with Rest of UK markets 
failing to meet the threshold just once (Q3 2009). 

Limited transaction evidence across a quarter will produce a challenge for whatever property 
metric is calculated and used. For appraisal-based measures, the information available to adjust 
values is extremely limited and the tendency to maintain previous levels or, to all intents and 
purposes, guess, is substantial. In the application of repeat sales-based measures, the measures 
will be defined by an even smaller group of transactions that cannot be more representative of 
the market over the quarter in question. The method will then ‘backfill’ and adjust the stated 
figure as future repeat sales measures are integrated into the regression equation. This method 
would not provide effective and representative metrics of the market at the time they were most 
required.  

The solution utilised in respect of this thesis was to take the limited information available and use 
it transparently, determining whether a weighted measure, median or unweighted average 
statistic would be most effective. This enabled the construction of point-to-point measures but 
periods with low sample sizes need to be treated with greater caution.  



273 
 

Further questions that can be posed include, ‘is the market trading quality assets held by a range 
of investors who have to sell at a particular time?’ or ‘does it reflect experienced investors selling 
weaker assets as demand is far outstripping supply?’ Either situation outlined here represents a 
plausible explanation on why investment activity might be limited in a measurement period. The 
judgement of the analyst is of paramount importance in such times. Over-reliance on established 
measures that are also impacted upon directly by limited activity do not solve the problem, even 
if many investment professionals in the industry find it easier.  

One final theoretical test of the data underpinning the creation of transaction-based measures 
concerned the change in lot size over time. In the case of London, there was a marked rise in the 
scale of the average transaction price recorded over the study period, even when adjusted for 
price growth. The relationship between individual transaction yields and transaction price was 
also more pronounced in London with higher prices often reflecting lower yields. This was less of 
an issue in the non-London markets, although the low yields occurring when sample sizes were 
at their smallest in Big City yields must be considered when explaining the overall movement of 
yields.  

One final sense check of the yield figures was to determine whether they captured market trends 
over the study period. Without any deeper analysis, the data in Figure 6.1 showed: - 

 A higher level of volatility in comparison to traditional appraisal-based measures  
 A narrowing margin in yield between London and other UK markets in the early 2000s 
 A rapid decline in yields across markets, reflecting rising prices, over 2004-2007 
 An even sharper increase in late 2007/early 2008 across markets as the property market, 

crashed in the wake of the GFC 
 As prices started to recover post GFC, London did so at a far quicker rate than other UK 

markets. A considerable gap in pricing between London and alternative markets emerged 

All these findings concurred with contemporaneous market outcomes indicating that the point-to-
point measures, considered on a headline basis, achieved the core objective of producing 
representative metrics. This was further supported by Big City markets maintaining a premium 
over the Rest of UK market, as the logic outlined in Chapter 4 hypothesised. It was also notable 
that Big City and UK markets started to record price increases/falling yields from 2014. This 
improvement in pricing, however, did not in the result of margins relative to London being 
squeezed to the extent that had happened during the immediate run up to the GFC.  

8.3.3 Statistical properties of measures  
After calculating the headline yield measures, the statistical properties of those measures were 
explored in detail. The first property tested was the normality of the distribution of the weighted 
yield measures at a market segment level. Commercial property has long suffered, relative to 
other asset classes, from the statistical properties of the performance measures created from 
appraisals. This was covered in detail in Young et al (2006). If the new transactions-based 
measures that formed the basis of performance measures were normally distributed, the 
likelihood of normally distributed performance measures would follow. 

One statistical test used considered the unweighted asset yields, filtered to Stage 3 cleaning, that 
formed the basis of the weighted average figures at CUKO level. The figures illustrated in 
Appendix 2 state that for Big Cities and Rest of UK markets, the Shapiro-Wilk test for normality at 
the 5% level was passed on 85% of quarters and 83% of quarters - 66 and 65 out of the 78 - 
respectively. This finding boosted confidence that in many cases, the raw inputs displayed a 
marked tendency towards a symmetrical distribution. The findings of these tests succeed in 
providing evidence that the data underpinning an average figure, reflected a symmetrical 
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distribution. The issue was slightly more complicated in the case of London. The normality test in 
respect of inputs for the weighted yield only passed the Shapiro Wilk test on 50 of the 78 
quarters (64%). This was, however, in large part, attributable to the large number of lower yields 
contained within the London sample. When the London yield was converted to logarithms, the 
revised figures passed the 5% level Shapiro Wilk test in 70 of the 78 quarters (90%).   The raw 
inputs to the yield measure across the three market sectors therefore demonstrate a tendency 
towards normality that has not been observed in respect of appraisal-based measures.  

The normality tests (Shapiro-Wilk at 5% level) for the weighted average yields themselves were 
passed by both the Big City and Rest of UK measures. This was not the case for London where 
the distribution was skewed with the mode of the distribution far towards the left of the 
distribution as shown in Figure 6.2. That distribution of London yields is impacted upon by the 
figures produced at the end of the study period. Since September 2014, the maximum weighted 
yield produced in respect of the London market was 4.84%. This represented the 23rd percentile 
of London yields calculated over the full study period. Of the 16 quarters calculated over this 
period, 8 reflected yields in the top 10th percentile. Not one figure calculated in the run up to the 
GFC was low enough to make the 10th percentile. This indicates that something fundamental has 
changed in the pricing of the London market. It has passed through a threshold so it would not be 
rational to expect a normal distribution over the full study period.  

Further statistical tests indicated, allowing for the normality discussion above, that the CUKO 
averages over the full study period demonstrated statistically statistical pricing over the full study 
period. London recorded the lowest yields followed by Big Cities and the Rest of UK, reflecting 
the expected hierarchy.  

A final test of the physical properties of the weighted yields related to whether they were 
stationary or, alternatively, possessed the properties of a random walk. The answer to this 
question has major implications for the potential modelling of the weighted yields. The tests 
showed than in respect of London, there was no tendency towards stationarity over the full study 
period. There, has, however, been a major change in recent years, since late 2014, suggesting 
that London offices may have stabilised around an anchor price that stands at a lower level than 
experienced throughout the study period. As Scott (1996) and the MSCI database show, London 
yields have remained stable at low absolute levels relative to previous norms. For other markets, 
Big Cities reported a weak level of stationarity whilst Rest of UK offices demonstrated stationarity 
at the 5% level. This suggests there is a mean reverting ‘price’ in respect of this market that 
strategist can use to adjust weightings and target assets when current pricing is out of synch with 
this level. 

