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Chapter 1 

Introduction and overview 

The often quoted saying that, ‘An Englishman’s home is his castle’, betrays the psychological 

relationship that exists between English people, and more broadly people from the UK, and 

the ownership of residential properties. This is reflected in the tenure choice of households in 

the UK with a very clear preference for home ownership as opposed to renting. Resulting in 

approximately 70% of households owning, or being in the process of buying, their own home 

(ONS 2009). Furthermore this percentage has increased from 43 percent in 1959 to 70% in 

2009. At the same time the availability of rental property has declined from approximately 10 

million dwellings in 1971 to 8 million dwellings in 2007.
1
 The latter trend being accelerated 

by the ‘right to buy’ policies of the first Thatcher administration (1979-1983), which was  

introduced in the 1980 ‘Housing Act’, where owners of state provided rental property were 

given the right to buy their rented homes, in almost all instances at heavy discounts with 

respect to their market value. Not surprisingly the policy proved to be exceptionally popular. 

The boom in residential properties in the UK up to quarter three of 2007, when prices 

increased by 134% in real terms from their values at the bottom of the cycle in the third 

quarter of 1995; and the subsequent fall in real house prices, by 22% in real terms into the 

middle of 2010 caused a frenzy of interest in UK house prices in both the popular press and 

the academic community. However, as Muellbauer and Murphy (2008) observe, in recent 

years the boom in residential property values has been an international phenomenon, with 

notable exception in Japan and Germany. Furthermore, the decline in property values 

experienced in the UK recently, has been replicated to a greater or lesser extent in many of 

those economies who enjoyed boom years.  

Given the importance of home ownership to the UK population, the pronounced cyclical 

pattern of nominal and real house price movements and the importance of housing wealth as 

a driver of general macroeconomic activity in the UK, this dissertation seeks to examine a 

number of pertinent issues with respect to the UK, owner occupied, residential property 

market. 

                                                           
1
 Table 101 ‘dwelling stock by tenure: UK historical series’ Housing statistics, UK Department for 

Communities and Local Government. 
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Chapter 2 examines the drivers of real house prices in the UK and within the regions of the 

UK. In order to do this a reduced form long run house price equation is estimated. The 

estimation process then employs an error correction model to examine the manner and speed 

at which real house prices adjust to their long run equilibrium values. The starting point for 

the analysis is the approach adopted by IMF (2003, 2005). The analysis departs from the IMF 

approach by introducing additional variables into the long run real house price equation, IMF 

(2003, 2005) suggested that long run real house prices were driven by real household 

disposable income and real interest rates only.  In doing so the paper examines drivers of long 

term house prices which may be argued to reflect ‘market psychology’ (Shiller 2007) drivers 

of real house prices, such as, buyers expectations of future price increases and  a desire, on 

the part of potential house buyers,  to enter the market before houses become unaffordable. 

Additional  fundamental economic drivers, such as, the ratio of housing user costs to housing 

rental values, are also modelled, as this ratio would be expected to influence the tenure 

decision between buying or renting.  The model that is developed for the UK as a whole is 

then applied to a selected number of the UK regional residential property markets. The results 

of the latter analysis are interesting with respect to the extent to which a North: South divide 

can be identified within the UK residential property market and the extent to which 

movements in house prices in London impact house price movements in the UK regions. 

Chapter 3 examines the impact of the imposition of a road traffic congestion charge on 

residential property values in the area which was subject to the congestion charge in central 

London. This essay was co-authored with Joe Nellis and was published in the International 

Journal of Economics and Business Research (Vol. 3, No. 5, pp 576-592). The focus of this 

paper is to examine the extent to which an improvement in environmental amenity is 

capitalised into residential property prices. The improvements in environmental amenity 

being reduced traffic congestion for those people living in the congestion charge zone in the 

centre of London, increased speed of public transport, specifically buses, reduced pollution 

and reduced accidents. The paper employs the hedonic pricing methodology (Rosen, 1974) to 

identify the impact of the introduction of a congestion charge while controlling for all of the 

housing  and neighbourhood characteristics influences on residential property prices. This 

paper employs an exceptionally rich data set which allows for the examination of any 

‘anticipatory’ impact on residential property values after the congestion charge scheme was 

announced but before it was  introduced. Subsequently, the paper then examines the impact 
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on residential property values after the congestion charge was introduced and residents have 

the opportunity to experience and evaluate the improvement in environmental amenity.  

Chapter 4 examines the impact of state secondary school performance on residential property 

prices in seven major English cities. This essay was co-authored with Joe Nellis and was 

published in Panoeconomicus (Vol. 57, No. 4, pp 405-428). This paper employs the hedonic 

pricing methodology to examine the extent to which parents are willing to pay higher prices 

for their property if it gives them access to a high performing school. The measure of school 

performance being the proportion of students, as a percentage of the student body, who obtain 

5 or more passes at grades A*-C in their General Certificate of Secondary Education (GCSE) 

examinations, which students typically sit at aged 16. 

Following the 1988 Education Act schools were required to publish the percentage of 

students who gained 5 or more passes at grades A*-C in their GCSE examinations. Schools 

that performed well, by this measure, then experienced an increased demand for their 

educational services. At the point where demand for places at a school exceeded supply a 

rationing system had to be introduced. A central feature of the rationing system adopted by 

all education authorities in England was that preference would be given to students who lived 

in closer geographical proximity to the school. This paper seeks to identify the existence of a 

house price premium due to an increased demand for properties located close to high 

performing schools. Again due to an exceptionally rich data set we are able to undertake this 

analysis in seven major English cities, London, Manchester, Birmingham, Leeds, Bristol, 

Newcastle and Liverpool. 

 Chapter 5 examines the impact of residential property prices on two major UK cities, 

focusing on those cities with the largest difference in school performance. This essay was co-

authored with Joe Nellis and was published in Global Business and Economics Review (Vol. 

13, No. 2, pp168-184). This paper is an extension of the analysis reported in chapter 4. Again 

the hedonic pricing methodology is employed. This paper focuses on the two cities within our 

seven city analysis, reported in chapter4, that have the greatest difference in terms of school 

performance, both in terms of  absolute performance, the percentage of students passing 5 or 

more GCSE examinations at grades A*-C and the improvement in that performance over 

time. Our analysis clearly demonstrates that Bristol which has the lowest percentage of 

students passing 5 or more GCSE examinations at grades A*-C of all the cities in our study 

of seven English cities, has a higher house price premium for properties located close to high 
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performing schools within Bristol. The paper compares Bristol with London where a high 

proportion of students achieve 5 or more passes at grades A*-C in the GCSE examinations. 

Chapter 6 examines factors determining the level of mortgage arrears in the UK housing 

market. This essay was co-authored with Joe Nellis and Catarina Figueira and was published 

in Urban Studies (Vol. 42, No. 10, pp1755-1769).  This paper employs a data set provided by 

a consortium of mortgage lenders in the UK. It seeks to explain a marked decline in mortgage 

arrears that had been experienced by major lenders at the end of the 1990’s and the early part 

of this century, compared to the period 1990-95. The paper sought to identify the drivers of 

mortgage arrears, specifically the Johansen (1988) methodology was employed to identify a 

cointegrating vector which described the long run relationship between the value of arrears as 

a proportion of the value of outstanding mortgages. An error correction model was then 

developed to examine the relationship between long run and short run dynamics in mortgage 

arrears. The key contribution of this paper is the role that un-withdrawn housing equity plays 

in reducing the extent of arrears on the loan book of major mortgage lenders. 

Finally, chapter 7 provides an overview of areas for further research that the papers in this 

dissertation suggest would be worthy of consideration.  

References: 

IMF(2003) ‘United Kingdom  Selected Issues’ IMF Country Report No. 03/47. 

 

IMF (2005), ‘An Error Correction Model of House Prices’, United Kingdom: Selected Issues, 

IMF Country Report No. 05/81. 

 

Johansen, S.J. (1988) ‘Statistical analysis of co-integration vectors’ Journal of Economic 

Dynamics and Control, Vol 12, pp 231-54. 

 

Muellbauer, J. and Murphy, A. (2008), ‘Housing Markets and the Economy: An Assessment’ 

Oxford Review of Economic Policy, Vol. 24, No. 1, pp.1-33. 

ONS (2009) ‘Wealth in Great Britain: Main results from the wealth and assets survey 

2006/08’, Office of Public Sector Information, Richmond Surrey UK. 

 

Rosen, S. (1974), “Hedonic prices and implicit markets: Product differentiation in pure 

competition”, Journal of Political Economy, 82, 34-55. 

 

Shiller, R. (2007), ‘Understanding Recent Trends in House Prices and Home Ownership’, 

paper presented at Housing, Housing Finance and Monetary Policy Symposium, sponsored 
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by the Federal Reserve Bank of Kansas city, Jackson Hole, WY, 30 August - 1 September, 

89-124.  
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Chapter 2 

A national and regional analysis of the long run drivers of UK residential property 

prices 1984-2009. 

Abstract 

This paper seeks to develop a long run real house price equation for the UK. In doing so 

the influence of fundamental drivers of housing demand and supply are investigated 

alongside behavioural drivers of UK house prices. The result is a long run house price 

equation that explicitly models behavioural drivers of house prices as part of a long run 

relationship where those determinants may have been historically seen as part of a 

process that  created  house price’ bubbles’. Having developed a long run price equation, 

an error correction model is estimated to examine the speed with which prices adjust to 

their underlying long run values. Of specific interest in this context is the extent to which 

there are a-symmetries in the adjustment process. 

Finally, the preferred long run house price relationship for the UK is applied to regional 

house price data to examine the extent to which drivers of real house prices at the UK 

level can effectively explain the variability in real house prices at a regional level.  

 

1. Introduction 

As house prices in the UK boomed in the period up to the third quarter (Q3) of 2007, 

discussions of movements’ in house prices and the level of house prices became a national 

obsession. This was hardly surprising as by 2007, 68 percent of UK households owned, or 

were in the process of buying, their own house. Furthermore 67% of UK households non-

pension wealth is accounted for by the value of their housing equity (ONS 2009). However 

the central role that housing plays in the UK economy is illustrated by the following quote 

from Baker (2010) writing in the Guardian newspaper. 

Politicians and the media continue to refer to the economic downturn as being the 

result of a financial crisis. This is wrong. We have 1.5 million people out of work 

because the housing bubble that drove the economy since the last recession finally 

burst. The financial crisis may have been good entertainment for those who like to see 

huge banks collapse, but it was a sidebar. The real story was the rise and demise of 

the housing bubble. 
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The extent to which the value of residential properties was at the centre of the UK psyche is 

illustrated by the following quote from Lancaster (2008) writing in the Guardian newspaper. 

One of my most vivid memories of the late 80s property bubble was how insanely 

boring it made so much conversation. There were dinner parties at which people 

spoke about literally nothing but the need to "get on the property ladder" 

The feelings expressed in the popular press, that there had been a boom in property prices in 

the UK which was due to the populations obsession with residential property and an 

overwhelming desire to ‘get into property’ was mirrored by analysis of the UK residential 

property market in the academic literature. The key issues the literature sought to address 

included: the drivers of UK real residential property prices, the extent to which price was 

being driven by economic fundamentals, such as the level of household income or by 

behavioural factors, examples being, expectations of future price increases or a belief that 

potential house buyers had to ‘get on the property ladder’ now or face being priced out of the 

market. An excellent overview of the literature is provided in Muellbauer and Murphy (2008)   

The paper seeks to make four contributions to the existing literature on UK real house prices. 

Firstly, the error correction model developed in IMF (2003, 2005) is re-estimated for the UK 

residential property market to test the extent to which this model continues to perform 

robustly when data for the period 2005-2009 is added to the data set. The IMF (2003, 2004) 

model employs a narrow set of explanatory variables, specifically real interest rates and the 

level of real household disposable income to explain real house prices in the UK. The second 

contribution that this paper makes is to examine the extent to which the addition of further 

explanatory variables improves the effectiveness of the IMF model. In adding additional 

explanatory variables this paper seeks to distinguish between ‘fundamental’ economic drivers 

of real house prices and ‘behavioural’ drivers of real house prices. 

The third contribution that this paper makes is to examine the extent to which asymmetries 

exist in the short run adjustment process of real house prices to their long run equilibrium 

values. Such asymmetries had been identified in previous studies for the UK by Cook (2006) 

and in Australia by Abelson et al. (2005) in Australia. The final contribution of this paper is 

to examine the extent to which increases in London house prices impact house price 

movements in other regions of the UK. Such ‘ripple’ effects have been found to exist by 

Meen (1999) and Cook (2003). 
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The remainder of the paper is organized as follows. Section 2 provides an overview of 

movements in UK house prices and UK regional house price movements, during the period 

1984 to 2009.  Section 3 reviews the literature on the economic drivers of residential property 

prices in the UK. Section 4 describes the data set that has been employed in this analysis. 

Section 5 discusses the modelling framework that has been adopted. Section 6 examines the 

results of the UK and regional house price modelling that has been undertaken. Section 7 

provides a discussion of the findings.  

2. UK House prices 1984-2009 

Average house prices in the UK have increased by 273% in real terms since 1959. This 

represents an annual average real price increase of 2.7% (HBoS 2010). During that period 

there have been regional variations in price increases. Reliable regional data is only available 

from 1969, in the period 1969 to 2009 London, recorded the largest increase in annual real 

prices of 3%. Over the period 1959 to 2010, prices grew at their fastest rate in the last decade 

to 2010, increasing by 62%, just ahead of the real price increase recorded in the 1980’s of 

61%. During the period since 1959 the UK housing market has gone through clearly 

observable cycles with four distinct periods of rapid real price increase; 1971-73, 1977-80, 

1985-89 and 1998-2007. In all cases the period of rapid price increase was followed by 

significant reductions in real prices. 

The structure of the UK owner occupied market has changed in a number of important ways 

since 1959. The number of people owning or in the process of buying their own home has 

increased from 43% of all households in 1959 to 68% in 2007. This was boosted by the ‘right 

to buy’ policies instituted by the first Thatcher administration in 1981 where approximately 

1.3 million social housing units (publically owned houses) were sold,  into the private (owner 

occupied) sector over a period of ten years.  

A specific trend which must be noted in terms of the modelling challenge faced by this paper 

is the change in housing quality over the period of study. In relation to housing quality it is 

essential that a longitudinal study of this type that changes in housing quality over time are 

allowed for when modelling house prices.  For example houses lacking WC facilities inside 

the house fell from 14% in 1960 to 0.2% in 1996. Households without a basic hot water 
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supply fell from 22% in 1967 to 1% in 1991. Households with central heating increased from 

35% in 1971 to 92% in 2000
2
.  

Figure 1 below shows the UK quarterly mix
3
 adjusted real house price from January 1983 to 

January 2009, based on January 1983 Prices. This data is provided by Halifax Bank of 

Scotland (HBoS), now part of the Lloyds Bank Group. The index is still colloquially referred 

to as the Halifax House Price Index.  

Figure 1: UK Real Mix Adjusted House Price (January 1983 Prices) 

Real average house prices taken from the Halifax Bank of Scotland house price database. The database contains 

over 1.3 million records of house purchases over the period 1983 -2009. Average prices are based on a 

standardised house, which is the average price of housing, taking into account any changes that may occur in the 

quality of housing over time. 

(Data Source Halifax Bank of Scotland, HBoS) 

 

Inspection of figure 1 clearly indicates that there have been two distinct peaks in UK house 

prices over the period 1984-2009. In the first cycle house prices peaked in quarter 1 of 1989 

before falling 34% in real terms to the trough in the cycle which occurred in quarter 3 of 

1995. From this trough prices rose by 134%, in real terms, to the second peak in the data 

which occurred in quarter 2 of 2007. Up to the end of quarter 2 of 2010 prices had fallen by 

22%, in real terms, from their quarter 2 of 2007 peak. Over the period, house prices increased 

by 163%, in real terms between 1983 and the peak in the market in quarter 2, 2007, this 

                                                           
2
  Holmans, A.E.  Historical Statistics of Housing in Britain’ Cambridge Centre for Housing and Planning 

Research, University of Cambridge. 
3
 It should be noted that these figures allow for the changes in housing quality over the period and the mix of 

different types of housing in the database collated by HBoS. This is important as Abelson and Chung (2004) 

suggested that the quality of the housing stock increases by 1% per annum on average, based on a study of 

Australian properties over the period 1970-2003.  
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represents an annual compound rate of increase of 4.06%. As the 1983 was not a peak year 

for house prices it may be more appropriate to express the annual compound rate of increase 

in house prices across a complete cycle. Taking the peak in the first cycle at quarter 1 in 1989 

and the peak in the second cycle at quarter 2 2007 the compound annual rate of increase in 

the real mix adjusted price is 2.61%. This value confirms that calculated by Barker (2004) 

which suggested that UK real house price inflation had been 2.7% in the preceding twenty 

years.   

At the end of quarter 3, 2007 the Halifax House Price Index reported that the average price of 

a standardised house in the UK had reached £199,766, current prices. By the end of quarter 

two in 2009 the same standardised house had fallen in value to £157,676 a fall of just over 

21%.
4
  

In the years preceding this significant reduction in nominal house prices there had been a 

vigorous debate in the academic literature and in the popular press as to whether a price 

bubble existed in the market for UK residential properties. On one side of the debate Barrell 

et al. (2004) and the IMF (2005) argued that the UK housing market was 30% overvalued in 

2003. It should be noted that the Halifax House Price Index indicates that house prices which 

were deemed to be overvalued by the above authors in 2003 grew by a further 60% between 

quarter 1 2003 and the peak average price of £199,766 in quarter 3 2007. On the other side of 

the debate Nickell (2005) and Cameron et al. (2006) argued that there was no evidence of a 

price bubble in the UK housing market in the years preceding 2003.Camerron et al. (2006) 

estimated their model using data up to 1996 and then forecasted forward to 2003. They 

suggested that the growth in house prices between 1996 and 2003 could be ‘largely’ 

explained by the combination of income growth, higher population growth, lower interest 

rates and low rates of house building. Interestingly the same authors then went on to simulate 

house price developments for the period 2004 – 2010 and concluded that only very 

pessimistic scenarios about movements in housing demand fundamentals would result in 

significant nominal house price reductions. 

Regional house prices 1984-2009 

Regional house prices in the UK have been subject to significant research attention over the 

last twenty five years. Of specific interest has been the extent to which a ripple effect exists 

whereby increases in house prices in London and the South East of London are transmitted to 

                                                           
4
 http://www.lloydsbankinggroup.com/media1/research/halifax_hpi.asp  

http://www.lloydsbankinggroup.com/media1/research/halifax_hpi.asp
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the other regions of the UK. Initially work by Drake (1993), Alexander and Barrow (1994), 

Peterson et al. (2002) and Cook and Thomas (2003) employed varying methodologies to 

examine the extent to which price movements in the South East of England ‘lead’ house price 

movements in the rest of the UK. This body of work provided evidence of a long run 

relationship between regional house prices series which suggested that there was empirical 

support for the existence of a ripple effect emanating from the South East of England and 

permeating the UK regions. Cook (2003) suggests that while there is a body of empirical 

support for the existence of a ripple effect ... ‘the literature offers little in the form of 

convincing theoretical explanation.’ However Meen (1999) does provide a potential 

taxonomy of theoretical explanations for the ripple effect in the UK housing market. He 

suggests that migration, equity transfer, spatial arbitrage, and spatial patterns in the 

determinants of house prices potentially provide a theoretical rationale for the observed 

existence of ripple effects.  

The migration theory is intuitively pleasing suggesting that if house prices are relatively high 

in the South East of England home owners will migrate to the North where prices are 

cheaper, on a mix adjusted basis. The problem with this theory is that regional immigration 

flows in the UK are low and Gordon (1990) suggests that where they exist they are not driven 

by house price differentials. Stein (1995) and Muellbauer and Murphy (1994) investigated the 

equity transfer theory, the basic suggestion being that previous movements in house prices 

impact current prices because they measure the extent to which home owners have been able 

to accumulate equity in their existing properties. This equity can then be leveraged in 

subsequent purchases of different properties. To the extent that prices in London and the 

South East have appreciated to a greater extent than those in other areas of the country this 

gives the owners of those houses greater equity to push up prices as they move elsewhere in 

the country. The spatial arbitrage model relies on the assumption that housing markets are 

efficient. Pollakowski and Ray (1997) found evidence that rising prices in local housing sub 

markets fed gradually into other sub markets. Finally, spatial patterns in the determinants of 

house prices is an explanation that is preferred by Holmans (1990; 1995). The theoretical 

model employed here suggests that the observed correlation of house prices across the UK 

regions can occur even if there are no spatial links between the individual regional markets. 

All that is required is for the explanatory variables in regional house price equations to follow 

similar patterns over time. Hence the tendency for regional house price differentials to widen 

in the 1980s is attributed to the economic strength of the South East, where the narrowing of 
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the same differential in the 1990s is explained by a disproportionately severe period of 

recession in the South East compared to the rest of the UK. 

Meen (1999) in providing a theoretical explanation of the ‘ripple’ effect which emanates 

from the South East throughout the UK housing market provides a theoretical framework for  

what Gyourko et al. (2006) refer to as the superstar city effect. They point out that differences 

in house prices across different metropolitan areas, in their case in the US, may exist due to 

the spatial skewness of incomes combined with the inelastic supply of land in specific 

locations. This combination creates a potent mix causing prices to appreciate at higher rates 

in super star cities. This has the effect of sorting higher income families into these cities, 

thereby causing further appreciation of house prices in superstar cities, in doing so Gyourko 

et al. (2006) add a degree of sophistication to spatial patterns theory of regional house price 

differentials. The same authors however, do not discuss the impact on the ‘market 

psychology’ in the broader housing market of an appreciation of prices in superstar cities, 

which Shiller (2007) alludes to.  

For example, to what extent do stories of rapid price appreciation in a superstar city such as 

London create an expectation that prices will rise in the rest of the UK. These expectations 

are developed on the basis of the belief that London leads and the rest of the UK housing 

market follows. As discussed above by Meen (1999) and Cook (2003), there is a significant 

body of econometric evidence to suggest that the development of such expectations is 

justified. This suggests that a further element could be added to Meen’s taxonomy of 

theoretical explanations of the ‘ripple’ effect in UK regional housing markets. That is the 

ripple effect could be enhanced by a market psychology effect stimulated by appreciating 

prices in superstar cities, in the case of the UK the most obvious candidate for superstar city 

status being London.  

Figure 2 below illustrates the correlation in house prices across the UK regions.  
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Figure 2: UK Regional house price indices 1984-2010 (Q1 1993=100) 

Regional house price indices are calculated in the same way as the UK index in Table 1, that is on a mix 

adjusted basis. The data is drawn from the Nationwide Building Society house price database. The UK for 

economic planning purposes is subdivided into 12 regions, nine English regions; North, Yorkshire and 

Humberside (Y&H), North West (N West), East Midlands (East Mid), West Midlands (W Mid), East Anglia 

(East A), Outer South East (OSE), London (London), South West (S West) and  Scotland (Scot) ,Wales, and 

Northern Ireland (NI). 

(Data Source: Nationwide Building Society) 

 

 

Inspection of figure 2 immediately highlights the ‘special case’ of Northern Ireland, the a-

typical spike in residential property prices in that part of the UK may be due to exceptional 

circumstances such as a ‘peace dividend’ due to the political initiative of the early years of 

this century perhaps combined with a ‘spill over effect’ from rapidly increasing property 

prices in the Republic of Ireland.  

The above data clearly illustrates that in both nominal and real terms there have been periods 

of boom and bust in residential property prices in the UK at a national and a regional level 

over the period 1984 to 2009.  Furthermore as table 1 below illustrates that over the period 

1998-2009 there is a remarkable correlation between price movements across the regions of 

the UK, both in terms of the rate at which prices increased, in the most recent cycle in the UK 
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residential property market, and the rate at which prices fell. It is also true that those regions 

which appear to have diverged from the general trend Northern Ireland and Scotland are 

exhibiting behaviour which is consistent with previous analysis of regional housing prices, 

Cook (2006) and Ashworth and Parker (1997). This suggests that these regional housing 

markets are structurally different from the rest of the UK regions. Historically such 

differences have been associated with lower levels of owner occupation in Northern Ireland 

and Scotland as well as higher levels of local authority owned property. 

 

Table 1:  Regional rise and fall in UK  nominal house prices 1998-2009  

This table examines the growth and subsequent decline in nominal prices over an eleven year period prior 2009 

quarter 1. The price growth in each region of the UK is calculated on the basis of a simple average of the growth 

in prices recorded by the Halifax Bank of Scotland database and the Nationwide Building Society database. 

Data source: Halifax Bank of Scotland and Nationwide Building Society 

1998 Q1 to 2007 Q3 2007 Q3 to 2009 Q1 

Region Price Growth Region Price Growth 

Northern Ireland 302.9 Northern Ireland -33.0 

London 205.8 London -21.9 

South West 200.0 Wales -20.6 

Wales 199.6 Outer South East -20.5 

East Anglia 193.0 East Anglia -19.8 

UK 185.9 East Midlands -18.9 

Yorkshire and Humberside 

  HHumbererside 

Humberside 

185.7 UK -18.7 

North 185.5 Yorkshire and Humberside -18.3 

East Midlands 184.7 North West -18.0 

Outer South East 183.3 South West -16.5 

North West 178.2 West Midlands -15.9 

West Midlands 159.7 North -13.7 

Scotland 149.9 Scotland -12.6 

 

It should be noted that rapid appreciation of real house prices in the period up to the middle 

of 2007 was not confined to the UK. Shiller (2007) suggested that; 

‘Dramatic home price booms since the late 1990’s have been evident in Australia, 

Canada, China, France, India, Ireland, Italy, Korea, Russia, Spain, the United 

Kingdom, and the United States among other countries’ 
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OECD (2007) suggested that nominal house price inflation in 2006 exceeded ten percent per 

annum in 8 of the 18 OECD member states studied. Real house price inflation exceeded ten 

percent in five of these countries. This led to a heated debate in the academic literature 

seeking to address the issue of the extent to which a bubble existed in residential property 

markets. (Barell et al. 2004; Case and Shiller 2003;IMF 2005; Muellbauer and Murphy 2008; 

Nickell 2005; Shiller 2007). The literature was exercised by the extent to which residential 

property prices had exceeded those levels which could be reasonably be expected on the basis 

of house price fundamentals. At this point a number of authors, most notably Shiller, began to 

question the extent to which behavioural factors were driving house prices and the extent to 

which these behavioural factors had been successfully modelled in the past. This paper seeks 

to address the explicit modelling of these behavioural/psychological drivers of real residential 

property values in the UK. 

3. Drivers of UK house prices. 

Fundamental drivers of house prices 

Real house price movements can be expressed in their most fundamental form as being 

driven by differences in the level of housing supply and housing demand.  

   -      =       -   )     (1) 

Where    is the real mix adjusted house price,    is the demand for housing and    is the 

supply of housing. Differences in demand and supply create a disequilibrium impact on house 

prices. Specifically situations where demand is greater than supply will cause prices to 

increase and excess supplies of housing in the absence of buyers will cause the house price to 

fall. The existing econometric literature seeks most frequently to estimate a house price 

model which is of the inverted demand curve specification.  

                      (2) 

Where      is the real mix adjusted house price,      is real household disposable 

income and    is a vector of variables that will shift the demand for and or supply of housing. 

Theory then suggests that the demand for housing can be driven by a number of variables. 

While theory does not provide a finite list of explanatory variables a review of the literature 

(Abelson et a., 2005; Breedon and Joyce, 1993; Hendry, 1994; Meen 1990; Muellbauer and 

Murphy 1997 and  Nellis and Longbottom, 1981) suggests that the factors which influence 

the demand for housing would include: real household disposable income, real rates of 



22 
 

interest, and factors which caused household wealth to increase for example an increase in 

equity values. In major international cities, for example London, the exchange rate could 

influence the demand for housing, depreciation in the exchange rate making properties more 

attractive to potential overseas purchasers. A measure of inflation may be included as 

Abelson et al (2005) suggest to reflect the after tax investment advantages of housing as an 

asset in conditions of rising prices. That is, the rental and capital values of property increase 

with inflation while the real funding costs fall. Unemployment rates are often included in 

house price equations to reflect the impact of general economic conditions on housing 

demand and more specifically the impact of reduced expectations as to future income streams 

on the demand for housing in the present time period.
5
  

Demographics such as population levels and the rate of household formation will also impact 

demand. The behaviour of first time buyers in the market is worthy of investigation, not only 

in the context of demography, which is the basis upon which they enter the usual inverted 

demand curve analysis of house prices. But also in terms of the extent to which they account 

for a greater proportion of house price activity adjusted for their representation in the overall 

population. Therefore it may be possible to explain house price booms in part by examining 

changes in the proportion of purchases which are accounted for by first time buyers as the 

market starts to ‘boom’. This is of course fraught with challenges as the proportion of first 

time buyers can be artificially enhanced by the lending practices of banks. For example as 

house prices accelerate into a housing boom, the affordability constraint on first time buyers 

can to an extent be alleviated by banks changing their lending policies to allow greater 

multiples of single and joint incomes to be advanced and or smaller down payments as a 

proportion of the property selling price. 

Some models of house prices include the cost of building new houses, Bourassa and 

Hendershott (1995) and Bodman and Crosby (2003). However Abelson (2005) argues that 

there is little justification for this on the grounds that in the short run the price of new houses 

are determined by the existing stock of houses. The cost of new housing can only 

significantly impact the price of housing if the supply of new housing is substantial with 

respect to the supply of the overall housing stock. The supply of housing in the UK does not 

                                                           
5
 The method which is employed to sell houses could impact the selling price (auction as opposed to the normal 

process of selling) this influence is not allowed for as the proportion of UK house sales conducted at auctions is 

very low. Interestingly Stevenson, S., Gurdgiev, C., A Comparison of the Appraisal Process for Auction and 

Private Treaty Residential Sales, Journal of Housing Economics (2010), found that properties that were sold at 

auction tended to sell for a premium compared to those sold via the private treaty process. 
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change much from year to year. Owner occupied properties experienced a 1.41 percent 

compound annual growth rate over the period 1984 to 2009. While the total housing supply in 

the UK, including
6
 rental property, grew at a compound rate of only 0.82 percent per annum 

over the same period. These figures hide a more fundamental problem with housing supply as 

identified by Barker (2004). In her report Barker noted 

Over the ten years to 2002, output (construction) of new homes was 12.5 per cent 

lower than for the previous ten years. 

Barker then went on to suggest that this had contributed substantially to real house price 

inflation in the UK over the previous twenty years which at 2.7% per annum was running at 

twice the EU average. Immigration into the UK does not appear to have had any impact on 

house prices or housing shortages. This is not surprising since Blanchflower (2007) et al. 

found that over the period 1971 and 2004 only Germany of the EU15 countries had a 

population growth that was lower than the UK. Gordon et al. (2007) suggest that the  foreign 

born population in London grew from one to two million in the preceding twenty years. They 

also note that net immigration into London tends to displace existing residents, at a ratio of 

‘one for two’ with most people leaving London and moving into the South East of England. 

Furthermore Gordon et al. found that new migrants formed fewer households than the 

indigenous residents and lived disproportionately in the private rented sector. They therefore 

conclude that even in London immigration has not impacted house prices. These finding are 

supported by Vargas-Silva (2011) who found that immigrants have lower home ownership 

rates, only 46% owned their homes in 2010 compared to a figure of 70% for the indigenous 

population. Vargas- Silva states; 

‘There is little evidence on the impact of immigration on house prices and rents in the 

UK. Some evidence suggests that the housing shortage would continue even with zero 

net migration.’ 

A final factor which influences the demand for housing is the user cost of housing. One 

component of the user cost of housing is the opportunity cost of any funds used to purchase 

the house plus the cost of financing any loan (mortgages) which may be raised to facilitate 

purchase. 

            (3) 

                                                           
6
 Authors own calculations based on table 10.4 ‘Stock of dwellings by tenure’ available from the UK 

government Department of Communities and Local Government. 
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Were   is the interest cost of purchasing a house valued at   . Note that   would need to be 

adjusted to take account of any differential that existed in between rates that buyers could get 

on funds that otherwise would have been deposited in banks or interest earning assets and the 

interest rate at which they can secure mortgage funds. Furthermore an adjustment would have 

to be made for any tax relief that house purchasers receive on mortgage interest payments as 

was the case in the UK up to April 2000, although at decreasing rates from August 1988. 

Another component of housing user costs is property tax which was levied as Domestic Rates 

until the introduction of the community charge in Scotland at the start of fiscal year 1989/90 

and in the rest of the UK in 1990/91. This unpopular form of property tax was then replaced 

by the council tax system in 1993. While the community charge was a tax levied on every 

(eligible) individual in a property and hence was popularly referred to as the Poll Tax, the 

Domestic Rates and Council tax, which preceded and followed the community charge, were 

taxes levied on the value of a property
7
, hence: 

            (4) 

In addition households will incur maintenance costs   associated with the upkeep of a 

property: 

            (5) 

Finally, user cost calculations have to take into account the fact that expectations of future 

price movements will impact purchasers’ views of user costs. Pain and Westaway (1997) 

point out that actual expectation of future house price movements are not available and 

therefore a proxy has to be developed. The simplest procedure is to use past house price 

inflation as a proxy for future inflation. 

            (6) 

Where:       -     ) /        

 A more sophisticated model of future house price expectations is discussed below, however 

for modelling purposes this formulation will be used on the grounds that house buyers 

typically exhibit unsophisticated, adaptive price expectations behaviours. There is a very 

large literature which examines the extent to which buyer expectations of future prices in the 

                                                           
7
 All properties are allocated to valuation bands A – H, based on the value of the property in 1991 each local 

council  then levies differential council tax rates on the valuation bands A through H. See, 

http://www.direct.gov.uk/en/HomeAndCommunity/YourlocalcouncilandCouncilTax/CouncilTax/DG_1003738

3 

http://www.direct.gov.uk/en/HomeAndCommunity/YourlocalcouncilandCouncilTax/CouncilTax/DG_10037383
http://www.direct.gov.uk/en/HomeAndCommunity/YourlocalcouncilandCouncilTax/CouncilTax/DG_10037383
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housing market are best described by a rational expectations model of price expectations or 

an adaptive expectations model. Case and Shiller (1989),  Porterban (1991) and  Cutler et al. 

(1991)  argue that adaptive ‘extrapolative’ expectations best describe the behaviour of 

economic agents in housing markets. More recently Haagerup (2010) in a study of house 

price expectations in Denmark, stated; 

‘Most Danes form their expectations of house prices from the price developments in the last 6 

months’. Hence user costs can be given by the expression: 

                  (7) 

Behavioural drivers of house prices 

This paper will examine the extent to which the modelling of behavioural drivers of house 

prices – explicitly – into the long run relationship provides an analysis which is more robust 

than more standard fundamental analysis. To date most researchers have sought to use 

behavioural factors to explain house price ‘bubbles’. Stiglitz (1990) provided a very simple 

definition of an asset bubble,  

If the reason that the price is high today is only because investors believe that the 

selling price is high tomorrow – when ‘fundamental’ factors do not seem to justify 

such a price then a bubble exists. 

In the context of residential property a price bubble would exist if buyers were willing to pay 

higher prices for houses today because they expected unrealistically high property prices 

tomorrow (Himmelberg et al. 2005). This however then requires a definition of what 

constitutes unrealistically high property prices.  Muellbauer and Murphy (2008) provide 

useful guidance by suggesting that the existence of a bubble can then be detected by looking 

for ‘substantial and positive’ residuals suggesting a systematic under prediction of house 

prices by the long run relationship and therefore the existence of a bubble
8
.  

It is also important to understand how future house price expectations are developed. 

Malpezzi and Wachter (2005) identify four processes of expectations development: myopic, 

perfect foresight, rational expectations and adaptive expectations. Myopic expectations 

assumes that house buyers have no foresight about future property prices, perfect foresight 

assumes that house buyers have perfect knowledge with regard to future house prices, 

                                                           
8
 Cameron et al.. (2006) suggest that a mean and mean absolute forecast errors of 0.5% and 3.2% are not 

suggestive of a house price bubble. In the same article, they suggest that house prices that are 20% above their 

long run predicted equilibrium values might be indicative of a house price bubble. 
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Rational expectations assumes that house buyers employ all information available at time t to 

develop expectations about future house prices. Finally adaptive expectations assume that 

expectations of developed by looking backwards and extrapolating into the future. The 

assumption being that the future will be similar to the recent past. 