8.3.4 Creating price change and estimated total return measures  
The yield measures, in isolation, could only provide the analyst with a certain level of information. 
The next stage involved the creation of measures designed to capture pricing trends and mimic 
investment performance measures that have, to date, been based on appraised values. Price 
changes were calculated by taking the difference between yields and using the quarter end yield 
as a denominator to calculate a percentage price change. The calculation was inverted so that 
an increase in the yield would be represented by a fall in the pricing measures with a decline 
reflecting a rise in price. In addition, an allowance was made to incorporate a proportion of 
income growth to reflect changes in the underlying basis of the yield calculation. 

Calculating a measure that captured investment performance in its entirety, however, was more 
challenging. One of the strongest features of the MSCI service is their interrogation and 
validation of the rental income data that is supplied to them by the index contributors. For this 
type of study, there was and is no method that can replicate this detail. The use of the initial 
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yield, however, represents a measure that can be used to calculate an effective approximation of 
rental income over a short period of time as demonstrated in respect of London in Figure 5.4. 
The weighted initial yield figure calculated in Chapter 4, based on existing rental income, 
contains allowances for vacant units held within multi-let assets. Calculating the same measure 
over the next quarter would capture the income streams of a similar group of properties over that 
quarter before the process is repeated. There was no need, as applied in Burston and Burrell 
(2015) to adjust an equivalent yield measure towards the initial yield to estimate income return. 
The process and assumptions contained in calculating the estimates of total return are explained 
in section 5.2.5.  

The total return measures demonstrated the extent that investment performance in London has 
been driven by pricing changes whilst performance in the other UK markets was in the main a 
product of the income yield. These measures should be a ‘first cut’ that highlights the analysis 
that can be derived from using transactions yields. At this stage, the methodology cannot be 
placed on the same level as benchmark measures that have validated earned income. The 
intention was to show that these measures, constructed in a straightforward and transparent 
manner, could prove valuable insights to analysts.  

8.3.5 Creating price change measures using repeat-sales regression method 
The validity of the yield-based performance measures was compared alongside transaction-
based measures calculated through using the repeat-sales regression technique. This remains 
the favoured approach for producing transaction-based measures and the sample of repeat sales 
was sufficient to create price change measures on this basis for London and All UK Offices 
excluding London. 

  
The methodology, presented in 5.3, involved the identification of repeat sales transactions where 
the logarithm of the price change was regressed against dummy variables designed to capture 
the sales dates, enabling the regression statistics to be calculated. The analysis was run through 
SPSS with the Generalised Least Squares approach enabling the capture of the holding period 
into the model. The data samples used covered data that included yields, to match the data used 
for the yield-based measures, along with regressions run on the full PropertyData sample. This 
included every transaction with a recorded price that was a repeat sale. Several further stages of 
data processing were employed to prevent distortions from impacting on the results.  This 
methodology, based on previous work by Bailey et al (1963) and Case and Shiller (1989) 
enabled a meaningful comparison to be made against the existing appraisal-based measures 
and the transaction yield, adjusted for income growth.  

8.3.6 Comparison with appraisal-based measures 
The price and total return measures, yield-based and repeat-sales regression based, were then 
compared with the equivalent appraisal-based measures sourced from IPD up to and including 
the end of June 2018. This meant that 66 quarters of measures were directly comparable. The 
relationships are summarised in Table 6.1 – Table 6.4. Over the period 2001-14, total returns in 
respect of London were pretty much identical whilst returns on the other UK markets were slightly 
higher than the figures recorded by appraisal-based measures. These differences, however, 
were not at a statistically significant level. This finding represented a good result for the 
methodology employed as the headline performance measures created from appraised values 
are, over the longer term, expected to produce reasonable estimates of investment performance. 

The comparison of the yield-based methodology with appraisal-based figures showed 
encouraging results in two other areas. The scale of autocorrelation had been reduced, in the 
case of total returns and pricing changes, to levels more associated with other asset classes and 
therefore removed one of the fundamental defects of appraisal-based measures. The level of 
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volatility as quantified in the standard deviation measure was substantially higher at a level in 
accordance with what was expected in the relevant literature e.g. Devaney and Diaz (2011). This 
represented another issue with using appraisal-based measures that the construction of 
straightforward transactions-based measures had addressed. 

The repeat-sales method produced price change and total return figures that were comparable 
with both the appraisal-based figures and transaction yields. There was, however, a level of 
volatility that was significantly beyond what was produced by the over two methods, indicating a 
degree of risk far beyond the anticipated level. This was somewhat at odds with the rationale 
explored throughout the literature in Chapter 2 where employing the repeat-sales regression 
technique was required to curtail the scale of volatility inherent in transaction-based measures.    

The distribution of the newly created transactions-based measures (both bases) were contrasted 
with appraisal-based measures. Over the period 2001-H1 2018, the price change measures 
passed the standard Shapiro Wilk normality tests across the three defined sectors (yield) and two 
categories (repeat- sales regression). This was not the case for equivalent capital growth 
measures produced by MSCI for both London and Rest of UK offices. The distribution of these 
measures remains heavily skewed.  

On the face of it and allowing for some of the aforementioned challenges incurred in creating the 
database such as modest sample sizes, the transactions-based measures created for the UK 
standard office market in this thesis address many of the issues contained within appraisal-based 
measures. They do this without impinging on long term measures of performance. To date of 
course, the analysis has only been conducted in respect of office properties so the drawing of 
wider conclusions at this stage would be premature. It was clear, however, that some of the 
apparently intractable issues in constructing and using transactions-based measures on direct 
point to point changes may turn out to have been less of an issue in practical terms.  

8.3.7 Quantifying the risk premium 
Figures 6.4 and 6.5 presented the CUKO weighted risk premiums based on comparisons with 
nominal and index-linked gilt yields respectively. The two charts told two similar stories. First, the 
scale of the risk premium in the second half of the study period appeared much larger than the 
earlier figures. Second, the risk premium calculated in respect of London was significantly lower 
in comparison to the other two markets in the second half of the study period. In the period 
immediately prior to the GFC, the risk premium measure contained a narrow spread across the 
three defined CUKOs.  

The decision was made to calculate the risk premium before and after December 2008. This cut-
off enabled the impact of the Lehman Brothers collapse in September and subsequent lowering 
of interest rates around the world in response to be captured in the risk premium figures 
calculated from 2008.  

In order to evaluate the statistical properties of the risk premium, a modest degree of filtration of 
the lowest risk premium measures was employed in the cases of London and Big Cities in order 
to pass the Shapiro-Wilk normality test. Essentially, the risk premium in the case of both markets 
had fallen to such extreme lows, in the run-up to the GFC that the risk premium ended up 
negative in the case of London. This was far away from the scale of risk premium traditionally 
associated with the asset class.  