It has been long recognised that the price expectations influence residential property values, 

see Ermisch (1990), Case and Shiller (1989, 1990), Grebler and Mittelbach (1979) Hendry 

(1994) and Ito and Hirono (1993). This effect is articulated most clearly, in the context of 

issues being examined in this paper, by Shiller (2007). Faced with evidence of rapidly 

increasing property prices in the US he stated that the house price increases that he saw in the 

were; 

...’hard to explain, since economic fundamentals do not match up with the price increases’.  

This led Shiller to postulate that it is movements in ‘market psychology’ that have played a 

significant role in driving residential property prices. It is therefore important to differentiate 

between precipitating factors that cause the initial increase in prices and feedback factors that 

then accelerate initial price increases into further price increases and potentially the  

formation of a price bubble. The most common form of feedback mechanism relies on 

adaptive expectations, that is, past price increases precipitating further price increases, 

Schleifer and Vishny (1998).  

A simple adaptive expectations model is outlined by Dougherty (2011). In this simple model 

the price of a house    is not related to the current price of a house but to the anticipated 

value in a future time period      
 . Hence, 

                 
 ) +    

As      
  is subjective and unobservable adaptive expectations theory hypothesises that 

expectations are developed on the basis of any difference between what is anticipated in the 

current time period and the actual outcome. That is,  

    
       

            
    

    
                  

  

Where λ is the speed of adjustment and should lie between 0 and 1. By substitution; 
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Hence; 

                                                   
       

Lagging and substituting    times; 

                                                   
     

                                      
       

Since  0 < λ ≤ 1 and 0 < (1-λ) ≤ 1 therefore        tends to zero as   becomes large and 

hence the unobserved final term can be omitted without incurring omitted variable bias. 

Such simple adaptive expectations models form the basis of suggestions that increased 

investor confidence in response to sustained historical price increases are responsible for 

creating bubbles. These bubbles may be sustained for extended periods of time if one 

distinguishes between informed and naive investors, Shiller (2005; 2007).  

Shiller (2005) goes on to outline a number of different feedback mechanisms that sustain 

property price increases: (i) price to price feedback, as discussed above; (ii) price to GDP 

feedback, whereby increases in property prices increase wealth which causes increased 

investment in an economy, as a result GDP increases, and the increase in GDP bids up the 

housing market further, Case et al. (2001). Shiller (2007) identifies social epidemics which 

develop when public perceptions of price rises lead to what he refers to as emotional 

speculative interest in markets that perpetuates further price increases. This may be 

underpinned by what Shiller calls ‘new era’ stories whereby news commentators report that 

we are entering a ‘new era of capitalism’, which will be consistent with exceptional rates of 

economic growth. Thereby creating a ‘feedback loop’ from GDP to house prices to reinforce 

that already existing from historical prices increases to expectations of future price increases. 

A further driver of this boom psychology is the perception that ‘houses are a great 

investment’. This develops into a speculative bubble insofar as observations of price 

increases are used to develop expectations about future price increases. At some point this 

becomes a social epidemic that produces an emotional speculative interest in the market, 

further price increases, which then virally reproduce public perceptions of the market.  

The initial perception of housing being a great investment may be generated due to the 

demise of an alternative investment class. So, for example, post 9/11, equities may have been 
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perceived as a rapidly declining asset class and therefore investment funds are seeking the 

next asset class that is going to produce abnormal returns and avoid the mean reversion 

occurring in the declining asset class. Insofar as residential property, and one might argue 

property generally, became the next ‘big thing’ this could be seen as the promulgator of the 

speculative bubble psychology outlined above. That said evidence of residential property 

being seen as the next best alternative asset class could be identified by examining the 

relationship with a key alternative investment class. The obvious investment class for this 

form of modelling is the value of the bourse in the case of the UK the FTSE index. If the 

relationship postulated above is correct we would expect a negative coefficient on this 

variable in any long run house price equation.  

Furthermore those who hesitate in joining this ‘new era’ may be left behind as profitable 

investment opportunities are missed or become beyond the affordability of new entrants to 

the market. Shiller (2007) argues that this phenomenon is not new, quoting from the 

Washington Post of July 1950, which suggested that buyers were, ‘now resigned to the fact 

that if they were ever going to have a home, they hadn’t better wait any longer’
9
 In this case 

we would expect there to be a strong relationship between property prices and an increases in 

the ratio of property prices to income (average earnings). The ratio of property prices to 

income is often measured by an affordability index. However the relationship between house 

prices and a simple affordability index will be complicated to the extent that lower levels of 

real interest and or tax and subsidy policies reduce the cost of financing a house purchase at a 

given level of income and house prices. Furthermore any change in banks lending strategies 

may also change the relationship between given levels of income and the amount of mortgage 

finance that an individual house purchaser can access. 

The issue of house price affordability is multifaceted and has to take account of: the ratio of 

house prices to income, the size of mortgage payments compared to household earnings
10

 and 

the activity of first time buyers. 

 If one examines the relationship between average earnings and average house prices, figure 3 

below, according to Halifax the ratio for all house buyers increased from 3.58 in 1984Q1 to 

5.01 in 1989Q1 before falling back to 3.10 in 1995Q1. The ratio then increased to 5.79 in 

2007Q2 before falling to 4.44 in 2009Q1. This value compares to a long term average of 4.02 

                                                           
9
 ‘Rising Costs, Easy Financing, Spur Home sales’ Washington post, July 16, 1950. p. R4 

10
 Earnings data is taken from the ASHE database and measures the average earnings of all full time employees 

after deductions for taxation and national insurance 
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over the period since 1984Q1. The ratio for first time buyers (FTB), provided by the 

Nationwide Building Society follows an almost identical trend, rising from 2.79 in 1984Q1 to 

3.87 in 1989Q2 before falling back to 2.14 in 1995Q4. The ratio then increased to 5.42 

in2007Q3 before falling back to 4.11 in 2009Q1. For first time buyers the average over the 

period from 1984 Q1 is 3.3.  

Figure 3.  House Price to Average Earnings Ratio: (1984 Q1 to 2009 Q1) 

All Buyers (ALL) and First Time Buyers (FTB). House prices are average mix adjusted house prices. Average 

earnings are male full time average earnings 

Sources: Halifax (Lloyds Banking Group) for ALL data and Nationwide Building Society for FTB data. 

 

 

However it may be the case that the relationship between earnings and house prices changes 

over time. The relationship may change due to shifts in the availability of credit (mortgages) 

and changes in the average level of nominal and or real rates of interest. Deregulation of 

credit markets in the 1980’s increased the availability of funds a trend which was enhanced in 

the early part of this century due to the surge in liquidity in global wholesale money. 

Furthermore explicit inflation targeting in the post 1993 era has led to a period of low interest 

rates and inflation. Therefore a simple ratio of house prices to average incomes is unlikely to 

be a thorough indicator of affordability. Affordability must take into account the rate of 

interest which house buyers have to pay in order to service their mortgage debt. Low nominal 

rates of interest increase the affordability of mortgages during the early years of mortgage 

repayments particularly if inflation is low. That is mortgage repayments will be a lower 

proportion of household income. However higher nominal rates of interest and higher 

inflation reduce mortgage repayments as a proportion of income in the latter years of 

mortgage repayments. It could be argued that the lower nominal interest rate and inflation 
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rate regime since the early 1990’s has increased the ‘early years’ affordability of mortgages 

and therefore led to a rise in mortgage lending. 

At nominal rates of interest of 5% a household earning £25 000 per year can borrow 

£100 000 and face initial payments equalling 30% of income. But if nominal interest 

rates were at 13%, then maintaining the same 30% of income rule in the first year 

would only allow the household to borrow up to £60 663. Chamberlain (2009) 

Therefore the upward trend in house price to average earnings ratio may be due to lenders 

taking a broader view of affordability taking account of the impact of lower interest rates on 

affordability. House price to average earnings ratios post 2009Q1 would appear to give some 

support to this assertion in that while the ratio has fallen from the 2007Q2 high of 5.79 it only 

fell to 4.11 in 2009Q1 before rising into the end of 2010. This value however is nowhere near 

the values close to 3 recorded in the early 1980’s and early 1990’s. 

4. Description of Dataset 

The initial dataset that was assembled consisted of real mix adjusted house price (RAHP) 

data provided by HBoS, real household disposable income (RHDY) data provided by ONS
11

 

and three month interbank interest rates sourced from the Bank of England adjusted to real 

values using an eight quarter moving average of the retail price index (RPI) to create the 

variable TMR which is the measure of real interest rates used in this analysis. 

A comprehensive list of additional variables was then assembled, in an effort to improve 

upon the long run house price equation and the short run error correction model developed in 

IMF (2003, 2005). These potential explanatory variables are listed in table 2 below. Also 

included is an indication of where the data was sourced from.  

As Cook (2006) and Thwaites and Wood (2003) note there are alternative provider of data on 

UK house prices. In deploying the Halifax data set one has to acknowledge that their series 

represents a specific sample of the UK housing stock. Thwaites and Wood (2003) found 

evidence of a close similarity between alternative measures of UK house price series.
12

   

 

 

                                                           
11

  UK Office for National Statistics 
12

 In the UK there are four major house price indices, those calculated by: Nationwide Building Society, Halifax 

Bank of Scotland  (now part of the Lloyds Banking Group), the central government ministry of Communities 

and Local Government formerly known as the Office for the Deputy Prime Minister) and the Land Registry. 

The Halifax and the Nationwide indices are the most commonly used indices. 
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Table 2: List of variables employed in Long Run and short run equations 

Variable Description Source 

AFF House price x Loan to value x Interests 

rate / Household disposable income 

HBoS, Bank of England and 

ONS 

EER Effective Exchange Rate (sterling)
13

 ONS, Time series code: AGBG  

FTSE Index of FTSE 100 IMF Financial statistics 

HSOO Housing Supply of Owner Occupation 

properties 

Department for communities and 

Local Government, Welsh 

Assembly Government and 

Scottish Government. 

HSTH Housing Supply Total Housing. HSOO + 

private rental and social housing supply 

Department for communities and 

Local Government, Welsh 

Assembly Government and 

Scottish Government 

LHPI London House Price Index Nationwide Building Society 

RAHP Real mix Adjusted House Price HBoS historical house price 

dataset 

RPI Retail Price Index ONS, time series code: CZBH 

TMR Real Rate of Interest Bank of England 

RHDY Real Household Disposable Income ONS, time series code: NRJR 

UR  Percentage Unemployment Rate ONS, time series code: BCJB 

USERRENT Ratio of User Costs to Average Annual 

Rents 

Various. 

TWOQ Two quarter moving average of real 

house price inflation 

HBoS 

FOR Forecast of next year’s expected house 

price inflation. 

Stories published in UK press 

sourced from UK Press-online 

Database   

 

                                                           
13

 In all cases exchange rates are foreign currency per £1 
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To calculate the user cost of housing it was necessary to source data on             see 

equation (7) above. The interest user cost of house ownership      was calculated by taking 

the weighted average of mortgage lending rates and savings deposit rates, to reflect the 

mortgage cost of funds and the opportunity cost of funds used to finance a purchase. The 

weights, for each quarter, were determined by the average loan to value ratios on loans made 

by HBoS over the period 1983-2009, these values were extracted from a data set which 

contained information on over 1.3 million house purchase transactions. For example if the 

loan to value ratio for 1998Q3 was 0.6, then the value of   was calculated as follows; 

                                                             . 

Data on property taxes     was sourced from the ministry of Communities and Local 

Government, with Band D rates of council tax being used for the post 1993/4 period
14

.  

The cost of property maintenance     was calculated using the ONS quarterly time series 

ZAVW:  Furnishings; household equipment & routine maintenance of the house. Since 

regional data was not available for this variable the national maintenance costs, as a 

proportion of the selling price of a house, were assumed to be the same in all regions.  

As suggested in equation (6) above the expected growth in property values     was proxied 

by the growth in properties values in the previous quarter. 

The user cost of housing was then divided by annual rental payments to create a USERRENT 

variable. Annual housing rental payments were sources from the housing statistics database 

provided by the UK Department of Communities and Local Government.  While rental data 

existed at a national level for the period 1984-2009, data did not exist at a regional level and 

therefore regional equations in the following analysis had to employ the national rental data 

when calculating regional USERRENT variables. 

In order to test for the influence of forecast regarding expected house price inflation in the 

UK data was collected on published forecasts from what might be regarded as credible 

forecasting organisations. A search was conducted to find stories which related to forecasts 

from HBoS, Nationwide Building Society and the Royal Institute of Chartered Surveyors 

(RICS). Employing the UK press-online database a search was undertaken to find press 

stories relating to future house price inflation expectation in the UK popular press. The 
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 The author is grateful to the assistance provided by Hugh Mallinson at the Department of Communities and 

Local Government in sourcing data on Local Rates charges and Community Charge rates in the period 1983 – 

1993. 
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database facilitated the search of the major broadsheets in the UK; The Daily Telegraph, The 

Guardian, The Financial Times as well as the tabloid press; The Daily Express, The Daily 

Mail, The Daily Mirror and the Sun, over the period 1983-2009. Typically these 

organisations would release a press statement regarding their expectations of house price 

inflation in December of the preceding year, that is, expectations of house price inflation for 

2003 would be released in December 2002. A forecast variable (FOR) was then created by 

taking a simple average of the forecasts from HBoS, RICS and the Nationwide Building 

Society. Where forecasts of expected house price inflation were re-assessed and a press 

statement released, during any year, the FOR variable was adjusted for the remaining quarters 

of that year.  

An affordability index (AFF) was created which measured mortgage interest payments as a 

proportion of real household disposable income. To calculate mortgage interest payments the 

real mix adjusted house price was multiplied by the average loan to value ration, the product 

of which was then multiplied by the real interest rate. The resulting product was then 

expressed as a proportion of the real mix adjusted house price. 

A series of backward looking real house price inflation variables TWOQ, FOURQ and 

EIGHTQ were created as proxy’s for house buyer’s adaptive expectations with respect to 

future real house price inflation. Each variable measured the two, four and eight quarter, 

respectively, moving average of the annualised real house price inflation rate.   

To check that no explanatory variable was excessively correlated with the dependent variable 

a correlation matrix of all variables in the dataset was produced. Table 3 below, reports the 

correlation between all potential explanatory variables and the dependent variable in this 

analysis, the log of real mix adjusted house prices (LRAHP). As can be seen from table 3 

there is a very high correlation between LRAHP and the Log of the London house price index 

(LLHPI) variable, of 0.902. This was thought to be too high and hence the decision to model 

the impact of London house prices on house prices in the rest of the UK and in the regions of 

the UK using the variable DLLHPI, the first difference of the log of the London house price. 

A similar strategy was adopted for the LHSTH variable given its high correlation with 

LRAHP, however as the results section discusses this latter variable does not appear in any of 

the preferred equations. 
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Table 3: Correlation coefficients between the dependent variable LRAHP and potential 

explanatory variables. 

LRHDY is the log of real household disposable income, LAFF is the log of the affordability index, TMR is the 

real three month inter-bank interest rate, LUR is the log of the unemployment rate (%), LEER is the log of the 

effective sterling exchange rate, LFTSE is the log of the Financial Times London Stock Exchange top 100 

shares index, FOR measures the average expected house price inflation published in the UK press based on 

forecasts from HBoS, Nationwide Building Society and RICS. TWOQ, FOURQ and EIGHTQ are the two, four 

and eight quarter moving averages of house price inflation. LLHPI is the log of the London house price index 

and DLLHPI is the first difference of the log of the London house price index. LHSOO is the log of the supply 

of housing for owner occupation; LHSTH is the log of the supply of housing in total, that is for owner 

occupation and for rent.  

 Correlation 

with LRAHP 

Variables  

  

LRHDY 0.714 

LAFF 0.027 

TMR -0.531 

LUR -0.780 

LEER 0.607 

LFTSE  0.425 

FOR -0.137 

TWOQ 0.434 

FOURQ 0.505 

EIGHTQ 0.629 

LLHPI 0.902 

DLLHPI -0.117 

LHSOO 0.724 

LHSTH 0.850 

DLHSTH 0.0002 

 

As no reliable dataset was available for regional real household disposable income, the UK 

values were adjusted, by taking the ratio of regional gross domestic household income
15

 to 

UK gross domestic household income and applying this ratio to the UK real household 

disposable income data. The regional affordability variables (AFF) were calculated using 

average loan to value data for each region, sourced from HBoS.  

5. Modelling Framework. 

This paper initially sought to replicate the modelling strategy employed in IMF (2003, 2005) 

which estimated... 
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 ONS time series codes: C8FO, C8FP, C8FQ, C8FR, C8FS, C8FT, C8FU, C8FV, C8FW, C8FY, C8FZ AND 

C8G3 
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‘..a reduced form  equation of log real house prices (p) as a function of log real 

disposable income per household (y) and real inter-bank rates (r).’ 

They then went on to calculate an error correction model which described how real house 

prices adjusted to their long run equilibrium while responding to short-run movements in 

house prices in previous quarters, interest rates and real income per household.  

The short run error correction model took the form: 

                    
   
               

   
                         

   
     (8) 

In all cases the prefix L denotes the natural log of the respective variable, for example 

LRAHP is the natural log of the Real mix Adjusted House Price. The prefix D denotes the 

first difference of a variable hence DLRAHP would be the first difference of the LRAHP. 

The Johansen (1988, 1991) methodology employed by IMF (2003, 2005) requires that 

variables that contribute to the long run relationship should first be checked for the existence 

of unit roots. The unit root analysis was conducted using the augmented Dickey-Fuller (1979, 

1981) tests. The next step in the process is to test for the lag length in the vector 

autoregressive (VAR) system, based on the Akaike information criterion (AIC) and the 

Schwartz Baysian criterion (SBC). At this point the Johansen maximum likely hood 

procedure can be applied to test for the number of cointegrating vector. By applying 

normalising restrictions it is then possible to identify the cointegrating vector which describes 

the relationship between real house prices and the long run determinants of real house prices. 

The co-integrating vector identifies the coefficients on the explanatory variables in the long 

run relationship that are then used to determine the variable        in the short run error 

correction model (8). The short run error correction model is then calculated by ordinary least 

squares.  

An alternative modelling methodology that was considered in this analysis was guided by 

Abelson et al. (2005).  They employ Stock and Watsons (1993) dynamic ordinary least 

squares (DOLS) methodology. Abelson et al. (2005) state that this method is deemed to be 

more robust than the Johansen methodology due to the large number of variables included in 

the model relative to the number of observations in the dataset
16

. 

                                                           
16

  Stock and Watson (1993) exhibited the efficacy of dynamic OLS estimators with respect to other 

asymptotically efficient estimators of US real money balances (M1).  
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Employing DOLS methodology a long run cointegrating vector     is defined, Abelson et al. 

(2005) defined     as; 

                                                     

Each component of     is tested for a unit root. The vector      is then tested for the length of 

the VAR system and finally      is tested for multivariate co-integration using the Johansen 

(1988, 1991) test. Having determined that cointegrating vector exist the DOLS methodology 

partitions     into a dependent variable, log real mix adjusted house price           and a 

vector    which includes all relevant explanatory variables.       is then regressed, using 

ordinary least squares, on a constant,   , and k leads and lags of    . k being determined by 

the length of the lag in the VAR. 

     =   +      +        
 
          +      (9) 

Equation (9) is then estimated by ordinary least squares. Furthermore Abelson (2005) states 

that if       and    are co-integrated, then the DOLS estimator of   is efficient and 

consistent in large samples even if    includes some endogenous variables. The usual test for 

statistical significance  of the coefficients in equation (9) is valid if standard errors such as the 

Newey-West (1987) standard errors are computed. 

An asymmetric error correction model was calculated to identify the speed with which house 

prices in the UK revert to their long run equilibrium values. The model estimated is; 

          =    +                 – log        ) +                     – log        )  

             +         
 
          +         (10) 

Where    is the estimated DOLS co-integrating vector and    is the Heaviside indicator 

function. Informed by Muellbauer and Murphy (1997), Barker (2004) and my own 

calculations we define a boom observation as an observation for which the RAHP growth 

over the previous year was greater than 2.7 percent.
17

 

   =  
                  –                 

                  –                 
      (11) 

                                                           
17

 Abelson et al. (2005) chose a value of 2 percent for the Australian residential house market, noting that this 

was in line with Muellbauer and Murphy (1997) for the UK housing market and included an estimation of 

selling costs. A value of 2.7 percent is used here based on the authors own calculations, Barker (2004) and 

HBoS (2010). 
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In equation 10 above, the coefficients    and     measure the speed with which house prices 

adjust to their long run equilibrium values when house prices are booming or are static or 

declining respectively. The error correction model will therefore measure both the speed and 

any a-symmetries in the short run adjustment process of house prices in the UK. 

Testing for asymmetries in the short run adjustment process of real house prices is informed 

by Gujarati (1988) who stated that in the regression: 

                                  

You may wish to test the hypothesis that  

           

            

To test this null hypothesis the t statistic must be computed such that: 

   
        

               
 

Where:                                                       

 

The third modelling methodology that was employed in this paper was to estimate the long 

run house price equation using ordinary least squares. That is amending equation (9) above; 

     =   +      +          (12) 

The  ’s in (12) would then be used to determine         in a short run error correction 

model. The short run error correction model would then use the Heaviside indicator 

methodology, as in (10) above to test for asymmetries in the short run adjustment process. 

All three methodologies were employed to calculate the UK real house price equation. As the 

latter methodology proved to be the preferred methodology for calculating the national 

equation it was used to calculate the regional equations.  

6. Results 

The starting point of this analysis was to re-estimate the IMF (2003, 2005)  short run error 

correction model using the dataset assembled for this analysis. It was not possible to 

reproduce the long run relationship reported in IMF (2003, 2005) by estimating a co-

integrating vector using the dataset available. However the simple long run relationship 
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reported in table 4 was calculated using OLS. The coefficient on the LRHDY variable in the 

current equation (1.324) is statistically significant at a 1% level of significance and is 

identical to the estimated made in the IMF (2003) analysis. The coefficient on the three 

month inter-bank interest rate (-0.04) is also very similar to the estimated coefficient in the 

2005 version of the IMF long run relationship. Therefore an OLS specification of the long 

run relationship between real house prices and the level of real household disposable income 

and real three month inter-bank interest rates appears to have provided support for the long 

run relationship that the IMF (2003, 2005) suggested existed in the UK housing market. 

Table 4: Current version of the IMF (2003, 2005) short run error correction model for 

the UK housing market.  

All log values are natural logs. The dependent variable in the long run equations is LRAHP the log of 

the mix adjusted real house price. In the short run error correction models the dependent variable is 

DLRAHP, the first difference of the mix adjusted house price. For IMF 2003, 2005 coefficients on 

LRHDY, log of real household disposable income and TMR three month real inter-bank interest rate 

are calculated by a cointegrating vector, the dependent variable being LRAHP, log of the real mix 

adjusted house price. For the preferred equation the coefficients on LRHDY and TMR are calculated 

using ordinary least squares. t statistics in the preferred equation are calculated using Newey West 

(1987) adjusted standard errors. Where coefficients or test statistics are not reported this is due to the 

fact that they were not reported in the original papers. *, ** and *** indicate 1, 5 and 10% levels of 

significance. 

Variable IMF 2003 IMF 2005 CURRENT 

Long Run Equation    

LRHDY 1.329* 1.912* 1.3243* 

TMR -0.017** -.06* -0.04** 

C  -17.53* -5.415* 

ADJUSTED      0.591 

    

Short run ECM    

DLRAHP(-1) 0.434* 0.443* 0.549* 

DLRAHP(-2) 0.296* 0.382* 0.343* 

DLRAHP(-3) 0.173*** -0.070 -0.037 

DLRHDY(-1) 0.235*** -0.006 0.007 

DLRHDY(-2) 0.033 0 -0.090 

DLRHDY(-3)  0.092 0.005 0.182 

DTMR(-1) -0.004* 0.033* -0.003 

DTMR(-2) -0.002 0.005 -0.007** 

DTMR(-3) 0.001 0.167* -0.002 

ERM(-1) -0.043* -0.019** -0.020** 

ADJUSTED    0.54  .552 

DW STATISTIC   2.0652 
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Having estimated the long run relationship, the IMF (2003, 2005) short run error correction 

model was re-estimated employing the error terms from the long run relationship. As can be 

seen in Table 4 the short run error correction model calculated using the current dataset 

produces very similar results to those reported by IMF (2003, 2005). The speed at which 

house prices adjust to their long run equilibrium values according to the current dataset is the 

same as that reported in IMF(2005) and slightly slower than that reported in (2003). The 

current error correction model suggests that real house prices adjust by 2% of the difference 

between their short run value and long run equilibrium value each quarter.  

The next step was to estimate a long run real house price equation employing the DOLS 

methodology. All variables that could potentially be employed in a long run house price 

equation for the UK were tested for the existence of unit roots using the augmented Dickey-

Fuller (ADF) test. The results of these tests are reported in Appendix 1, these results show 

that all of those variables which were subsequently employed in the preferred equation have 

unit roots.  Subsequently a general VAR model is created with the number of lags in the VAR 

system being based on the Akaike information criterion (AIC) and the Schwartz Baysian 

criterion (SBC), the results are reported in appendix 2, on the basis of these test the length of 

the lag in the VAR was set at 2. Finally, having determined the length of the VAR the   

Johansen procedure was then applied to test for the number of co-integrating vectors.  The 

results of the tests for co-integrating vectors are reported in appendix 3 and both the 

maximum eigenvalue statistic and the trace statistic suggest that there are two co-integrating 

vectors. 

Having tested for the existence of co-integrating vectors it was then appropriate to apply the 

DOLS modelling procedure. Furthermore the lag length in the DOLS procedure, k in (9) 

above was set equal to 2 as was the case for the VAR model. 
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Table 5:  Long run house price equation for the UK economy 1984-2009, dependent 

variable log of the mix adjusted real house price (LRAHP), calculated using DOLS 

estimating procedure. 

All log values are natural logs. LRHDY- log of real household disposable income,  DLLHPI – first difference of 

the log of the London house price index. LAFF- log of the affordability index, that is, the ratio of mortgage 

interest payments to household disposable income. TMR- three month real inter-bank interest rate. 

LUSERRENT the log of the ratio of housing user costs to housing rents.   LRHDY1= LRHDY(t)-

LRHDY(t-1). LRHDY2= LRHDY(t-1)-LRHDY(t-2). LRHDY3 = LRHDY(t) – LRHDY(t+1) and LRHDY4 = 

LRHDY(t+1)-LRHDY(t+2). The same differencing process was applied to all other explanatory variables to 

derive variables DLHPI1 to LUSERRENT4 used in the regression equation reported below. A complete set of 

results is available in appendix 6. All t statistics that are reported are calculated on the basis of Newey-West 

(1987) adjusted standard errors. *, ** and *** indicate 1, 5 and 10 percent significance level.  

Variable 

 

Coefficient t- Ratio 

Constant 1.265 1.082 

LRHDY 1.008* 10.830 

DLLHPI 0.567* 5.398 

LAFF 0.937* 19.577 

TMR -0.094* -6.386 

LUSERRENT -0.240* -4.376 

LRHDY1 -1.474** -2.160 

LRHDY2 -0.998** -1.707 

LRHDY3 0.633 0.947 

LRHDY4 0.435 0.810 

DLHPI1 -0.010 -0.049 

DLHPI2 0.0007 0.003 

DLHPI3 -0.504** -2.483 

DLHPI4 -0.455** -2.217 

LAFF1 -0.487* -3.199 

LAFF2 -0.569* -3.607 

LAFF3 -0.331** -2.428 

LAFF4 -0.345* -2.845 

TMR1 0.049* 3.421 

TMR2 0.042* 3.076 

TMR3 0.021 1.340 

TMR4 0.025*** 1.852 

LUSERRENT1 0.227* 4.164 

LUSERRENT2 0.144* 3.176 

LUSERRENT3 0.041 0.780 

LUSERRENT4 0.043 1.007 

   

ADJUSTED    0.962  

DW STATISTIC 0.575  

   

 

The coefficients on the variables included in the long run house price equation reported in 

table 5 are all highly statistically significant. The coefficient on the LRHDY variable (1.008) 

is very much in line with previous work on long run house price equations for the UK 

economy which place the price elasticity of housing with respect to real disposable income 

very close to 1; Meen (2001), Meen and Andrew (1998) and Muellbauer and Murphy (2008).  
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The coefficient on the DLHPI variable (0.567) suggests that increases in the rate of change of 

London house prices, have a positive impact on the rate of increase of UK house prices 

generally. The coefficient suggesting that a 1 percent increase in the rate of increase of  the 

London house price index causes a 0.567 percent increase in UK real house prices. However 

the causal link between London house prices and house prices in the rest of the UK is not 

illuminated by this finding. That is the taxonomy of causal links, between London house 

price movements and UK house price movements, put forward by Meen (1999) and the 

superstar city effect suggested by Gyourko et al. (2006) are both supported by the findings 

reported in table 5.  

The coefficient on the LAFF variable of (0.937) suggests that behavioural factors are driving 

house prices in the long run. That is, as mortgage payments become a greater proportion of 

household disposable income buyers appear to be rushing into the market and causing house 

prices to increase. This somewhat count intuitive behaviour is due to the fact that if the 

buyers do not enter the market sooner rather than later then they will be locked out of the 

market as house prices move beyond what they can afford in absolute terms. As such this 

behaviour supports the market psychology analysis reported in Schiller (2007). Alternatively 

the positive coefficient on the LAFF variable could be interpreted as an indication of an 

easing of the availability of housing finance over the period under study. That is due to 

greater availability of housing finance in the period 1984 – 2009 an increased mortgage 

payments as a proportion of disposable income occurs because of the increased availability of 

funds and increased competition between providers to sell mortgages. 

The coefficient on the TMR variable (-0.094) suggests that increased real interest rates are 

associated with a reduction in real house prices, the extent of the effect being somewhat 

stronger than that reported in table 4 in the IMF (2003, 2005) equations and the re-estimate of 

that equation which estimated the real interest rate elasticity to be between -0.017 and -0.06.  

Finally the coefficient on the USERRENT variable (-0.24) suggests that an increase in 

housing user costs relative to housing rents will cause the price of housing to fall. This 

finding provides support for the rental equivalence model (Diaz and Luengo-Prado, 2008), 

which suggests that increases in housing user costs with respect to rents would cause 

households to switch tenure form owner occupation to renting , thereby reducing the demand 

for owner occupation properties and their price.  



42 
 

The Durbin Watson statistic that is reported in table 5 suggests that the errors in the equation 

which has been estimated suffer from serial correlation. The consequence of the existence of 

serial correlation is that the coefficient estimators are linear-unbiased and consistent but they 

are not efficient. That is they no longer have minimum variance, Gujarati (1998). The 

implication of this for hypothesis testing is that we may state that a coefficient is statistically 

insignificantly different from zero even though it is. It is for this reason that Newy-West 

(1987) standard errors have been computed and the reported t statistics are based on those 

standard errors.  

A short run error correction model was then estimated based on the long run coefficients, 

(CONSTANT, LRHDY, DLLHPI, LAFF, TMR, USERRENT)  calculated by applying the 

DOLS methodology and reported in table 5. The results of this process are reported in table 6 

below. 

Table 6:  Short run error correction model based on coefficients estimated by DOLS 

procedure and reported in table 5, dependent variable DLRAHP first difference of the 

log of the real mix adjusted house price. 

All log values are natural logs. DTMR is the first difference of the three month inter-bank real interest rate. 

DLAFF is the first difference of the log of the affordability index. ERR are the errors created by the difference 

between actual LRAHP and predicted LRAHP, where the coefficients in the long run DOLS equation reported 

in table 5 are used to generate predicted values of LRAHP. 

Variable Coefficient t- Ratio 

Short run ECM   

   

Constant 0.002 0.832 

DLRAHP(-1) 0.531* 4.804 

DLRAHP(-2) 0.235** 2.190 

DLRHDY(-1) -0.053 -0.312 

DLRHDY(-2) -0.135 -0.782 

DTMR -0.007*** -1.759 

DTMR(-1) -0.001 -0.535 

DTMR(-2) -0.004 -1.261 

DLAFF 0.135* 3.504 

DLAFF(-1) -0.062 -1.497 

ERR(-1) -0.031 -0.737 

   

ADJUSTED    0.561  

DW STATISTIC 2.02  

   

 

The error correction term in table 6 suggests that short run real house prices converge on their 

long run equilibrium values at a rate of 3.1% of the difference per quarter. However the 

coefficient is not statistically significant. 
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The next step in the modelling process was to estimate the long run real house price equation 

using OLS and use the coefficients calculated to create a short run error correction model. 

Three alternative models are presented below; in each case a long run price equation is 

reported, followed by a simple error correction model, which is then followed by an error 

correction model which tests for a-symmetry in the adjustment process between short run real 

house prices and their long run equilibrium values. In all of the a-symmetric error models the 

Heaviside indicator is used to distinguish between quarters in which the four quarter rate of 

real house price inflation was 2.7 percent or less or greater than 2.7 percent.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

Table 7:  Model 1, Long run real house price for the UK 1984-2009 calculates using 

OLS and associated short run error correction models and short run asymmetric error 

correction models. 

Dependent variable in the long run relationship is LRAHP, Log of the real mix adjusted house price. In the short 

run error correction models the dependent variable is DLRAHP, the first difference of the log of the real mix 

adjusted house price. LUSERRENT is the log of the ratio of housing user costs to housing rents. LRHDY is the 

log of real household disposable income. TWOQ is the two quarter moving average of house price increases. 

DLLHPI is the first difference of the log of the London house price index. LFTSE is the log of the Financial 

Times London Stock Exchange index of the top 100 share prices. ERR (-1) is the error terms from the long run 

relationship lagged one period. ERRL27 and ERRM27 are the asymmetric error terms that are identified by the 

Heaviside indicator for quarters in which the annual rate of real house price inflation was less than or equal to 

2.7% or more than 2.7% respectively. t statistics in the long run equation are calculated using Newey West 

(1987) adjusted standard errors. *, ** and *** indicate 1, 5 and 10% levels of significance. 

Variable Coefficient t- Ratio 

Long run equation   

Constant -15.612* -5.9912 

LUSERRENT(-2) 0.251* 3.960 

LRHDY 2.338* 10.071 

TWOQ 0.013* 4.109 

DLLHPI 0.374** 1.994 

LFTSE  -0.493* -7.136 

DUM01 -0.184* -6.399 

ADJUSTED    0.801  

DW STATISTIC 0.434  

   

Short run ECM   

   

Constant 0.001 0.419 

DLRAHP(-1) 0.542* 5.283 

DLRAHP(-2) 0.432* 3.652 

DLRAHP(-3) -0.142 -1.309 

DLRHDY(-1) 0.042 0.241 

DLRHDY(-2) -0.069 -0.415 

DTMR 0.004 1.077 

DTWOQ(-2) -0.001 -1.547 

ERR(-1) -0.053* -2.945 

ADJUSTED    0.561  

DW STATISTIC 2.02  

   

Asymmetric ECM   

Constant 0.0008 0.293 

DLRAHP(-1) 0.541* 5.257 

DLRAHP(-2) 0.442* 3.694 

DLRAHP(-3) -0.146 -1.336 

DLRHDY(-1) 0.028 0.163 

DLRHDY(-2) -0.069 -0.415 

DTMR 0.004 1.087 

DTWOQ(-2) -0.001 -1.576 

ERRL27 -0.046* -2.2807 

ERRM27 -0.071* -2.131 

   

ADJUSTED    0.558  

DW STATISTIC 2.03  
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In model 1, reported in table 7 above, the coefficients on the long run explanatory variables 

are all statistically significant. The coefficient on the LUSERRENT variable suggests that an 

increase in housing user costs relative to housing rents is associated with an increase in real 

house prices. This runs counter to the logic of the rental equivalence model (Diaz and 

Luengo-Prado, 2008), discussed above. However it has to be noted that over the period 1984-

2009 any increase in the availability of private sector rental property in the UK has been 

almost more than offset by a reduced availability of state provided rental accommodation. 