As the analysis produced in Jones et al (2018) made clear however, these extreme figures 
reflected the market at the time. For the risk premiums, nominal and real in respect of Big Cities 
and London, there were no statistically significant difference in the mean figures over the period 
1999-2008. Over the period 2009–2018, statistically significant differences were calculated 
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across all three CUKOs which also passed the Shapiro-Wilk normality test comfortably. These 
figures all helped to confirm that the scale of the risk premium passed through a clear threshold 
change over the study period. The tests for normality and significant differences across the 
defined sectors were repeated for the real risk premium measures.  

One of the fundamental objectives of the research was to quantify the risk premium for UK 
offices. The figures are presented in Table 6.36 indicating that a narrow spread between the 
defined sectors over the period 1999-2008 has been replaced by much greater range over the 
period 2009-2018. This applied to both nominal and real bases with the nominal risk premium for 
non-London markets more than doubling over the period. The risk premium metrics provide 
valuable information as to whether a defined market was priced correctly relative to the other 
segments. The risk premium measure can be used in comparison with other asset classes and 
assist analysts in assessing the degree of under- or over-valuation in contemporaneous pricing.  

8.3.8 Practical applications of transaction-based measures 
Chapter 7 demonstrated some of the practical uses that researchers and strategists could derive 
from the transactions-based data.  

8.3.8.1 Producing effective risk measures 
Chapter 7 demonstrated that the transactions-based measures could be used to estimate the risk 
adjusted performance of the UK office market. Analysis of risk adjusted total returns indicated 
that over the shorter-term horizons of three and five years, the appraisal-based measures in 
respect of London produced a higher return/volatility ratio compared to the transaction based 
equivalent measure. Over the longer term, the measures of risk adjusted performance across 
appraisal and transactions-based metrics for London were similar.   

Big Cities and Rest of UK offices displayed superior risk return trade-offs than what was 
suggested by the appraisal-based figures. Further exploration of non-London markets indicated 
they were volatile and showing signs of life, following the GFC, far earlier than what was 
indicated by the appraisal-based measures. Using the transactions-based figures would have 
had a major impact on the decision as to when non-London offices moved from a sale to a buy 
recommendation. 

The transactions-based measures can also be applied to creating standard risk measures such 
as the Sharpe ratio. The number of measures than can be created is limited until a greater 
degree of research is undertaken to create a market level figure. Nevertheless, the transactions-
based metrics were able to generate plausible measures for comparing investment performance 
between CUKOs and relative to other asset classes. This was also proven with the calculation of 
downside risk measures as displayed in Table 7.5 and Table 7.6.  

8.3.8.2 Exploring correlation 
One further area of analysis produced using transaction-based measures was the calculation of 
the correlation between defined market segments. The appraisal-based measures produced by 
MSCI contained high positive correlations across property type and geographically defined 
market sectors. This effectively removes the application of mathematically calculated portfolio 
theory for strategists using this data as the risk reduction achievable through investing in a wide 
range of sectors is limited. This is the case whether the MSCI data is presented on an annual or 
quarterly basis.  

The transactions-based measures presented in respect of the three defined market segments, 
however, stated a very different story. The scale of correlations between the three defined 
CUKOs fell considerably. Even when utilising 6-month measures, designed to remove a degree 
of the inevitable point-to-point volatility, the correlations stood at 0.3 to 0.4. These are levels that 
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indicated material benefits to risk adjusted performance could be generated by diversifying 
across the three CUKOs. Furthermore, the lower levels of correlation combined with the normal 
nature of the performance measures in comparison to appraisal-based counterparts suggest that 
portfolio theory could be applied much more effectively to the transactions-based measures 
created in this thesis. The fluctuating levels of autocorrelation in the measures also suggested 
they would support a range of investment strategies that cannot be devised and assessed 
appropriately through using traditional appraisal-based measures.  

8.3.8.3 Using transaction-based measures to apply portfolio theory 
Chapter 7 concludes by illustrating how transaction-based measures can be incorporated into 
calculating optimal portfolio weightings. The longstanding issue of appraisal based measures 
producing erroneous estimates of how much property should be incorporated into a multi-asset 
portfolio is confirmed and the potential solution, admittedly at an early stage, offered by yield-
based transaction based measures is intriguing. There is an issue with the relationship between 
repeat-sales based measures and their relationship with other asset classes that required further 
exploration.    

8.4 Addressing some of the limitations of the study 
The measures created in this thesis appeared to address some of the longstanding issues 
associated with the use of transactions-based measures and the three defined CUKOs of 
London, Big Cities and Rest of UK delineated the UK office market into three plausible entities. 
These were priced at levels reflecting a rational hierarchy. Nevertheless, the methodology 
employed across the thesis has some limitations that should be acknowledged at this point. 

8.4.1 Limited number of markets 
The data interrogated refers to the UK office market, specifically UK standard offices. This does 
not capture the investable universe to those seeking exposure to the UK property market. The 
conclusions drawn from the data constructed in respect of the UK office market might not apply 
in respect of other markets. This feature also inhibited the scope of the risk analysis that could be 
produced up to this point. Further research, however, will be required to construct a broader 
database covering a wider range of the investable universe. This could help determine whether 
transaction measures calculated in this manner can, to some extent at least, address the 
question posed by Geltner and Ling (2007) of how you define the beta of real estate  

8.4.2 Shortage of data for direct comparison over full study period 
The comparison of the transactions-based measures with appropriate appraisal-based measures 
covered the period 2001-2018 containing 66 quarters of information. That represents a good 
source on which to base the comparison. It could be argued that the study would have benefitted 
from producing a direct comparison with the RCA CPPI measures that are available in respect of 
UK office markets. These figures, however, remain proprietary datasets and the number of 
defined markets sectors produced by RCA on the smaller subset of repeat sales transactions 
ensures that a direct comparison at this stage would present problems. Evidence for this 
conclusion is supported by the limited number of office categories that could be supported by the 
repeat-sales method as outlined in 5.3. This is an area, however, that could also be part of a 
further research agenda.  

8.4.3 Periods when the statistical properties of measures are limited or not normal 
The challenge of how to cope with periods when transactional evidence is extremely limited is 
addressed in Chapter 4. The combining of segments into broader categories can only do so 
much. Samples in different quarters can have completely different distributions and require 
careful interpretation. The statement that there are not enough transactions producing market 
evidence that enables a statistically robust measure upon which a price movement can be 
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calculated presents a real challenge for the Big Cities market over a short period. Utilising the 
number, however, if it is understood, may prove less damaging than attempting to gloss over the 
issue by producing traditional appraisal-based metrics that heavily rely on and therefore reflect 
outdated information.  