The net availability of rental housing stock in the UK, that is, provided by the private sector, 

housing associations and the state has declined from approximately 10 million units in 1971 

to 8 million units in 2007. This trend was undoubtedly accelerated by the ‘right to buy’ 

policies introduced by the first Thatcher administration which gave tenants who were renting 

their state provided properties the ‘right to buy’ very often at significant discounts with 

respect to the properties true rental value. It should be noted that the trend started by the first 

Thatcher administration (1979-1983), continued across the whole period of this study with 

state provided rental properties falling from 5.1 million in 1991 to 2.5 million dwellings in 

2007
18

. Therefore higher housing user costs could co-exist with rising real house prices for 

owner occupied properties due to the lack of availability of rental properties. 

The coefficient on the LRHDY variable (2.338) is high compared to many studies of the UK 

housing market. The positive and statistically significant coefficient on the TWOQ variable 

(0.013) suggests that UK house prices are influenced by previous real house price increases. 

In so far as house buyers are assumed to have simple adaptive expectations with respect to 

house prices then this result would support the findings of  Ermisch (19900, Case and Shiller 

(1989, 1990), Grebler and Mittelbach (1979), Hendry (1994), Ito and Hiron (1993). 

Furthermore the period of time over which previous house price inflation impacted current 

real house prices was also tested using the FOURQ and EIGHTQ explanatory variables. In all 

instances the TWOQ variable performed most effectively, providing support for the finding 

of  Haagerup (2010) who suggested that in Denmark expectations of future house price 

inflation were based on recent,  that is, the last six months, increases in house prices. In all 

the three models calculated using OLS and the equation reported in table 5 using DOLS the 

influence of forecasters (FOR) was found to be statistically insignificant in formulations of 

                                                           
18

 Data available from table 101 ‘dwelling stock by tenure: UK historical series’ Housing statistics, Department 

for Communities and Local Government. 
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the long run real house price equation that were rejected in favour of those which are being 

reported. 

The coefficient on the DDLHPI (0.374) suggests that the impact of London house prices is 

similar to that discussed above although the magnitude of the effect is not as great. This 

model includes the LFTSE variable the coefficient (-0.409) on which, suggests that 

residential property and equities act as alternative asset classes. This supports the suggestion 

of Schiller (2007) that certain assets classes may be seen as the next ‘big thing’. Such an 

effect has been investigated and found to exist in the Australian house price literature, Otto 

(2007) and Abelson et al. (2005). In addition, Ayuso et al..(2003) found evidence of this 

effect in the Spanish housing market in a study which covered the period 1978-2002. 

A statistically significant dummy variable DUM01 was included to pick up the impact of the 

post 9/11 effect on the UK housing market.  

Turning to the simple short run error correction model, a statistically significant error 

correction term was found to exist with 5.3% of the difference between short run and long 

run equilibrium real house prices being corrected every quarter. Therefore it would appear 

that a long run real house price equation that includes behavioural as well as fundamental 

explanatory variables of real house prices, gives us a greater understanding of what is driving 

real house prices in the UK and results in an error correction model which is at least as robust 

as that generated by the IMF (2003, 2005). 

Finally the lower part of table 7 indicates the results of the testing of an asymmetric error 

correction model. The error correction terms ERRL27 (-0.046) and ERRM27 (-0.071) are 

both statistically significant suggesting that prices adjust more slowly to their equilibrium 

values when house prices are falling or growing slowly than they do when house prices are 

increasing quickly. However, following Gujarati (1988) the test statistic: 

   
        

               
 

 was calculated, where    = ERRL27 and    = ERRM27,  this resulted in a t statistic of 1.513 

resulted in an inability to reject the null hypothesis that ERRL27=ERRM27. 
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Table 8:  Model 2, Long run real house price for the UK 1984-2009 calculates using 

OLS and associated short run error correction models and short run asymmetric error 

correction models.  

 Dependent variable in the long run relationship is LRAHP, Log of the real mix adjusted house price. In the 

short run error correction models the dependent variable is DLRAHP, the first difference of the log of the real 

mix adjusted house price. LUSERRENT is the log of the ratio of housing user costs to housing rents. LRHDY is 

the log of real household disposable income. LAFF is the log of the affordability index. DLLHPI is the first 

difference of the log of the London house price index. TMR is the real three month interbank interest rate. ERR 

(-1) is the error terms from the long run relationship lagged one period. ERRL27 and ERRM27 are the 

asymmetric error terms that are identified by the Heaviside indicator for quarters in which the annual rate of real 

house price inflation was less than or equal to 2.7% or more than 2.7% respectively. t statistics in the long run 

equation are calculated using Newey West (1987) adjusted standard errors. *, ** and *** indicate 1, 5 and 10% 

levels of significance. 

Variable Coefficient t- Ratio 

Long run equation   

Constant -1.6441 -1.410 

LRHDY 1.206* 13.400 

DLLHPI 0.340** 2.414 

LAFF 0.784* 17.616 

TMR -0.072* -5.258 

LUSERRENT -0.130* -3.918 

ADJUSTED    0.918  

DW STATISTIC  0.427  

   

Short run ECM   

Constant  0.002 0.835 

DLRAHP(-1) 0.533* 5.099 

DLRAHP(-2) 0.256** 2.500 

DLRHDY(-1) -0.088 -0.519 

DLRHDY(-2) -0.104 -0.636 

DTMR -0.007** -1.737 

DTMR(-1) 0.004 1.052 

DTMR(-2) -0.003 -1.167 

DLAFF 0.117* 3.413 

DLAFF(-1) -0.081** -2.165 

ERR(-1) -0.053*** -1.901 

ADJUSTED    0.589  

DW STATISTIC  1.948  

   

Asymmetric ECM   

Constant  0.003 1.079 

DLRAHP(-1) 0.517* 4.931 

DLRAHP(-2) 0.026** 2.574 

DLRHDY(-1) -0.083 -0.498 

DLRHDY(-2) -0.095 -0.579 

DTMR -0.007*** -1.876 

DTMR(-1) -0.004 0.866 

DTMR(-2) -0.004 -1.308 

DLAFF 0.120* 3.469 

DLAFF(-1) -0.075** -2.003 

ERRL27 -0.083** -2.194 

ERRM27 -0.018 -0.461 

ADJUSTED    0.591  

DW STATISTIC  1.956  
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Model 2 presented in table 8 above, reproduces the model that was calculated using DOLS 

and reported in table 6. The results are not unexpectedly similar in terms of the statistical 

significance of the explanatory variables in the long run equation and the magnitude of those 

variables. The short run error correction model in table 8 indicates that short run prices 

converge on their long run equilibrium values at a rate of 5.3 percent of the difference per 

quarter. However unlike the DOLS case this error correction term is statistically significant. 

Finally the short run error correction model was tested for asymmetrical adjustment. The 

coefficients suggest again that the adjustment process was quicker in periods when real house 

price inflation was high, above 2.7 percent per annum, than when real house price inflation 

was low or falling. However only the ERRL27 coefficient was statistically significant, 

suggesting that real house prices adjusted from their short run levels to their long run 

equilibrium values at a rate of 8.1 percent of the difference, per quarter . This finding 

supports that of Genevose and Mayer (2001) which suggests that in a boom properties adjust 

more swiftly to fundamentals, whereas in a downturn properties remain on the market for a 

lot longer as sellers ask prices well above the markets willingness to pay.  

 

 

 

 

 

 

 

 

 

 

 

 

 



49 
 

Table 9: Model 3, Long run real house price for the UK 1984-2009 calculates using OLS 

and associated short run error correction models and short run asymmetric error 

correction models.  

 Dependent variable in the long run relationship is LRAHP, Log of the real mix adjusted house price. In the 

short run error correction models the dependent variable is DLRAHP, the first difference of the log of the real 

mix adjusted house price. LUSERRENT is the log of the ratio of housing user costs to housing rents. LRHDY is 

the log of real household disposable income. LAFF is the log of the affordability index. DLLHPI is the first 

difference of the log of the London house price index. TMR is the real three month interbank interest rate. ERR 

(-1) is the error terms from the long run relationship lagged one period. ERRL27 and ERRM27 are the 

asymmetric error terms that are identified by the Heaviside indicator for quarters in which the annual rate of real 

house price inflation was less than or equal to 2.7% or more than 2.7% respectively. t statistics in the long run 

equation are calculated using Newey West (1987) adjusted standard errors. *, ** and *** indicate 1, 5 and 10% 

levels of significance. 

Variable Coefficient t- Ratio 

Long run equation   

Constant 0.597 0.523 

LRHDY 1.007* 11.011 

DLLHPI 0.246*** 1.794 

LAFF 0.710* 14.838 

TMR -0.088* -7.109 

LUSERRENT -0.081* -2.653 

TWOQ 0.009 4.638 

ADJUSTED    0.930  

DW STATISTIC  0.427  

Short run ECM   

Constant  0.002 0.835 

DLRAHP(-1) 0.545 5.099 

DLRAHP(-2) 0.259 2.500 

DLRHDY(-1) -0.108 -0.519 

DLRHDY(-2) -0.117 -0.636 

DTMR -0.007 -1.737 

DTMR(-1) 0.006 1.052 

DTMR(-2) -0.003 -1.167 

DLAFF 0.116 3.413 

DLAFF(-1) -0.089 -2.165 

ERR(-1) -0.061*** -1.901 

ADJUSTED    0.588  

DW STATISTIC  1.977  

   

Asymmetric ECM   

Constant  -0.003 1.079 

DLRAHP(-1) 0.525* 4.931 

DLRAHP(-2) 0.271* 2.574 

DLRHDY(-1) -0.104 -0.498 

DLRHDY(-2) -0.118 -0.579 

DTMR -0.007*** -1.876 

DTMR(-1) -0.005 0.866 

DTMR(-2) -0.004 -1.308 

DLAFF 0.116* 3.469 

DLAFF(-1) -0.080** -2.003 

ERRL27 -0.098** -2.194 

ERRM27 -0.028 -0.461 

ADJUSTED    0.590  

DW STATISTIC  1.980  
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Model 3 which is reported in table 9 above examines the impact of adding recent real house 

price inflation TWOQ, the moving average of the last two quarters annualised house price 

inflation, as an explanatory variable, in an effort to model the impact of recent house price 

movements on house buyers price expectations and therefore on future housing demand and 

prices. The TWOQ variable has a statistically significant effect on real house prices in the 

UK, However it would appear to be the case that movements in London house prices 

DLLHPI (0.246) have a much greater impact on real house prices than movement s in house 

prices generally as measured by TWOQ. This is a finding which is worthy of greater 

investigation and may reflect the greater publicity afforded to movements in London house 

prices in the national press and media generally compared to movements in prices across the 

UK as a whole. 

In model three the simple error correction model suggests that short run real house prices 

adjust to their long run equilibrium real levels at a rate of 6.1% of the difference per quarter. 

Furthermore the asymmetric error correction model suggests that when prices are increasing 

above the long run average rate of 2.7 percent per annum, that short run prices converge on 

their long run equilibrium values at a rate of close to 10 percent of the difference  per quarter. 

As with model 2 the asymmetric error correction model does not result in a statistically 

significant coefficient on the ERRL27 variable, therefore suggesting that there is not an 

asymmetric adjustment process. 

The next step of the estimation procedure was to apply the long run real house price 

equations developed in models 1 to 3 above to the UK regions. Initial analysis showed that 

model 2 or 3 above was the preferred specification for individual regions. The results are 

reported in table 10 below. The number next to the regions name indicated whether model (2) 

or (3) was the preferred specification for each specific region. 

Real household disposable income (LRHDY) continues to be a robustly significant 

explanatory variable in all of the 10 UK regions where real house price equations were 

estimated.  Inspection of table 10 would suggest a broad north south divide with respect to 

the impact of real household disposable income on real house prices. The northern regions of 

the UK having elasticity’s in the range 0.57 to approximately 1 ( North, Scotland, North 

West, East midlands and Yorkshire and Humberside)  with those regions in the south of the 

UK having elasticity’s between 1.2 and 1.7 (South West, South East, London, East Midlands 
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and Wales).  This difference in income elasticity’s has been found to exist in previous 

studies, Meen (1999),  found that real house prices were more responsive to income changes 

in the south compared to the UK national average and less responsive in the north.  

Secondly, the ripple effect, emanating from changes in London house prices which was 

statistically significant in all of the national models reported in tables 5, 7, 8 and 9 is 

statistically insignificant in many of the regional house price equations (North, Scotland, 

North West, East Midlands, Yorkshire and Humberside). Those regions in which the impact 

of DLHPI are statistically significant are regions which are geographically more proximate to 

London,  of particular interest are the South West, South East and  East Anglia. In these 

regions the preferred estimation model is model 2, the coefficients on the DDLHPI variables 

in the national equation is 0.34, in the South East equation this coefficient is 0.83, that is 

nearly 2.5 times the elasticity in the national equation. In the South West the coefficient on 

the DLHPI variable (0.618) is 1.8 times the elasticity in the national equation. Finally in East 

Anglia the coefficient on the DLHPI variable (0.475) is 1.8 times the elasticity in the national 

equation. The differential impact of the DLHPI variable across UK regional housing markets 

suggests that the ripple effect may operate with a gravity effect.   

Furthermore, the gravity effect may reflect the excellent transport links which exist between 

London and the South East and East Anglia.   This would facilitate workers moving out of 

London and bidding up prices in the surrounding regions while still being able to commute 

back into London to work. While there are a number of papers,  Meen (1999) and Cook and 

Thomas (2003), that establish the existence of a ripple effect between London house prices 

and UK regional house prices , this result is suggesting that the effect is more localised. The 

nature of ripple effects in the UK housing market and the transmission mechanism(s) via 

which ripple effects impact house prices is worthy of more detailed further investigation. 

The LAFF and TMR variables perform remarkably consistently across all regions in terms of 

both statistical significance and the range of the elasticity’s across regions.  The 

LUSERRENT variable appears to work well in all regions except the north of England 

(North, North West and Yorkshire and Humberside). This may reflect the fact that this 

variable was dependent on national rental data as regional rental data was not available. 
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Table 10: Long run real house price equations for selected UK regions 1984-2009. In all cases dependent variable is the log of the real 

mix adjusted house price LRAHP. 

All log values are natural logs. LUSERRENT is the log of the ratio of housing user costs to housing rents. LRHDY is the log of real household disposable income. LAFF is 

the log of the affordability index. DLLHPI is the first difference of the log of the London house price index. TMR is the real three month interbank interest rate. TWOQ is the 

two quarter moving average of real house price inflation

Variable North (3) Scotland (3) South 

West(2) 

London(3) North West (2) South East 

(2) 

East 

Midlands (3) 

East Anglia 

(3) 

Yorkshire and 

Humberside 

(2) 

Wales (2) 

C 1.017 

(0.650) 

4.381* 

(3.544) 

-2.500*** 

(-1.664) 

-8.275* 

(-4.105) 

-0.415 

(-0.303) 

-2.190 

(-1.339) 

-2.500*** 

(-1.749) 

3.913* 

(2.326) 

-1.067 

(-0.681) 

-1.311 

(-0.951) 

LRHDY 1.010* 

(7.873) 

0.597* 

(6.150) 

1.356* 

(11.470) 

1.740* 

(11.456) 

1.054* 

(10.183) 

1.267* 

(10.392) 

1.307* 

(11.510) 

0.793* 

(5.851) 

1.139 

(9.354) 

1.253* 

(11.096) 

LAFF 0.660* 

(9.310) 

0.369* 

(6.651) 

 

1.070* 

(16.091) 

0.960* 

(12.216) 

0.697* 

(14.190) 

1.003* 

(14.451) 

0.837* 

(13.743) 

0.981* 

(11.955) 

0.734 

(0.734) 

0.855* 

(16.113) 

TMR -0.119* 

(-6.283) 

-0.086* 

(-6.032) 

-0.064* 

(-3.955) 

-0.029 

(-1.495) 

-0.094* 

(-6.308) 

-0.056* 

(-3.646) 

-0.077* 

(-4.682) 

-0.103* 

(-6.340) 

-0.091 

(-5.244) 

-0.092* 

(-5.543) 

LUSERRENT -0.049 

(0.790) 

-0.130* 

(3.064) 

-0.404* 

(-8.133) 

-0.331* 

(3.817) 

-0.040 

(-0.990) 

-0.384* 

(-7.017) 

-0.125** 

(-2.194) 

-0.327* 

(-5.097) 

-0.055 

(-1.208) 

-0.129* 

(-2.806) 

DLLHPI 0.083 

(0.560) 

0.164 

(1.229) 

0.618* 

(3.161) 

 0.006 

(-1.090) 

0.830* 

(4.303) 

0.151 

(0.999) 

0.475** 

(2.299) 

-0.020 

(-0.161) 

0.252*** 

(1.798) 

TWOQ 0.004** 

(2.236) 

0.002*** 

(1.886) 

 0.015* 

(4.856) 

   0.016* 

(5.582) 

  

 
 

 0.870 0.804 0.878 0.835 0.910 0.862 0.901 0.868 0.890 0.898 
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Finally for each region a simple short run error correction model was calculated based on the 

long run coefficients presented in table 10 and the short run error correction models 

employed in the national analysis and reported in tables 7, 8 and 9. Table 11 below reports 

the results for those regions where a significant error correction term was found to exist. 

Table 11 Short run error correction models for selected regions of the UK. In all cases 

the dependent variable is DLRAHP the first difference of the log of the mix adjusted 

real house price.  

DLRHDY  is the first difference of the log or real household disposable income. DTMR is the first difference of 

the real inter-bank three month interest rate. DLAFF is the first difference of the log of the affordability index. 

ERR(-1) is the error term from the equations reported in table *** for each region lagged one period. The table 

reports the coefficients on the variables in each specific regional error correction model, *, ** and *** indicate 

1, 5 and 10% levels of significance.,  

 North-West Yorkshire 

and  

Humberside 

Wales  East Anglia 

Variables     

     

Short run ECM     

Constant -0.001 0.002 -0.002 -0.004 

DLRAHP(-1) 0.491* 0.540* 0.297* 0.488* 

DLRAHP(-2) 0.288** 0.228** 0.210* 0.389* 

DLRAHP(-3)   0.231**  

DLRHDY(-1) 0.097 0.065 0.050 0.040 

DLRHDY(-2) 0.165 0.019 0.438 0.252 

DTMR -0.004 0.001  -0.003 

DTMR(-1) 0.004 -0.003  -0.007 

DTMR(-2) 0.003 -0.008  -0.007 

DLAFF 0.059 0.039  -0.037 

DLAFF(-1) -0.065 -0.015  0.010 

     

ERR(-1) -0.058** -0.065** -0.062*** -0.068*** 

     

ADJUSTED    0.477 0.511 0.292 0.488 

DW STATISTIC  1.982 1.955 1.899 2.07 

     

 

In all of the regions for which results are presented in table 11 the rate at which short run 

prices adjust to their long run equilibrium values lie within the range of 6-7 percent of the 

difference being corrected each quarter. The speed of adjustment in these regions is broadly 

in line with that suggested by the UK error correction models. However the inability of the 

error correction model employed in table 11 and variations of that model to explain short run 

real house price movements in the other regions of the UK would suggest that a significant 

amount of further research needs to be undertaken into the long run and short run drivers of 

real house prices in the UK regions. 
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7. Conclusions 

The central focus of this paper was to develop a long run structural equation that described 

how real mix adjusted house prices were determined in the UK. Specifically could that long 

run equation improve upon that which had been developed by IMF (2003, 2005) by 

employing explanatory variables which modelled buyers behavioural drivers of real house 

prices as well as the usual economic (fundamental) drivers of real house prices , such as those 

employed by IMF (2003, 2005) namely, real household disposable income and real interest 

rates. 

Having developed a long run structural equation would it be possible to create a short run 

error correction model that improved upon that reported in IMF (2003, 2005). Furthermore 

having created a short run error correction model was it possible to identify any asymmetries 

in the manner in which short run real house prices in the UK adjusted to their long run 

equilibrium values. 

The results of this analysis would suggest that any long run structural equation of UK real 

house prices should include explanatory variables that explicitly model buyer behavioural 

responses. Specifically it would appear that in addition to the explanatory variables employed 

by the IMF (2003, 2005), real household disposable income and the real rate of interest that 

the changes in London real house prices (DLHPI), the affordability of housing (LAFF), the 

ratio of housing user costs to housing rental costs (LUSERRENT) and the two month moving 

average of house real house price inflation (TWOQ) have a statistically significant impact on 

real house prices in the UK.  

The findings in this paper provide support for the suggestion that London house prices 

influence house prices in the rest of the UK, although the extent to which this is via an impact 

on ‘market psychology’ as a result of   a superstar city effect or due to a more fundamental 

transmission mechanism, such as those suggested by Meen (1999) is worthy of further 

investigation. The LAFF variable suggests that house buyers do move into the market as 

affordability deteriorates in order to make sure that they get onto the ‘housing ladder’ before 

it is too late. Thereby providing support for the behavioural response to increasing real house 

prices suggested by Shiller (2005, 2007).  The TWOQ variable suggests that house buyers 

develop expectations as to future house price movements using a very short term and 

simplistic adaptive expectations framework. 
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Finally, the performance of the LUSERRENT variable would suggest that an additional 

fundamental driver of UK real house prices should be added to real household disposable 

income and real interest rates. Specifically it would appear that an increase in housing user 

costs with respect to housing rental cost is causing house prices to fall as households move 

out of the owner occupation market into the rental market in a manner predicted by the rental 

equivalence model, (Diaz and Luengo- Prado, 2008). 

Having developed a structural equation for long run real house prices the second part of the 

analysis was to examine short run error correction models. The error correction models 

reported in Tables 7, 8 and 9 would suggest that the rate at which UK real house prices adjust 

to their long run equilibrium values is closer to 6 percent of the deviation between short and 

long run real prices per quarter as opposed to the 1.9 percent reported in IMF (2005) and re-

confirmed by the current estimate of the IMF model of 2 percent, see table 4. Tests for 

asymmetries in the adjustment of short run real house prices to their long run equilibrium did 

not find evidence of  statistically significant asymmetries. However the data did suggest that 

prices appear to be adjusting at a faster rate when real house price inflation is above the long 

run trend rate of 2.7 percent per annum. This issue is worthy of further investigation. 

The last issue examined in this paper was the robustness of the national equation when 

applied to UK regional housing markets. Generally, model 2 and model 3 of the long run 

house price equation performed robustly in the regional context. There would appear to be a 

significant amount of support from the analysis in this paper for Holman’s (1990, 1995) 

suggestion that the observed correlation between real house prices across the UK may not be 

due to spatial links between individual regional housing markets. Rather it is due to the fact 

that the same explanatory variables influence real house prices in all regions and that those 

variables move in the same direction over time. 

In so far as there are any spatial links between regions they may be more parochial than has 

been previously suggested. For example the regional house real house price equations 

calculated in this paper suggest that the impact of London real house prices diminished the 

further away from London a specific regional housing market was, suggesting that there may 

be a gravity element to the ripple effect that London house prices exert on regional house 

prices. Finally, The impact of real household disposable income on regional real house prices 

exhibited a distinct north south divide with real household disposable income elasticity’s 

being greater in the south than in the north.   
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Appendix 1:  ADF test results for variables used in long run real house price modelling.  
 

 

                      Unit root tests for variable LRHDY                        

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -1.6747      278.9039      276.9039      274.3501      275.8720     

 ADF(1)     -2.3169      289.6267      286.6267      282.7959      285.0788     

 ADF(2)     -2.3906      289.8641      285.8641      280.7563      283.8002     

 ADF(3)     -2.3242      289.8656      284.8656      278.4809      282.2857     

 ADF(4)     -2.3681      289.9997      283.9997      276.3381      280.9038     

 ADF(5)     -2.2400      290.0987      283.0987      274.1601      279.4868     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8918        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                      Unit root tests for variable LRHDY                        

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -1.4225      279.6891      276.6891      272.8583      275.1412     

 ADF(1)    -.024297      289.6539      285.6539      280.5462      283.5900     

 ADF(2)      .21409      289.9794      284.9794      278.5947      282.3995     

 ADF(3)      .22657      289.9829      283.9829      276.3213      280.8870     

 ADF(4)      .41392      290.2318      283.2318      274.2932      279.6199     

 ADF(5)      .33203      290.2678      282.2678      272.0523      278.1399     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4571        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                      Unit root tests for variable LRAHP                        

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 96 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q2                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -.79725      207.6749      205.6749      203.1106      204.6384     

 ADF(1)     -1.4099      242.3772      239.3772      235.5307      237.8224     

 ADF(2)     -1.8007      245.7077      241.7077      236.5790      239.6346     

 ADF(3)     -1.5194      246.4442      241.4442      235.0333      238.8528     

 ADF(4)     -1.3809      246.5110      240.5110      232.8179      237.4013     

 ADF(5)     -1.5104      246.8243      239.8243      230.8491      236.1964     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8915        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                      Unit root tests for variable LRAHP                        

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 96 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q2                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -.68196      207.6967      204.6967      200.8502      203.1419     

 ADF(1)     -1.7406      242.9756      238.9756      233.8469      236.9025     

 ADF(2)     -2.2582      246.7521      241.7521      235.3412      239.1607     

 ADF(3)     -1.9566      247.2930      241.2930      233.5999      238.1833     

 ADF(4)     -1.8394      247.3232      240.3232      231.3479      236.6952     

 ADF(5)     -1.9871      247.7562      239.7562      229.4988      235.6100     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4566        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                      Unit root tests for variable LLHPI                        

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -.82687      182.6361      180.6361      178.0822      179.6041     

 ADF(1)     -1.0076      200.9623      197.9623      194.1315      196.4143     

 ADF(2)     -1.1871      203.7272      199.7272      194.6194      197.6633     

 ADF(3)     -1.2352      203.9153      198.9153      192.5306      196.3354     

 ADF(4)     -1.5151      206.3695      200.3695      192.7079      197.2737     

 ADF(5)     -1.4334      206.4641      199.4641      190.5256      195.8523     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8918        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                      Unit root tests for variable LLHPI                        

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -.69120      182.7124      179.7124      175.8816      178.1645     

 ADF(1)     -1.3619      201.5216      197.5216      192.4138      195.4576     

 ADF(2)     -1.7380      204.7066      199.7066      193.3219      197.1267     

 ADF(3)     -1.8535      205.0645      199.0645      191.4029      195.9686     

 ADF(4)     -2.3461      208.2567      201.2567      192.3182      197.6449     

 ADF(5)     -2.2533      208.2579      200.2579      190.0424      196.1301     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4571        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                    Unit root tests for variable LUSERRENT                      

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -2.4179       15.5273       13.5273       10.9734       12.4954     

 ADF(1)     -1.9315       18.2807       15.2807       11.4499       13.7328     

 ADF(2)     -2.3509       21.4358       17.4358       12.3281       15.3719     

 ADF(3)     -2.2275       21.4837       16.4837       10.0991       13.9039     

 ADF(4)     -2.0132       21.9236       15.9236        8.2620       12.8277     

 ADF(5)     -1.7367       23.1020       16.1020        7.1634       12.4901     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8918        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                    Unit root tests for variable LUSERRENT                      

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -3.0914       17.3268       14.3268       10.4960       12.7788     

 ADF(1)     -2.3876       19.2953       15.2953       10.1875       13.2313     

 ADF(2)     -3.1866       23.7135       18.7135       12.3288       16.1336     

 ADF(3)     -3.0879       23.7734       17.7734       10.1117       14.6775     

 ADF(4)     -2.7799       23.8261       16.8261        7.8875       13.2142     

 ADF(5)     -2.3121       24.3822       16.3822        6.1667       12.2544     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4571        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                       Unit root tests for variable LAFF                        

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -.62959       96.0375       94.0375       91.4837       93.0056     

 ADF(1)     -1.3548      114.0834      111.0834      107.2526      109.5355     

 ADF(2)     -1.3432      114.0871      110.0871      104.9793      108.0232     

 ADF(3)     -1.4222      114.3093      109.3093      102.9246      106.7294     

 ADF(4)     -1.2366      114.8580      108.8580      101.1964      105.7621     

 ADF(5)     -1.1470      114.9760      107.9760       99.0374      104.3641     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8918        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                       Unit root tests for variable LAFF                        

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -1.2243       96.7602       93.7602       89.9294       92.2123     

 ADF(1)     -2.3809      116.3380      112.3380      107.2302      110.2741     

 ADF(2)     -2.4030      116.4288      111.4288      105.0441      108.8489     

 ADF(3)     -2.6046      117.0866      111.0866      103.4250      107.9908     

 ADF(4)     -2.3609      117.2657      110.2657      101.3271      106.6538     

 ADF(5)     -2.2622      117.2716      109.2716       99.0561      105.1438     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4571        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                       Unit root tests for variable TMR                         

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -1.3915      -84.7532      -86.7532      -89.3071      -87.7852     

 ADF(1)     -1.4519      -84.5568      -87.5568      -91.3876      -89.1048     

 ADF(2)     -1.2264      -84.0061      -88.0061      -93.1139      -90.0700     

 ADF(3)     -1.1279      -83.8458      -88.8458      -95.2305      -91.4257     

 ADF(4)     -1.2652      -83.4110      -89.4110      -97.0726      -92.5068     

 ADF(5)     -.84841      -80.6292      -87.6292      -96.5678      -91.2411     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8918        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                       Unit root tests for variable TMR                         

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -3.4360      -79.9743      -82.9743      -86.8052      -84.5223     

 ADF(1)     -3.8482      -78.4442      -82.4442      -87.5519      -84.5081     

 ADF(2)     -3.5743      -78.4431      -83.4431      -89.8278      -86.0230     

 ADF(3)     -3.5179      -78.2929      -84.2929      -91.9545      -87.3888     

 ADF(4)     -4.0695      -76.0383      -83.0383      -91.9768      -86.6501     

 ADF(5)     -3.3497      -75.1860      -83.1860      -93.4015      -87.3139     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4571        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                       Unit root tests for variable TWOQ                        

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 98 observations used in the estimation of all ADF regressions.                 

 Sample period from 1986Q1 to 2010Q2                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -2.1768     -223.2619     -225.2619     -227.8468     -226.3074     

 ADF(1)     -3.6351     -213.1133     -216.1133     -219.9907     -217.6816     

 ADF(2)     -2.7774     -212.2249     -216.2249     -221.3948     -218.3160     

 ADF(3)     -3.1111     -211.1781     -216.1781     -222.6406     -218.7921     

 ADF(4)     -2.1469     -208.1029     -214.1029     -221.8578     -217.2396     

 ADF(5)     -2.4463     -207.0990     -214.0990     -223.1464     -217.7585     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8909        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                       Unit root tests for variable TWOQ                        

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 98 observations used in the estimation of all ADF regressions.                 

 Sample period from 1986Q1 to 2010Q2                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -2.1775     -223.1053     -226.1053     -229.9827     -227.6736     

 ADF(1)     -3.6149     -213.0884     -217.0884     -222.2584     -219.1796     

 ADF(2)     -2.7433     -212.1590     -217.1590     -223.6214     -219.7729     

 ADF(3)     -3.0658     -211.1601     -217.1601     -224.9150     -220.2968     

 ADF(4)     -2.0790     -208.0205     -215.0205     -224.0679     -218.6800     

 ADF(5)     -2.3760     -207.0592     -215.0592     -225.3991     -219.2414     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4557        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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                      Unit root tests for variable LFTSE                        

      The Dickey-Fuller regressions include an intercept but not a trend        

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -2.4106      124.8554      122.8554      120.3015      121.8234     

 ADF(1)     -2.2206      127.6834      124.6834      120.8526      123.1354     

 ADF(2)     -2.2198      127.7127      123.7127      118.6050      121.6488     

 ADF(3)     -2.2129      127.7254      122.7254      116.3407      120.1455     

 ADF(4)     -2.1225      128.7774      122.7774      115.1158      119.6815     

 ADF(5)     -2.1192      128.8068      121.8068      112.8682      118.1949     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -2.8918        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               

 

 

                      Unit root tests for variable LFTSE                        

     The Dickey-Fuller regressions include an intercept and a linear trend      

***************************************************************************

**** 

 95 observations used in the estimation of all ADF regressions.                 

 Sample period from 1985Q3 to 2009Q1                                            

***************************************************************************

**** 

        Test Statistic      LL           AIC           SBC           HQC        

 DF         -.51888      125.0380      122.0380      118.2071      120.4900     

 ADF(1)     -1.0851      127.6963      123.6963      118.5885      121.6323     

 ADF(2)     -1.0278      127.7188      122.7188      116.3341      120.1389     

 ADF(3)     -.99504      127.7288      121.7288      114.0672      118.6329     

 ADF(4)     -1.2201      128.8543      121.8543      112.9157      118.2425     

 ADF(5)     -1.1785      128.8703      120.8703      110.6548      116.7424     

***************************************************************************

**** 

 95% critical value for the augmented Dickey-Fuller statistic =  -3.4571        

 LL  = Maximized log-likelihood      AIC = Akaike Information Criterion         

 SBC = Schwarz Bayesian Criterion    HQC = Hannan-Quinn Criterion               
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Appendix 2 Test Statistics and Choice Criteria for Selecting the Order of the VAR 

Model 
 

  

 

  ******************************************************************************* 

 Based on 97 observations from 1985Q1 to 2009Q1. Order of VAR = 4               

 List of variables included in the unrestricted VAR:                            

 LRAHP           LRHDY           LLHPI           TMR             LUSERRENT      

 LAFF                                                                           

 List of deterministic and/or exogenous variables:                              

 C                                                                              

******************************************************************************* 

 Order    LL        AIC      SBC             LR test         Adjusted LR test   

   4     1083.4  933.4269  740.3236             ------               ------     

   3     1034.5  920.4938  773.7352  CHSQ( 36)=  97.8663[.000]   72.6430[.000]  

   2   998.8864  920.8864  820.4727  CHSQ( 72)= 169.0811[.000]  125.5035[.000]  

   1   941.9741  899.9741  845.9052  CHSQ(108)= 282.9056[.000]  209.9918[.000]  

   0    86.9595   80.9595   73.2353  CHSQ(144)=   1992.9[.000]    1479.3[.000]  

******************************************************************************* 

 AIC=Akaike Information Criterion     SBC=Schwarz Bayesian Criterion            
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Appendix 3: Testing for co-integration between LRAHP, LRHDY,LUSERRENT, TMR, 

LAFF and LLHPI. 
 

 

 

      Cointegration with unrestricted intercepts and no trends in the VAR        

   Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix    

******************************************************************************* 

 99 observations from 1984Q3 to 2009Q1. Order of VAR = 2.                       

 List of variables included in the cointegrating vector:                        

 LRAHP           LRHDY           LLHPI           TMR             LAFF           

 LUSERRENT                                                                      

 List of eigenvalues in descending order:                                       

.50828     .32406     .23009     .12150    .056963    .038441                   

******************************************************************************* 

 Null    Alternative    Statistic     95% Critical Value     90%Critical Value   

 r = 0      r = 1        70.2750           39.8300                36.8400        

 r<= 1      r = 2        38.7735           33.6400                31.0200        

 r<= 2      r = 3        25.8867           27.4200                24.9900        

 r<= 3      r = 4        12.8246           21.1200                19.0200        

 r<= 4      r = 5         5.8063           14.8800                12.9800        

 r<= 5      r = 6         3.8807            8.0700                 6.5000        

******************************************************************************* 

 Use the above table to determine r (the number of cointegratingvectors).        

                                                                                 

 

 

      Cointegration with unrestricted intercepts and no trends in the VAR        

          Cointegration LR Test Based on Trace of the Stochastic Matrix          

******************************************************************************* 

 99 observations from 1984Q3 to 2009Q1. Order of VAR = 2.                       