One of the principal justifications for using repeat sales and not point to point average figures has 
long been driven by the variable sample as a different set of properties is traded over 
consecutive quarters. This is addressed, in part, by comparing yield-based measures directly 
with repeat-sales based equivalents. Using average figures can also be challenged when the 
distribution of the underlying measures, in this case, yields, within a quarter, violates the 
normality condition to a significant degree. This issue, however, should not be overstated. Most 
quarterly yield inputs as illustrated in Appendix 2 (lognormal yields in the case of London) passed 
the standard normality tests. The normality of the price change figures derived from these yields, 
however, addresses this issue and makes a persuasive case that the derived measures are 
effective and constructed on a reasonable basis.  

8.4.4 The diminution of investment volumes by stage 3 filtration 
The analysis presented in 5.5.1 and 5.5.2, with reference to Table 5.8, shows that the filtration of 
large transactions has a major impact on the scale of investment volumes underpinning the final 
transactions-based measures. The response to the issue is conveyed in section 4.5.2. The 
impact of large lot sizes on headline performance measures is an issue that requires further 
research, particularly given the ‘lumpy’ nature of direct real estate investment. This issue would 
also apply to existing appraisal-based measures and repeat sales transaction-based figures.  

8.4.5 Use of net operating income growth in price change calculation  
The use of net operating income growth represents not only an assumption but also a proprietary 
set of data that is not readily available to non-subscribers of MSCI. It is reasonable, however, for 
analysts to employ an assumption, such as the consumer price index (CPI) or alternative level of 
growth to inflate the basis yield change index over the relevant study period. The benefit of using 
the change in net operating income is that the variable reflects contracted rent and actual 
cashflows rather than subjective market rental values.     

8.4.6 Application of assumptions in total return measure 
The total return calculations produced in Chapter 6 and analysed in subsequent chapters 
contained assumptions. These were acknowledged at the time. The measures are not equivalent 
with the total return metrics produced by the likes of MSCI and RCA. They are not formal 
benchmarking numbers and are, at this stage of development, not appropriate for any wider 
application such as forming a basis for trading derivative products. They can, more appropriately, 
be mimicking these measures. There is the scope, of course, to finesse the calculations and 
price change methodology could be combined with genuine rental income figures to make a 
more comprehensive income and total return measures. 

8.4.7 Changing scale of autocorrelations 
Another issue noted in the stand of literature culminating in Geltner and Pollakowski (2007) and 
Geltner and Bokhari (2008) was the view that average measures based on fluctuating samples 
could generate excessive volatility that would be reflected in high levels of negative correlation. 
This can lead to the risk of distorting the aggregated volatility measures. Whilst this was not an 
issue in respect of the period up to June 2018 as highlighted in Tables 6.1 – 6.5, the scale of 
negative autocorrelation has risen considerably in the latter quarters of the study period. This 
issue requires further investigation although it should be noted that the sample sizes towards the 
end of the study period coupled with the frequent passing of normality tests on individual yields 
suggest the figures are market rather than data driven. Prices at the end of the study period may 
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be fluctuating around levels that the market determines to be reasonable, equilibrium type levels. 
In this instance negative autocorrelation may reflect the actuality of mundane market conditions 
as opposed to major statistical anomalies.  

8.5 Agenda for further research 
There are areas where the research and analysis conducted in respect of this thesis could be 
extended. The definition of further CUKOs based on other property types and geographic areas 
have already been mentioned. This would enable the methodology to be extended towards 
relative measurement, a wider range of risk measures and more effective implementation of 
portfolio theory in respect of commercial property. There are other areas that may benefit from 
some of the findings of and techniques employed in the writing of this thesis.  

8.5.1 Forecasting and modelling  
Forecasting the UK market has evolved, to a great extent, in line with the availability of data. The 
creation of metrics based on transaction yields invites the question as to whether the metrics can 
be modelled through exploring relationships with other asset classes and related variables. 
These relationships include the exploration of data that is directly tied to the creation of the 
metrics themselves such as investment volumes. It could also consider data related to the 
property market in a more general sense such as lending figures or rental growth forecasts. 
There is time series data relating to the pricing of alternative asset classes that can be 
considered. A further stage of research could therefore investigate the validity of modelling the 
transactions-based metrics to support the generation of econometric forecasting models.  

This strand of research could also explore recent developments in forecasting such as non-linear 
modelling and a systems-based approach. 

8.5.2 Extend previous research into fair value  
Burston and Burrell (2015) produced a detailed paper that explored two methodologies to 
determine the ‘fair value’ of UK commercial property. Their utilisation of net rental income 
received as a basis for their CAPE measure is of particular interest, given that it uses the net 
income flow generated by commercial property as a key input. The net cash produced by any 
asset is at the heart of investment analysis. Their conclusions, however, in respect of the CAPE 
method, continue to reflect the smoothed issue inherent in valuations. It would be interesting to 
explore if the basic CAPE methodology could be combined with the price change measures 
presented in Tables 5.13 -5.15 and the repeat-sales regression price changes illustrated in 
Figure 5.13. This would essentially apply transactions-based price movements, instead of capital 
value growth, as the numerator for the ‘fair value’ metric.  

Another extension of ‘fair value’ analysis would be to ensure that any explanation was based on 
data needed to be available to the analyst at the time. The methodology could not be generated 
by hindsight or the use of a model constructed from data produced after the period in question. 
This was one of the major issues behind the relative value analysis in the work published by 
Burston and Burrell (2015). Using some fundamental concepts including the required rate of 
return and expected rates of return as set out in Fraser (1986a, 1993), a model using this data 
could be devised to capture turning points as well as form a more objective view on whether 
markets were fairly or fully priced. 

  

8.5.3 Big data  
The measures constructed in this thesis are derived from the yield information collated by 
Property Data as described in Chapter 4. Property Data continue to source their data from 
agents involved in deals. CoStar and PMA also collate information from a range of sources and 
provide different datasets to a wider range of subscribers. It is tempting to hypothesise whether 
the transaction prices of commercial property trades could be captured, automatically, by the 
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automatic registration, through a land registry type public body, at the point of sale. This could 
generate a wider flow of information at a lower cost for investors.  

In terms of replicating the exact data used in this thesis, the data involved in creating initial yields 
would be more complex, given the need for lease information. The registration requirement for 
leases, however, suggests there might be the possibility of deriving initial yield type measures by 
combining registered leases17 with the recorded price at the time of transaction to generate an 
initial yield type figure. At present, the registration only applied to leases with length of seven 
years or greater. It is reasonable to hypothesise, however, that given the rapid reduction in lease 
lengths that has occurred since the turn of the millennium18, registration requirements could 
change to capture a greater proportion of the market than they do at the present time. These 
measures could then be collated across measurement periods with minimal intervention or 
further processing required. Big data could therefore contribute to a solution at a time when some 
of the data metrics that have been a feature of the industry for decades are coming under 
increasing scrutiny and challenge.      

8.5.4 Combination of methodologies with existing service providers 
As detailed in Chapter 1, RCA have developed a series of commercial property price indices that 
now cover a wide range of markets. These indices have been established using repeat sales 
methodology that is supported by a comprehensive academic literature. Nevertheless, the take 
up of these measures in the UK has been limited so far. Many investment houses continue to 
retain confidence in the established appraisal-based measures. The number of segment indices 
offered at present by RCA, as highlighted in 1.2.4, struggles to create a sustainable sample 
based on repeat sales. The analysis produced in section 5.3 confirms this challenge. The 
definitions also replicate, to a large extent, the original segment definitions established by IPD 
and existing industry practice such as ‘The Big 6’ definition.  

There might be scoped to apply some of the segment definition work undertaken in this thesis to 
recalibrate the existing offer of commercial property price indices. There may also be possibilities 
to apply some of the advanced mathematical techniques undertaken in the creation of existing 
measures to improve the statistical properties of the measures used in the thesis, particularly 
where sample sizes are small and not normally distributed.  

8.5.5 Move towards using biannual measures?  
Another question that arises from the analysis concerns whether the commercial property 
industry, fund managers and researchers alike, have become too fixated on quarterly reporting. 
The development and expansion of the MSCI quarterly index is now firmly embedded in the 
investment processes conducted by many major UK investors as confirmed by Trevillion et al 
(2018). Even then, the time taken to produce these measures continues to leave the asset class 
at a disadvantage to alternatives such as equity, fixed income and others. The representative 
nature of the quarterly measures produced by MSCI has also come into question given the 
reduced data supply available from an industry which has undergone a great deal of 
consolidation.  

Given the time taken to conclude a commercial property transaction in terms of the identification, 
bidding process and due diligence requirements undertaken, should practitioners be less 
concerned about attempting to make the focus of reporting and measurement quarterly? The 
analysis produced in this thesis suggests that relative pricing trends and levels of correlation can 

 
17 At present, commercial leases lasting with a length of seven years or less do not need to be registered as per 
https://www.gov.uk/government/publications/leases-when-to-register/practice-guide-25-leases-when-to-
register. This limits the immediate impact that registering leases could have on creating yield metrics 
18 https://www.struttandparker.com/publications/uk-lease-events-review 
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be clearly defined by using discrete six-monthly measures constructed from the chain-linking of 
two quarterly figures. This requires a wider debate but maybe the focus for information and data 
provision should revert to quality and relevance? Timeliness remains an important issue, but it is 
far from being the only one.  

8.5.6 Greater application of behavioural economics in real estate 
The direct application of behavioural finance theory to commercial property analysis is limited. 
Trevillion (2015) noted that real estate models continued to be dominated by linear mathematics. 
Such models did not capture processes or dynamics that capture change and indeed, 
predominantly focussed on explaining historic market performance. Trevillion (2015) suggested 
that complexity theory, capturing the links between objects and events and how they impact on 
other variables offered the route to superior modelling of property markets that captured 
elements of behaviour. He also noted in an explicit sense that rental growth expectations justified 
the ever-higher prices being paid in the run up to the GFC and that the market could accurately 
be defined as displaying ‘irrational exuberance’ as defined in Shiller (2000)19.  

Richardson (2015) noted the investors were prone to systematic errors and psychological errors 
and this helped to explain irrational pricing. One particular point made was that evaluation of 
information often used flawed logic and ‘short cuts’. An example of using a short cut would be in 
suggesting that the relationship between expected returns and required rates of return implies 
fair value or better when expected returns exceed required returns. This presentation also 
suggested a ‘three strikes rule’ where property investors would sell after experiencing a third 
loss. An example was provided using IPD All-Property capital value growth covering the period 
1987-1993. The presentation suggested investors held after one, held on with reservations after 
a second correction and had enough and sold after a third successive correction. The 
presentation illustrated, with clear logic, that the likelihood of a bounce-back increased with each 
passing correction given the tendency of markets, at some point, to mean revert. Investors 
selling after the third hit sold at the least opportune time. 

It is important to note that this tendency to mean revert applies at a market or segment/CUKO 
level rather than in respect of individual assets. Indeed, a degree of disposition bias leads to 
erroneous choices where individual losers are retained on the basis that the investor believes 
that a decision made by that investor will come good at some point. This encourages winners to 
be sold and losers to be retained within portfolios.  

Richardson (2015) also made an important point in that access to ever greater levels of 
information did not result in greater accuracy of decision making. More information did not 
necessarily produce better forecasts and more information could result in greater levels of over-
confidence. This thesis uses straightforward data to produce streamlined, effective analysis of 
property markets. Further research in the specific area of behavioural economics in relation to 
commercial property is likely to be of particular interest going forward.  

8.6 Summary 
This thesis sought to transform a limited dataset of headline initial yields produced by 
transactions by employing a straightforward and transparent process of data cleaning. This 
would generate a range of metrics that could assist in analysing the UK commercial property 
market, specifically offices. A further objective was to investigate whether using transaction yields 
could address some of the weaknesses inherent in appraisal-based measures. It also compared 

 
19 “...this term has become a useful name for the kind of social phenomenon... that has happened 
again, and again in history, when markets have been bid up to unusually high and unsustainable 
levels under the influence of market psychology.” 
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this methodology directly with measures produce by the established repeat-sales regression 
process.  
 
The thesis has shown that with the effective definition of logical categories of homogeneous 
property types and with a large enough sample to create genuine averages, this more simplistic 
approach has succeeded in creating metrics that can be used to interrogate the UK office 
market. It has also compared this approach with the repeat-sales regression technique that 
remains at the forefront of academic research and commercial products in this area. The 
research has shown that point-to-point yields, in the case of UK offices, can produce measures 
that address the shortcomings of appraisal-based measures without producing excessive levels 
of noise and volatility, long seen as the principal drawback from using this approach.  
 
The thesis has also investigated, in considerable detail, the strengths and weaknesses of 
applying the repeat-sales regression method in creating price change metrics for the UK office 
market. For London, the metrics produced from the equation address the issue of autocorrelation 
and produce plausible estimates of price change that are normally distributed. There is, however, 
an issue in the scale of volatility. For non-London markets, the measure struggles to produce a 
sufficient sample. This reflects, in the main, the lopsided nature of the UK invested market. This 
issue can mask some of the opportunities available in prime-city markets and is also likely to 
continue to impede the take up of such measures within the industry at the present time. The 
combination of various data sources or development of Big Data could, however, address these 
concerns and the repeat-sales regression technique may, eventually, be the underpinning of 
transaction-based measures in the UK.  
 