 List of variables included in the cointegrating vector:                        

 LRAHP           LRHDY           LLHPI           TMR             LAFF           

 LUSERRENT                                                                      

 List of eigenvalues in descending order:                                       

.50828     .32406     .23009     .12150    .056963    .038441                   

******************************************************************************* 

 Null    Alternative    Statistic     95% Critical Value     90%Critical Value   

 r = 0      r>= 1       157.4469           95.8700                91.4000        

 r<= 1      r>= 2        87.1719           70.4900                66.2300        

 r<= 2      r>= 3        48.3984           48.8800                45.7000        

 r<= 3      r>= 4        22.5117           31.5400                28.7800        

 r<= 4      r>= 5         9.6871           17.8600                15.7500        

 r<= 5      r = 6         3.8807            8.0700                 6.5000        

******************************************************************************* 

 Use the above table to determine r (the number of cointegratingvectors).        

                                                                                 

 

 

      Cointegration with unrestricted intercepts and no trends in the VAR       

Choice of the Number of Cointegrating Relations Using Model Selection Criteria  

******************************************************************************* 

 99 observations from 1984Q3 to 2009Q1. Order of VAR = 2.                       

 List of variables included in the cointegrating vector:                        

 LRAHP           LRHDY           LLHPI           TMR             LAFF           

 LUSERRENT                                                                      

 List of eigenvalues in descending order:                                       

.50828     .32406     .23009     .12150    .056963    .038441                   

******************************************************************************* 

 Rank      Maximized LL        AIC             SBC             HQC              

 r = 0       939.4951        897.4951        842.9976        875.4453           

 r = 1       974.6326        921.6326        852.8619        893.8079           

 r = 2       994.0194        932.0194        851.5707        899.4697           

 r = 3         1007.0        937.9627        848.4311        901.7381           

 r = 4         1013.4        939.3750        843.3556        900.5254           

 r = 5         1016.3        939.2782        839.3661        898.8536           

 r = 6         1018.2        940.2186        839.0089        899.2690           

******************************************************************************* 

 AIC = Akaike Information Criterion    SBC = Schwarz Bayesian Criterion         

 HQC = Hannan-Quinn Criterion                                                   
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Appendix 4: 

Corrections to be made to: 

 

 ‘A national and regional analysis of the long run drivers of UK residential property 

prices 1984-2009’  

Following pre-defence on 23 November 2011in Tilburg. 

In relation to the structure of the paper: 

 

(Comments made by Prof. dr. D. Brounen) 

 

1. The starting point for the analysis, in terms of a benchmark, should be a re-estimation 

of the  error correction model estimated for the UK housing market IMF (2005) and 

IMF  (2003) using the data set that has been constructed. 

 

Response: The IMF (2003, 2005) model has been re-estimated and the results 

presented in table 4 of the amended paper. 

 

2. The clear focus of the paper should then be to determine any additionality to the 

results obtained by IMF (2005) that can be created by alternative modelling 

approaches, that is, the addition of more explanatory variables. 

 

Response: Tables 5 to 9 outline the results of adding more variables to the long run 

real house price equation. The suggestion is that the IMF specification has been 

improved upon by the addition of the USERRENT, LAFF and DDLHPI variables, all 

of which are statistically significant. Furthermore tables 5 to 9 illustrate that the 

amended error correction model is at least as robust as the IMF (2003, 2005) 

specification. Finally  the paper takes the IMF analysis a step further by testing the 

robustness of the UK long run real house price equation in the context of the UK’s 

regional housing markets.  
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3. The conclusions reached in the paper need to be linked more explicitly to the 

literature review. 

 

Response: An attempt to link the results of the analysis to the literature review has 

been done via a combination of the manner in which the results are commented upon 

and the concluding section of the paper. 

 

(Comments made by Prof. dr. FA de Roon) 

 

4. The paper needs to be more concise, specifically in relation to the explanation of and 

rational for the modelling strategy. 

 

Response: Section 5 of the paper which deals with the modelling framework has been 

completely re-written in order to provide a clear outline of the strategies adopted and 

the reason for their adoption. 

 

 

 

In relation to the explanatory variables included in the analysis: 

The following variables need to be introduced into the analysis. 

1. Affordability: modelled as (house price x loan to value x  interest rate) / household 

income. (Prof. dr. FA de Roon) 

 

Response: The variable has been included in the preferred long run equation and the 

error correction model. 

 

2. A more explicit development of house price expectations taking into account house 

price trends. (Prof.dr. LDR Renneboog) 

 

Response: A discussion of the nature of house price expectations is included in the 

literature review. In relation to modelling house price expectations a simple two 

quarter moving average of annualised house price inflation proved to be statistically 

significant. Four quarter and eight quarter moving averages were created and proved 
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not to be statistically significant. 

 

3. Model experts forecast to examine any impact they may have on house buyers’ 

expectations. (Prof.dr. LDR Renneboog) 

 

Response: A variable was created on the basis of an average of annual forecast 

reported in the UK press. The forecasts were made by HBoS, Nationwide Building 

Society and the Royal Institute of Chartered Surveyors RICS. The forecast variable 

(FOR) did not prove to be statistically significant. 

 

4. Introduce a user cost  / rents  variable as this will impact the rent or buy decision and 

will allow for the interaction of the owner occupation and rental markets. (Prof.dr. D. 

Brounen) 

 

Response: A USERRENT variable was created and proved to be statistically 

significant in all versions of the long run housing equation reported in the paper. 

Perhaps not unsurprisingly the variable was not statistically significant in the short run 

error correction models that were estimated. 

 

5. Produce simple correlation matrix to check correlation with dependent variable to 

ensure that no one explanatory variable is excessively correlated with the dependent 

variable. (Prof. dr. FA de Roon) 

 

Response: This was done and the results are reported in table 3 of the paper. The 

main impact of the modelling strategy was to change the way in which London house 

price variable (LHPI)entered the long run house price equation. 

 

In relation to the error correction model; 

 

1. Re-examine the sign on the error correction alphas and undertake a simple chow test 

for statistical difference. (dr. JC Rodriguez) 

 

Response: The error correction alphas now enter the model with negative coefficients 

suggesting a converging error correction process rather than an explosive one. In the 
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one instance where statistically significant error correction terms supported the 

hypothesis that the error correction process was asymmetrical the appropriate 

statistical test was undertaken. The methodology adopted is discussed in section 5 and 

the results are reported on page 47. 

 

In relation to published papers: 

 

1. Provide a clear explanatory note of ACORN ratings and how they reflect 

neighbourhood characteristics. (Prof.dr. D. Brounen) 

 

Response: Note is attached as appendix 2 to chapter 4 (page 125) 

 

Additional comments from Prof. dr. LDR Renneboog 

 

1. Is housing price influenced by sales method: private sale vs auction. If you do not 

have the data, you can mention this point in the text or footnote. 

 

Response: Proportionally extremely few residential properties in the UK are sold at 

auction so data is not available. The point is mentioned in a footnote on page 22.  

  

2. In the discussion or conclusions, you may have a couple of sentences on whether or 

not the findings can be extrapolated to the last few years. 

 

Response: This was not possible due to the time lag in producing data on private 

sector rents in the UK. This data was required for the USERRENT variable. 

 

3. One of the committee members suggested using a Durban Watson test to measure the 

degree of auto-correlation. 

 

Response: Durbin Watson statistics are reported for all long and short run equations 

reported in this paper. Where autocorrelation is detected the consequences for 

parameter estimates are discussed as are strategies to mitigate the effects of auto-

correlation. 
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4. One major issue that does not seem to be in your report is the suspicious R2 of 99.8% 

(spurious correlation) 

 

Response: The modeling strategies including the way in which variables are specified 

and entered into the preferred equations appears to have mitigated  the extent to which 

spurious correlation exists. 

 

5.  Equation 9: estimate beta with OLS. 

 

Response:  This was done and the results are reported in tables 7 to 9. 
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Chapter 3 

Estimating the impact of road traffic pricing on residential property values: an         

investigation of the London congestion charge. 

Abstract 

A congestion charge was introduced in the centre of London in February 2003. At the outset, 

the Charge was justified by local policy makers on the basis of an expected reduction in car 

journeys which would result in improvements in environmental amenity, relating to increased 

journey speeds across all transport modes, reduced accidents and reduced pollution. In so far 

as this proved to be the case we would expect the improved environmental amenity to be 

capitalised into increased local residential property values. Simultaneously, vocal ‘anti’ Traffic 

Congestion Charge lobbies suggested  that the introduction of  such a scheme  would  be 

detrimental to local residents in terms of increased motoring costs and the inability of road 

pricing to deliver expected benefits. This paper examines the extent to which these competing 

influences on residential property values have impacted house prices in Greater London 

subsequent to the introduction of road pricing.  

1. Introduction 

Following years of increasing traffic congestion throughout central London and the surrounding 

roads, the authorities (under the leadership of the Mayor) decided to adopt a congestion charge 

scheme which was intended to be an effective way of reducing both traffic and also pollution 

around the city. The introduction of this scheme has attracted significant attention and controversy 

from academics and public policy practitioners, the most prominent monitoring group within the 

public policy community being Transport for London (TfL). With the notable exception of 

Singapore, London is the only major city in the world which has implemented a road pricing 

policy designed to alleviate urban road congestion per se. Other countries and cities have 

considered road pricing in an urban context. In such cases, the objective has been to raise funds to 

finance road building or to improve the broader transport infrastructure. Congestion charging on a 

smaller and less technically complex basis exists in several Norwegian cities as well as in 

Melbourne, Australia, Durham in the UK and Toronto in Canada (Lay and Daley, 2002; Ramjerdi 

et al., 2004; Santos and Fraser, 2006). 

The introduction of the congestion charge scheme led to a 30% reduction in congestion in its first 

year. By 2006, approximately 70,000 fewer cars entered the congestion charge zone each day, in 
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comparison with those that entered the zone before the charging was introduced. Moreover, road 

safety improved with fewer road injuries per year since the scheme was implemented and the 

amount of cyclists on the London roads has also increased substantially in the last few years, as 

claimed by TfL (Transport for London, 2007). 

However, the introduction of the congestion charge scheme in central London has had wider 

effects than those described above, including for example, an impact on commercial activity and 

businesses in the areas affected, changes in the level of local employment and implications for the 

local housing markets, not only by potentially affecting the price of houses within the congestion 

zone, but also those houses that are in the immediate area outside the zone.   

This paper is concerned with the impact of the introduction of the congestion charge on house 

price inflation in the Greater London area. The significance of this study stems from the fact that 

housing and house prices are important to the local and national economies. Housing is the most 

important asset purchased by most UK households and a large proportion of people’s wealth is tied 

up in residential property.  

The structure of the paper is as follows: Section 2 briefly summarises the details of the congestion 

charge scheme, including its geographical boundaries, and the general environmental effects to 

date. Section 3 describes the dataset employed in this study and the main procedures adopted to 

render it suitable for statistical analysis.   Section 4 presents the modelling framework adopted in 

this paper, while Section 5 discusses the main empirical results. Finally, Section 6 draws together 

the main conclusions and summarises the key findings. 

2. The London Congestion Charge Scheme and its General Effects 

In this section, we briefly describe the details of the congestion charge scheme and report on the 

general environmental effects in terms of traffic flows, accidents and pollution. This serves as an 

introduction to the more detailed investigation of the implications of the scheme for London house 

prices. 

2.1. Details of the Scheme 

The congestion charge scheme was introduced on 17 February 2003. Initially a £5 per day charge 

was imposed for driving or parking a vehicle on public roads within the Central London 

congestion zone, on Monday to Friday between 7am and 6.30pm, excluding public holidays. 
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The initial Central London congestion zone was approximately 22Km
2
 and as such represented 

about 1.3% of the Greater London area. The congestion zone includes the financial centre, the 

Houses of Parliament, major tourist sites and the main centre of entertainment in London 

(commonly referred to as the ‘West End’). The boundary of the congestion zone is delineated by 

the Inner Ring Road and there are 174 entry and exit points, which are clearly signposted. Entry 

points are equipped with Automatic Number Plate Recognition (ANPR) software in order to record 

cars entering and exiting the congestion zone. The charge has to be paid in advance or on the day 

of entry until 10:00 pm with late payment available between 10:00 pm and midnight. The charge 

can be paid daily, weekly, monthly or yearly with a number of discounts
19

 available up to 100%. 

Londoners residing within the congestion charge zone receive a 90% discount subject to a one-off 

annual registration fee of £10.  

The congestion charge fee was increased to £8 on 4 July 2005. On 19 February 2007, the zone was 

extended westwards, resulting in an almost doubling of its area. At the same time, the charge only 

became payable between the hours of 7am and 6pm. 

2.2. General Effects of the Scheme 

Transport for London, in partnership with a number of academic organisations, has established a 

monitoring program to evaluate the transport, economic, social and environmental impacts of the 

Central London congestion charge (TfL, 2003). In the peak morning traffic period (7am-10am) on 

a typical weekday approximately 1.1 million people make trips in to or within Central London. 

Prior to the introduction of the congestion charge, 12% of trips in this peak period were made by 

car. In the months following the introduction of the charge, car trips in the congestion zone 

reduced by 20% in the peak period alone, equivalent to about 20,000 car journeys per day. This 

resulted in a significant increase in average traffic speeds from 13 Km/h to 17 Km/h. Peak period 

delays due to congestion fell by 30% and bus delays due to congestion fell by 50%. By the time 

that TfL produced its third annual report on the impacts of the congestion charge (Transport for 

London, 2005) it was clear that the improvements created by the initial imposition of the 

congestion charge had been maintained. 

The most recent congestion zone monitoring report (Transport for London, 2007) indicates that 

many of the benefits, in terms of reduced congestion, observed immediately after the introduction 

of the congestion charge have been maintained. The Report shows that the number of four-wheeled 

                                                           
19

 Full details of all discounts are available in TfL (2007), pp220-30. 

   



79 
 

vehicles entering the charging zone in 2006 was 21% lower than before charging in 2002. This 

equates to approximately 70,000 less car journeys per day in total as a result of the congestion 

charge. Additionally, between 2002 and 2006 taxi journeys entering the congestion zone had 

increased by 13%, bus journeys by 25% and pedal cycles by 49%. 

However, since 2006 a slight increase in congestion within the congestion zone was reported. It 

was thought that this is most probably due to traffic management programmes and improvements 

to the public realm which had temporarily reduced the capacity of the road system. This has meant 

that average speeds within the congestion zone had dropped back to 2002 levels. That said, excess 

waiting times for buses continued to be maintained at levels which were approach 50% less than 

2002 levels.  

Transport for London also reports that 40-70 fewer accidents per year occur within the Central 

London congestion zone as a result of congestion charging and, moreover, that the severity of 

accidents has also decreased.  This reduction is over and above that which was expected as a result 

of other road safety initiatives. 

In relation to emissions, the latest TfL report indicates that there has been an 8% reduction in 

oxides of nitrogen, a 7% reduction in fine particulate matter and a 16% reduction in carbon dioxide 

emissions as a result of the imposition of the congestion charge. 

Taking all of these impacts as a whole - the improvement in vehicle speed, the reliability and speed 

of public transport, the reduction in accidents and the reduction in emissions from transport 

vehicles – it would appear that the introduction of the congestion charge scheme has led to an 

improvement in the general environmental amenity enjoyed by residents within the Central 

London congestion charge zone. It is reasonable to expect, therefore, that such an improvement 

would be capitalised into the price of residential properties. It is the explicit purpose of this paper 

to examine the impact of the congestion charge scheme and the associated environmental amenity 

improvements on house prices and house price inflation in the Greater London area. The need for a 

study of this kind has been recognised by Mackie (2005, p.289) when he states that: 

 ‘TfL [has] allow[ed] nothing in the cost benefit table for Central London becoming a more 

pleasant local environment in which to walk, shop, visit, work and live.   It would be interesting to 

know, perhaps from a contingent valuation study, what this is worth.’  
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Before turning to the empirical investigation of the relationship between the congestion charge 

scheme and house prices, we first describe the dataset employed and its configuration to render it 

suitable for the purpose of this study.  

3.  Description of the Dataset 

This section describes the data employed in this study, including the data cleansing procedures 

adopted. In addition, we provide a brief descriptive statistical analysis to capture the movement of 

simple average house prices before and after the imposition of the congestion charge. 

3.1. The Dataset 

The results reported in this paper are based on a large dataset developed by HBoS (the biggest 

residential mortgage lender in the UK). The dataset covers all the house purchase transactions on 

which the HBoS group has provided mortgage loans between 1983 and 2007 although, for the 

purpose of this paper, we have only selected data for the period from 1999 to 2007.  

The analysis in this paper is limited to the impact of the congestion charge in Central London 

(excluding the westward extension which was introduced in February 2007). The richness of the 

data means that it is possible to test the impact on house prices within the congestion zone at 

various points in time – for example, the point at which the charge was introduced to the policy 

debate and the point at which it was implemented, as well as in the years since its inception.  

We have constrained the period of analysis to 1999 – 2007. The justification for this is that there is 

unlikely to have been any anticipatory effect on the local housing market before 1999, since it may 

be argued that the introduction of a congestion charge was not deemed to be a credible possibility 

before that date. This paper contends that it was not until the advent of the London Mayoral 

elections and the high probability that Ken Livingstone, a pro congestion charge candidate, would 

be elected that any anticipatory effect of the introduction of a congestion charge could reasonably 

be expected, a priori, to have an impact on property prices in what was to become the Central 

London congestion zone.  

The database includes purchase price, recorded at the mortgage approval stage, and provides a 

detailed breakdown of information on the following house characteristics:  

 number of habitable rooms; 

 floor space area; 

 number of bathrooms; 

 number of toilets; 
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 central heating;  

 number of garages and garage spaces; 

 garden; 

 age of the property. property type,  i.e. whether the house is detached, semi-detached 

terrace, bungalow, and flat or maisonette; 

 

Beyond the house characteristics, the database also includes information on the location of each 

property in terms of postcodes. The postcodes are combined with a special locational classificatory 

regime used in the UK, known as ACORN - A Classification of Residential Neighbourhoods. This 

regime allocates ratings according to geo-demographic information, allowing for the categorisation 

of the location of each property at two levels: at the micro level (immediate residential 

neighbourhood) and at the macro level (wider surrounding area). Moreover, the dataset also 

enables us to deduce whether a particular house lies within the congestion charge zone and, if not, 

how close it is from it.  