In summing up, the contribution to existing research in the field made by this thesis can be 
summarised in the following points: - 
 

 For clearly defined categories of commercial properties, (CUKO’s in respect of UK 
offices), measures based on the movement between initial yields, incorporating 
allowances for income growth, can produce plausible risk/return metrics. 

 A process of straightforward filtration of transactions can produce measures based on 
transactions occurring in consecutive quarters that satisfy a range of statistical tests, 
suggesting that concerns about noise related to different transactions occurring in 
consecutive quarters can be managed. 

 The standard definition of market segments in respect of UK offices has been maintained 
for decades. These definitions should be revisited.  

 The scale of the risk premium in respect of UK offices changed dramatically in the 
aftermath of the GFC. The thesis produces effective estimates of the risk premium, 
nominal and real, at a CUKO level. 

 Measures based upon transaction yields, including price change and estimate of income 
and total return compare favourably with traditional appraisal-based measures. Over the 
long term, the measures produce similar estimates of price changes and returns but the 
volatility of transactions-based measures is materially higher. This accords with the 
actual investor experience. 

 The data contributes to the debate on the bias of the UK office market towards London 
and produces performance measures that can present non-London locations, particularly 
in respect of the major urban centres, in a more effective manner.   

 In respect of the UK office market, the repeat sales technique can support measures for 
London and, with some qualifications concerning volatility, a category for all UK offices 
outside London 
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 The greater volatility of transaction-based measures ensures they are more likely to be 
utilised in multi-asset modelling as optimal weighting for property holdings will be more 
realistic. 

 The thesis showed that transaction-based measures do not contain the scale of 
autocorrelation that is found in appraisal-based measures.  

 Transaction based measures also capture the nature of real estate markets more 
effectively. They are less prone to suggesting long periods of stable performance, quarter 
after quarter, year upon year, as has proved the case with appraisal-based measures. 

 The previous point indicates that transaction-based measures show the commercial 
property market (UK offices) is more efficient, in terms of the EMH, than is suggested by 
appraisal-based measures. This matches the actual investor experience.  

 Given the ongoing consolidation inherent within various sectors of the real estate market, 
and increasing restrictions on the availability of market data, the thesis shows how robust 
and informative measures can be created from a limited dataset also the point raised in 
8.4.5 is challenge to this point.  Nevertheless, given widespread concerns about wider 
transparency for investors, the thesis contributes to an important and under-reported 
issue.  

 The transaction-based measures created in this thesis can be used to determine turning 
points in market performance. 

 The transaction-based measures created in this thesis can be applied in the definition of 
a range of risk measures.  

 The use of the repeat-sale regression technique as a means of curtailing excessive 
‘noise’ when deriving transaction-based price change measures can, in the case of UK 
offices, be questioned.  

 The transactions-based measures can be used as a vital component of an investor’s 
required rate of return through establishing a risk premium. The required rate of return is 
a critical component in contemporary appraisal methods  

 The variables based upon transactions that have been created for this thesis can be 
applied in portfolio optimisation modelling. They demonstrate that diversification across 
CUKO boundaries can reduce total portfolio risk by a far greater extent than is suggested 
by existing appraisal-based metrics. These remain highly correlated across markets. 

 The measures created in this thesis can be part of a further research agenda that extend 
across areas including the application of behavioural economics, the development of 
non-linear forecasting models and the extension of previous analysis conducted in 
defining fair value. 

 There could be a future role for transactions-based measures in formal benchmarking of 
investment performance. The thesis acts as base upon which more thoroughly examined 
and tested metrics can be constructed.    

 The use of this methodology will also be available at to research analysts at a 
significantly lower level of cost as it does not require the resources required to conduct 
the appraisal process. It also captures classes of investor type that are missing from 
existing data sources. It does, however, require either robust data or plausible 
assumptions on operating income.  

 
The measures presented in this paper need to be refined and explored further. The initial 
findings, however, are very encouraging and support a substantial research agenda to take the 
analysis presented here to the next level. 
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Appendix 1 Big Cities – Transaction prices/yields with limited sample  

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning  

Q3 2008 - Big City Offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

1.4 6.1 1.4 6.1
4 8 4 8

4.4 9 4.4 9
6.5 6.13 6.5 6.13
17.6 5.37 17.6 5.37
18.1 7.23 18.1 7.23
19.15 6.55

6.62 6.64 6.55 6.60

Q4 2008 - Big City Offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

0.35 6.8 0.35 6.8
1.6 6.5 1.6 6.5
9.44 9 9.44 9
21 6.98 21 6.98

21.915 6.65 21.915 6.65
30.5 6.31 30.5 6.31
56.7 6.75
89.25 6.4

6.66 6.87 6.70 6.74

Q1 2012 - Big City Offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

0.12 5.5 0.12 5.5
0.61 10.7 0.61 10.7
7.05 7.88 7.05 7.88
9.412 8.41 9.412 8.41
13.567 11.5 13.567 11.5
22.6 8.7 22.6 8.7
25.5 6.5 25.5 6.5
41.65 6.4 41.65 6.4
69.6 6.19

7.14 7.69 7.88 7.57
Q2 2012 - Big City Offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

1.3 7.97 1.3 7.97
1.925 11.6 1.925 11.6
3.9 9.5 3.9 9.5
6.35 6.83 6.35 6.83
17 6.3 17 6.3

18.3 8.66 18.3 8.66
26.4 7.3 26.4 7.3

36.915 6.8
7.34 7.60 7.64 7.52

Q4 2012 - Big City Offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

1.35 9.6 1.35 9.6
2.45 4.9 2.45 4.9
2.7 9 2.7 9
4 9 4 9

4.07 5.58 4.07 5.58
4.2 8.5 4.2 8.5
7.75 9.09 7.75 9.09
15 7.53 15 7.53
19 5.54 19 5.54

40.475 7.28
7.20 7.14 8.02 7.17

Q1 2013 - Big City Offices

Price £m Yield % Filtered volume (£m) Filtered yield (%)
Weighted yield         
(% unfiltered)

Weighted yield          
(% filtered) Median yield (%)

Total average        
yield (%)

5.1 6.75 5.1 6.75
5.75 7.5 5.75 7.5

6 9.5 6 9.5
8.5 7.9 8.5 7.9

8.775 7.46 8.775 7.46
10.85 10 10.85 10
16.79 10.98 16.79 10.98

46 7.3
8.31 9.07 7.70 8.36
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Appendix 2 Shapiro-Wilk tests of underlying yields: Big Cities 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning  

Statistic df Sig. Statistic df Sig.
Mar-99 0.83 12 0.02 Mar-09 0.88 10 0.15
Jun-99 0.89 15 0.07 Jun-09 0.88 10 0.13
Sep-99 0.86 16 0.02 Sep-09 0.99 15 1.00
Dec-99 0.94 21 0.19 Dec-09 0.94 13 0.48
Mar-00 0.93 15 0.30 Mar-10 0.95 24 0.33
Jun-00 0.91 15 0.13 Jun-10 0.94 19 0.26
Sep-00 0.92 13 0.22 Sep-10 0.95 16 0.55
Dec-00 0.93 17 0.21 Dec-10 0.94 17 0.35
Mar-01 0.95 22 0.29 Mar-11 0.94 13 0.50
Jun-01 0.95 19 0.34 Jun-11 0.99 11 1.00
Sep-01 0.91 35 0.01 Sep-11 0.96 13 0.81
Dec-01 0.92 23 0.08 Dec-11 0.94 16 0.34
Mar-02 0.97 26 0.57 Mar-12 0.94 8 0.65
Jun-02 0.98 23 0.80 Jun-12 0.94 7 0.63
Sep-02 0.91 37 0.01 Sep-12 0.91 9 0.33
Dec-02 0.97 36 0.36 Dec-12 0.84 9 0.07
Mar-03 0.85 15 0.02 Mar-13 0.92 7 0.44
Jun-03 0.91 23 0.03 Jun-13 0.87 10 0.10
Sep-03 0.99 34 0.91 Sep-13 0.93 13 0.33
Dec-03 0.97 32 0.61 Dec-13 0.95 25 0.21
Mar-04 0.97 30 0.65 Mar-14 0.96 23 0.50
Jun-04 0.95 39 0.09 Jun-14 0.90 16 0.09
Sep-04 0.96 24 0.44 Sep-14 0.98 22 0.82
Dec-04 0.96 27 0.31 Dec-14 0.96 24 0.44
Mar-05 0.94 25 0.17 Mar-15 0.90 28 0.01
Jun-05 0.94 29 0.08 Jun-15 0.96 30 0.32
Sep-05 0.98 25 0.91 Sep-15 0.97 25 0.52
Dec-05 0.97 31 0.58 Dec-15 0.98 36 0.57
Mar-06 0.97 27 0.64 Mar-16 0.92 33 0.01
Jun-06 0.98 31 0.83 Jun-16 0.95 19 0.46
Sep-06 0.98 37 0.75 Sep-16 0.97 14 0.86
Dec-06 0.98 43 0.82 Dec-16 0.98 25 0.83
Mar-07 0.89 25 0.01 Mar-17 0.96 19 0.51
Jun-07 0.96 29 0.25 Jun-17 0.98 12 1.00
Sep-07 0.96 26 0.42 Sep-17 0.91 31 0.01
Dec-07 0.94 16 0.38 Dec-17 0.95 33 0.18
Mar-08 0.98 20 0.87 Mar-18 0.97 25 0.74
Jun-08 0.86 13 0.04 Jun-18 0.94 13 0.44
Sep-08 0.95 6 0.72
Dec-08 0.69 7 0.00

Shapiro-Wilk Shapiro-Wilk
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Appendix 3 Shapiro-Wilk tests of underlying yields: London 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning  

 

Statistic df Sig. Statistic df Sig.
Mar-99 0.98 34 0.85 Mar-09 0.90 16 0.09
Jun-99 0.97 31 0.39 Jun-09 0.97 32 0.51
Sep-99 0.97 24 0.57 Sep-09 0.98 36 0.66
Dec-99 0.96 43 0.16 Dec-09 0.94 36 0.04
Mar-00 0.97 37 0.37 Mar-10 0.95 42 0.07
Jun-00 0.89 21 0.02 Jun-10 0.99 45 0.86
Sep-00 0.97 17 0.86 Sep-10 0.98 35 0.75
Dec-00 0.97 21 0.65 Dec-10 0.97 45 0.19
Mar-01 0.96 32 0.29 Mar-11 0.92 25 0.05
Jun-01 0.98 44 0.58 Jun-11 0.98 29 0.76
Sep-01 0.98 53 0.58 Sep-11 0.96 36 0.21
Dec-01 0.98 51 0.62 Dec-11 0.91 29 0.02
Mar-02 0.98 27 0.74 Mar-12 0.85 35 0.00
Jun-02 0.97 40 0.34 Jun-12 0.97 44 0.25
Sep-02 0.97 45 0.20 Sep-12 0.93 42 0.01
Dec-02 0.99 53 0.94 Dec-12 0.90 45 0.00
Mar-03 0.94 24 0.20 Mar-13 0.95 41 0.09
Jun-03 0.99 45 0.98 Jun-13 0.95 46 0.04
Sep-03 0.96 37 0.22 Sep-13 0.96 65 0.05
Dec-03 0.98 51 0.59 Dec-13 0.83 54 0.00
Mar-04 0.94 33 0.06 Mar-14 0.86 25 0.00
Jun-04 0.93 41 0.01 Jun-14 0.92 35 0.01
Sep-04 0.98 61 0.56 Sep-14 0.94 53 0.01
Dec-04 0.95 65 0.01 Dec-14 0.96 49 0.10
Mar-05 0.92 38 0.01 Mar-15 0.98 33 0.80
Jun-05 0.93 56 0.00 Jun-15 0.96 33 0.28
Sep-05 0.99 61 0.67 Sep-15 0.85 37 0.00
Dec-05 0.94 69 0.00 Dec-15 0.78 30 0.00
Mar-06 0.95 33 0.13 Mar-16 0.90 27 0.01
Jun-06 0.94 61 0.00 Jun-16 0.98 32 0.91
Sep-06 0.89 75 0.00 Sep-16 0.87 33 0.00
Dec-06 0.97 56 0.18 Dec-16 0.88 29 0.00
Mar-07 0.99 46 0.92 Mar-17 0.90 25 0.02
Jun-07 0.98 51 0.65 Jun-17 0.99 26 1.00
Sep-07 0.90 52 0.00 Sep-17 0.96 25 0.50
Dec-07 0.97 35 0.55 Dec-17 0.92 31 0.02
Mar-08 0.95 37 0.07 Mar-18 0.96 29 0.37
Jun-08 0.97 31 0.59 Jun-18 0.97 27 0.50
Sep-08 0.98 16 0.92
Dec-08 0.97 15 0.89

Shapiro-WilkShapiro-Wilk
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Appendix 4 Shapiro-Wilk tests of underlying (log) yields: London 

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning  

 

Statistic df Sig. Statistic df Sig.
Mar-99 0.88 34 0.00 Mar-09 0.93 16 0.20
Jun-99 0.97 31 0.59 Jun-09 0.99 32 0.96
Sep-99 0.97 24 0.62 Sep-09 0.97 36 0.43
Dec-99 0.95 43 0.08 Dec-09 0.97 36 0.52
Mar-00 0.97 37 0.32 Mar-10 0.97 42 0.30
Jun-00 0.92 21 0.10 Jun-10 0.99 45 0.85
Sep-00 0.93 17 0.26 Sep-10 0.96 35 0.18
Dec-00 0.94 21 0.27 Dec-10 0.96 45 0.13
Mar-01 0.96 32 0.25 Mar-11 0.97 25 0.61
Jun-01 0.97 44 0.23 Jun-11 0.98 29 0.78
Sep-01 0.97 53 0.21 Sep-11 0.98 36 0.85
Dec-01 0.98 51 0.56 Dec-11 0.98 29 0.72
Mar-02 0.98 27 0.87 Mar-12 0.94 35 0.08
Jun-02 0.97 40 0.48 Jun-12 0.99 44 0.83
Sep-02 0.99 45 0.99 Sep-12 0.96 42 0.15
Dec-02 0.98 53 0.50 Dec-12 0.97 45 0.36
Mar-03 0.97 24 0.77 Mar-13 0.99 41 0.87
Jun-03 0.95 45 0.06 Jun-13 0.98 46 0.74
Sep-03 0.87 37 0.00 Sep-13 0.98 65 0.24
Dec-03 0.95 51 0.03 Dec-13 0.95 54 0.02
Mar-04 0.90 33 0.01 Mar-14 0.94 25 0.18
Jun-04 0.96 41 0.12 Jun-14 0.98 35 0.85
Sep-04 0.99 61 0.77 Sep-14 0.99 53 0.89
Dec-04 0.97 65 0.09 Dec-14 0.99 49 0.91
Mar-05 0.96 38 0.23 Mar-15 0.97 33 0.55
Jun-05 0.96 56 0.08 Jun-15 0.98 33 0.67
Sep-05 0.99 61 0.78 Sep-15 0.95 37 0.07
Dec-05 0.98 69 0.29 Dec-15 0.91 30 0.01
Mar-06 0.89 33 0.00 Mar-16 0.93 27 0.08
Jun-06 0.98 61 0.27 Jun-16 0.99 32 0.97
Sep-06 0.98 75 0.14 Sep-16 0.96 33 0.27
Dec-06 0.99 56 0.77 Dec-16 0.95 29 0.21
Mar-07 0.98 46 0.55 Mar-17 0.86 25 0.00
Jun-07 0.97 51 0.23 Jun-17 0.97 26 0.67
Sep-07 0.97 52 0.13 Sep-17 0.97 25 0.56
Dec-07 0.97 35 0.49 Dec-17 0.97 31 0.43
Mar-08 0.94 37 0.06 Mar-18 0.97 29 0.56
Jun-08 0.96 31 0.34 Jun-18 0.98 27 0.75
Sep-08 0.96 16 0.58
Dec-08 0.95 15 0.57

Shapiro-Wilk Shapiro-Wilk
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Appendix 5 Shapiro-Wilk tests of underlying yields: Rest of UK  

 

Source: Author’s calculations based on PropertyData filtered by stage 3 cleaning  

 

Statistic df Sig. Statistic df Sig.
Mar-99 0.96 22 0.52 Mar-09 0.93 11 0.42
Jun-99 0.92 31 0.03 Jun-09 0.97 14 0.88
Sep-99 0.99 36 0.98 Sep-09 0.69 8 0.00
Dec-99 0.97 59 0.19 Dec-09 0.98 23 0.89
Mar-00 0.99 42 0.99 Mar-10 0.98 20 0.85
Jun-00 0.98 35 0.77 Jun-10 0.97 28 0.63
Sep-00 0.93 19 0.20 Sep-10 0.96 24 0.42
Dec-00 0.95 21 0.31 Dec-10 0.95 26 0.26
Mar-01 0.96 28 0.26 Mar-11 0.97 21 0.80
Jun-01 0.97 37 0.29 Jun-11 0.97 15 0.79
Sep-01 0.98 49 0.47 Sep-11 0.92 14 0.20
Dec-01 0.91 45 0.00 Dec-11 0.89 19 0.03
Mar-02 0.95 40 0.07 Mar-12 0.94 18 0.30
Jun-02 0.97 47 0.26 Jun-12 0.94 17 0.26
Sep-02 0.96 63 0.06 Sep-12 0.94 13 0.51
Dec-02 0.98 79 0.23 Dec-12 0.95 13 0.58
Mar-03 0.98 50 0.35 Mar-13 0.94 14 0.43
Jun-03 0.98 45 0.54 Jun-13 0.97 17 0.73
Sep-03 0.98 50 0.65 Sep-13 0.95 26 0.19
Dec-03 0.98 77 0.34 Dec-13 0.93 33 0.03
Mar-04 0.97 55 0.28 Mar-14 0.95 21 0.29
Jun-04 0.89 55 0.00 Jun-14 0.96 23 0.43
Sep-04 0.95 46 0.05 Sep-14 0.97 34 0.45
Dec-04 0.97 83 0.08 Dec-14 0.94 46 0.02
Mar-05 0.99 46 0.82 Mar-15 0.98 33 0.67
Jun-05 0.96 56 0.07 Jun-15 0.98 41 0.48
Sep-05 0.88 52 0.00 Sep-15 0.96 34 0.22
Dec-05 0.97 38 0.28 Dec-15 0.97 46 0.29
Mar-06 0.99 48 0.95 Mar-16 0.97 36 0.46
Jun-06 0.97 46 0.21 Jun-16 0.99 27 0.99
Sep-06 0.96 55 0.06 Sep-16 0.92 31 0.02
Dec-06 0.98 51 0.46 Dec-16 0.96 40 0.17
Mar-07 0.97 55 0.14 Mar-17 0.98 30 0.86
Jun-07 0.95 59 0.01 Jun-17 0.96 35 0.22
Sep-07 0.93 30 0.06 Sep-17 0.94 26 0.10
Dec-07 0.92 23 0.06 Dec-17 0.93 39 0.02
Mar-08 0.97 24 0.61 Mar-18 0.97 19 0.72
Jun-08 0.95 23 0.30 Jun-18 0.95 25 0.29
Sep-08 0.82 12 0.02
Dec-08 0.98 11 0.96

Shapiro-Wilk Shapiro-Wilk
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