Based on this postcode information, the location of each property is classified into an ACORN 

group.
 20

  The HBoS dataset employs eight main ACORN groups, as shown in Table 1 below. 

Table 1: Description of main ACORN groups 

ACORN Group  Main Characteristics of Group 

A Areas where residents are wealthy investors 

B Prospering families 

C Areas of traditional money 

D Young urbanites 

E F G Areas of middle aged families (comfortable), contented pensioners 

and families and individuals looking to settle down (Middle Aged 

Comfort (E), Contented Pensioners (F) and Settling down (G)) 

H Moderate living 

I K Meagre means and impoverished pensioners 

J Inner city existence (low income singles and couples, multi ethnic 

young singles renting flats, high rise poverty – dependent on 

welfare-poor young – financially inactive) 

                                                           
20

 For full details of the ACORN classificatory system, based on postcodes, see CACI (2006). 
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3.2. Data cleansing 

Prior to modelling the data to study the impact of the congestion charge, the dataset was 

“cleansed”. The purpose of cleansing is take account of coding errors in the information and to 

eliminate properties which are atypical or can be described as outliers. Therefore, the cleansed 

dataset only includes those properties which met specific selection criteria.
21

 

The following sub-section provides an overview of some of the properties of the dataset used in 

this study. 

3.3. Data Properties 

The total number of observations in the dataset exceeds that which we have seen in any previous 

study and is commensurate with the position which the HBoS group has in the UK mortgage 

market. For reasons of commercial sensitivities we are not in a position to report absolute numbers 

in detail, however in the aggregate our data set exceeds 197.000 individual house sales 

transactions. Our data set relates to mortgage advances made over the period 1999 – 2007, 

embracing the Greater London area.  

Figure 1 below shows how average house prices have changed over time in Greater London and, 

specifically, how these have changed inside and outside the congestion charge zone. 

Figure 1: Movement of Simple Average House Prices (£) in Greater London, 1999-2007 

 

           Source: Authors Calculations
22

 

                                                           
21

 Details available from authors 
22

 The authors would like to acknowledge the research support provided by Marco Buttarazzi in compiling this 
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As the figure shows, house prices have generally been growing in Greater London for the period 

considered. The figure also shows that simple average house prices in the congestion charge area 

decreased temporarily following the introduction of the road pricing scheme, although this 

downturn was quickly reversed. 

In the next section, we turn to the modelling framework used in this study, which is based on the 

hedonic approach to price measurement. 

4. Modelling the Impact of the Congestion Charge on Property Prices 

The framework presented here is underpinned by a hedonic function, which describes a 

relationship between prices of heterogeneous goods or services and the quantities of characteristics 

that they exhibit. Lancaster (1966) and Griliches (1971) state that the value placed on goods or 

services by consumers is the result of the aggregation of their utility-bearing attributes rather than 

the provision of a single well-defined service in consumption. This theory was further expanded by 

Rosen (1974) and Triplett (1975).    

That is, if we consider a house price       this price will be a function of  housing characteristics 

such as the age, size and number of rooms, existence or otherwise of central heating (collectively 

denoted as Xht), neighborhood characteristics (Xnt) and environmental characteristics (Xet), some 

other unmeasured factors et (randomly distributed) which are specific to each house and where t 

represents the time period in which a specific house price pertains. Hence; 

                               (1) 

Categorical characteristics are represented by dummy variables taking a value of 1 when the 

particular characteristic is present. When regressing equation (1), a few important issues require 

particular attention. These are the choice of the functional form, the optimal combinations of the 

explanatory variables and the existence of multicollinearity. 

4.1 Choice of functional form 

Box and Cox (1964) have developed a statistical procedure based on likelihood ratio tests to 

identify the functional form providing the best fit. This procedure is used to identify the adequate 

transformation of the dependent variable, as well as the appropriate transformations of the 

explanatory variables considered. However, one limitation of this test is that it cannot assess any of 

the qualitative characteristics, due to the fact that they are represented by dummy variables. As a 
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result, the incorporation of qualitative variables to which price may be related non-linearly cannot 

be tested.  

The Box-Cox procedure is described in Spitzer (1982) and results reported in Fleming and Nellis 

(1991) have indicated that the regression results are substantially more sensitive to transformations 

of the dependent variable than of the explanatory variables. According to the Box-Cox test 

procedure, a logarithmic transformation of the dependent variable (in this case house price) the 

most appropriate functional form for the hedonic regression model. In many instances this 

preference is related to the ease with which parameter estimates can be interpreted. Furthermore, 

as Cropper et al (1988) suggest, the lack of theoretical guidance on functional form for hedonic 

price functions has led most researchers to adopt a goodness-of-fit criteria. Indeed Garrod and 

Willis (1992) favour the semi-log specification on this basis while Laasko (1992) points to the ease 

of interpretation. 

4.2 Optimal combination of explanatory variables 

Analyses were also carried out to determine the optimal combinations and appropriate 

transformations of the explanatory variables in the regression equations, based on the locational 

and physical house characteristics. In particular, the results showed that floor area consistently 

outperforms the number of habitable rooms in explaining house prices. 

4.3 Multicollinearity 

With such a rich data set it is desirable to use as many variables as possible to define our house 

price equation; however in practice some explanatory variables may be correlated with each other 

– in other words, the problem of multicollinearity may exist. Garrod and Willis (1992) indicate that 

multicollinearity is a common problem in hedonic price functions and one which is often 

conveniently ignored. 

As multicollinearity is such a significant issue in hedonic price equations we also undertook a 

number of other studies to test for it. As outlined in Belsey et al. (1980) eigenvalues can be 

employed to generate conditional indices and the conditional number (K). Where there is no 

multicollinearity present the eigenvalues for each parameter estimate would be equal to 1. As 

eigenvalues move away from 1 this indicates the existence of multicollinearity. The conditional 

indices matrix can be calculated by dividing eigenvalues λi/λj for all parameter estimates in the 

preferred equation. As a rule of thumb, values between 100 and 1000 in the conditional indices 

matrix would suggest moderate multicollinearity while values over 1000 would suggest the 
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problem of multicollinearity is a serious issue. Furthermore, it is possible to calculate a conditional 

number (K) by dividing the maximum eigenvalues attached to a parameter in our preferred 

equation by the minimum eigenvalues attached to a parameter in the equation, and taking the 

square root of the resulting value. That is: 

K = √(λmax/λmin)  (2) 

Again, a general rule of thumb is that if K lies between 10 and 30 there is moderate to strong 

multicollinearity and if it exceeds 30 there is severe multicollinearity.  

Finally, as the preferred regression equation covered more than one time period we have indexed 

the equation using the ‘time dummy’ method. (Fleming and Nellis, 1985). Therefore, with time 

incorporated as a dummy variable, percentage changes in price can be observed directly as the 

coefficient on the time variables. 

5. Empirical Results 

As noted above, the preferred equation emerged from a process of experimentation with functional 

form and combinations of explanatory variables. With respect to the latter, the data set created the 

option to include some variables in a continuous form or in the form of dummy variables such as 

in the case of the age of the property. The preferred equation was ultimately chosen on the basis 

that it most effectively addressed the issue of multicollinearity and on the basis of goodness-of-fit 

(adjusted R
2
).  

Table 2 presents details of the estimated regression equation.  The preferred equation has the 

natural log of house price as the dependent variable (ln P) and the following independent variables: 

dummy variables to capture the impact of house type (detached, semi-detached, terraced and 

bungalow); the existence of a garden; none or partial central heating; the age of the property (split 

into four distinct classifications - properties built between 1919-45, 1945-60, post-1960 and new 

build). A set of ACORN ratings dummy variables were included to allow for variability in 

neighbourhood characteristics while annual time dummy variables were included to allow for the 

influence of inflationary effects in the Greater London housing market not associated with the 

physical, neighbourhood or environmental characteristics of properties.  A dummy was 

incorporated to identify those properties which had been sold and were located within the Central 

London congestion charge zone area. Continuous measures of number of bathrooms, toilets, 

garages and garage spaces and floor space (measured in square metres) were also included in the 

final equation. 
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Therefore, the model provides an estimation of the influence of property characteristics with 

reference to a ‘standard’ house (Forrest et al 1996) - a standard property in this case being a flat, 

with no garden, full central heating, built prior to 1919 and with an ACORN D rating.  In all cases 

these characteristics were the modal characteristics in our data set. The modal characteristics are 

excluded from our equation and the coefficients on the included dummy variables can be 

interpreted as a percentage premium or discount relative to the excluded modal characteristic. The 

modal characteristics are excluded from our equation and the coefficients on the included dummy 

variables can be interpreted as a percentage premium or discount relative to the excluded modal 

characteristic.   For example, as flats is the excluded property type, it is suggested that a detached 

property would sell at a 20% premium, ceteris paribus, relative to a flat.  

All of the variables which relate to the characteristics of properties in Greater London and which 

are included in our equation attract statistically significant coefficients and have signs attached to 

the coefficients which are in line with expectations. Interestingly, properties built after 1919 all 

trade at a discount relative to those built before 1919. This most probably reflects the fact that 

some of Greater London’s most desirable properties were built prior to 1919. In addition, 

significant quantities of what might have been regarded as poor housing stock, built in the pre-

1919 period, have been refurbished or demolished and replaced by newer housing stock.  

The performance of the neighbourhood variables, the ACORN ratings, also produced no surprises, 

with all ACORN classifications (with the exception of ACORN A) trading at a discount to 

ACORN D, the ‘young urbanites’. The time dummy variables have picked up the significant house 

price inflation which occurred over the period 1999-2007 in the Greater London area. 

The performance of what Graves et al (1988) term ‘focus’ variables – in this paper the congestion 

zone variables CCZ(n) – is of primary importance. The coefficients on the congestion charge zone 

variables indicate that there was between a 43.3% and 40.8% premium for properties located in the 

congestion zone, ceteris paribus, as opposed to those located outside the congestion zone in the 

four years prior to the introduction of the Central London congestion charge. These values would 

also suggest that there are environmental amenities in Central London that are being picked up by 

the CCZ variables prior to 2003 such as proximity to the central business district, world class 

entertainment facilities and possibly high quality schools. Subsequent studies may attempt to dis-

aggregate these effects, but these are beyond the remit of this paper. 
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The relative stability of the coefficients on the CCZ variable over the period 1999-2002 does not 

provide any evidence to support a hypothesis that property prices within the congestion zone did 

increase in anticipation of the external benefits that the imposition of a congestion charge would 

afford residents of the Central London congestion charge zone. If one accepts that the major 

change in the environmental amenity post-2003, as perceived by individuals who were actively 

purchasing property in Central London, was due to the introduction of the congestion charge, then 

any change in property prices within Central London ceteris paribus can be attributed to the 

introduction of the road pricing scheme. Given the publicity which the introduction of the 

congestion charge attracted, anyone buying a property within the congestion zone will have been 

aware of its existence. It would appear that immediately after the introduction of the congestion 

charge there was a significant reduction in the premium attached to properties in Central London 

compared to the rest of Greater London, the premium falling to around 35% in 2003 and 21% in 

2004. This would be consistent with Link and Polak (2001) and Ryley and Gjersoe (2006) who 

suggest that the public may initially react unfavourably to the imposition of congestion charge, 

feeling that they already pay sufficient taxes associated with road transport. This may be 

accentuated by the fact that alternative transport modes may be felt to be unreliable, inefficient and 

unable to meet residents’ needs.  

However, as Ryley and Gjersoe (2006) suggest, perceptions of the benefits of the congestion 

charge may change as and when the scheme is deemed to be a success. The coefficients on CCZ 

2005, 2006 and 2007 would suggest that people purchasing property in Central London have 

become aware of the external benefits which the congestion charge has created. Thus purchasers 

have reflected these perceived external benefits in their buying behaviour in the housing market 

within the congestion zone. The coefficient on CCZ2005 is almost 29% and it increases further to 

37% in 2006, finally increasing to 41.1% in 2007 – suggesting that the premium that exists for 

properties within the congestion zone has returned to the level which existed before the 

announcement and implementation of the congestion zone and the associated charges
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Table 2: Estimated Equation – Dependent Variable ln P 

  

Coefficients 

 

Std. Error 

 

t stats. 

    

Constant 11.247 0.003 3238.280 

House Type 

   Detached 

 

0.226 

 

0.005 

 

49.931 

   Semi Detached 0.212 0.003 74.375 

   Terraced 0.165 0.002 76.464 

   Bungalow 0.273 0.007 38.016 

Number of Bathrooms 0.247 0.002 141.278 

Number of Toilets 0.062 0.001 42.737 

Number of Garages 0.038 0.002 20.627 

Number of Garage Spaces 0.013 0.001 10.863 

Garden 0.044 0.002 21.616 

Availability of Central Heating 

   None 

 

-0.041 

 

0.002 

 

-18.282 

   Partial -0.031 0.003 -9.721 

Size (in square metres) 0.004 0.000 185.718 

Age of Property 

   1919-45 

 

-0.099 

 

0.002 

 

-47.419 

   1945-60 -0.183 0.003 -63.548 

   Post 1960 -0.211 0.002 -103.723 

   New -0.161 0.004 -41.926 

Acorn Classification 

   Acorn A 

 

0.023 

 

0.004 

 

5.090 

   Acorn B -0.115 0.004 -27.329 

   Acorn C -0.226 0.007 -31.784 

   Acorn EFG -0.298 0.002 -136.520 

   Acorn H -0.380 0.003 -133.598 

   Acorn IK -0.498 0.003 -153.471 

   Acorn J -0.304 0.002 -140.500 

Time 

   Year 2000 

 

0.164 

 

0.004 

 

44.023 

   Year 2001 0.281 0.003 81.015 

   Year 2002 0.446 0.004 124.074 

   Year 2003 0.530 0.004 145.015 

   Year 2004 0.569 0.004 162.577 

   Year 2005 0.622 0.003 195.854 

   Year 2006 0.712 0.003 230.757 

   Year 2007 0.819 0.003 272.463 

Congestion Charge 

   CCZ 1999 

 

0.423 

 

0.025 

 

17.238 

   CCZ 2000 0.420 0.023 18.052 

   CCZ 2001 0.434 0.022 19.349 

   CCZ 2002 0.408 0.022 18.307 

   CCZ 2003 0.350 0.021 16.440 

   CCZ 2004 0.210 0.017 12.336 

   CCZ 2005 0.286 0.013 22.147 

   CCZ 2006 0.370 0.011 32.348 

   CCZ 2007 0.411 0.012 34.149 

 

Adjusted R²: 0.730;    F-Statistic: 13378.282;    Sample size: 197,516 

. 
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Finally, with respect to the empirical results, in order to assess the impact of multicollinearity a 

number of tests were performed on the data. The Klein procedure was implemented with each 

focus variable regressed on all the other independent variables in our preferred equation. Klein 

(1962) states that if the R
2
 values for these auxiliary regressions are less than the R

2
 values for the 

preferred equation then the existence of multicollinearity will not impact the reliability of the 

coefficients in the preferred equation. We found that the Klein test was easily satisfied
23

 in 

auxiliary equations which were constructed for the focus variables in our preferred equation, that 

is, the congestion zone variables. The eigenvalues of the coefficient estimates were used to 

compute a conditional number (K). For the preferred equation the value of K is 14.12, and as this 

value is between 10 and 30, it would suggest that moderate multicollinearity is present in the 

preferred equation, although the Klein test would suggest that multicollinearity is not an issue in 

the focus variables. 

6. Conclusions and Key Findings 

On the basis of the results presented above, it would appear that the announcement by the newly-

elected Mayor of London of his intention to introduce a congestion charge in Central London had 

no material effect on property prices prior to the introduction of the congestion charge. Therefore, 

there was no anticipatory effect associated with policy makers declared intensions. This means that 

any external benefits which the congestion charge may have created were not capitalised into 

property prices ahead of the introduction of the scheme. In addition, there is no evidence that any 

opposition to the introduction of a congestion charge had an impact on property prices prior to the 

introduction of the charge. This is consistent with Ryley and Gjersoe (2006) who argue that 

opposition to road charging tends to intensify very close to the point where such charges are about 

to become a reality. It is, therefore, not surprising that immediately after the introduction of the 

charge that property prices within the congestion zone appear to have dropped in value (relative to 

the rest of Greater London). The premium on properties within the congestion charge zone has 

been returning to its pre-2003 level since 2005, finally returning to pre congestion charge levels in 

2007. 

It is reasonable to argue, therefore, that house buyers within Central London are starting to 

capitalise some of the external benefits that the congestion charge has unambiguously created, or at 

                                                           
23

 Results of the auxiliary equations are available from the authors on request, R
2
 values ranged between 0.001 

and 0.14 when each of the CCZ variables were regressed on the other independent variables in the preferred 

equation. 
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worst are indifferent to the introduction of a congestion charge. As time passes it will be possible 

to revisit this analysis and examine the extent to which the premium on properties within the 

congestion zone increases above their 2003 levels. This is likely given the external benefits which 

Transport for London (2007) and a number of other studies have suggested. 

As Banister states, ‘congestion charging in Central London is the most radical transport policy to 

have been proposed in the last 20 years and it represents a watershed in policy action’ (Banister, 

2003, p.259). This policy has significantly impacted property prices in Central London as the 

analysis clearly indicates. The analysis suggests that the congestion charge has successfully 

delivered the anticipated external benefits. As a result, Londoners would appear to be aware of 

these benefits and have adjusted their house buying behaviour to reflect them. Paradoxically, the 

biggest threat to the ‘success’ of the Central London congestion zone and the newly introduced 

western extension may be the success of the London economy. London has enjoyed a period of 

unprecedented growth since the turn of the millennium. This new found wealth - if sustained - is 

likely to put upward pressure on road congestion and the efficacy of any congestion charging 

system. This in turn will require visionary leadership capable of taking difficult decisions if we are 

not to return to the congestion experienced prior to 2003 in central London. 

6.1 Acceptability of congestion charge 

The acceptability of road pricing has been subject to a significant amount of academic scrutiny in 

the UK. As Jaensirisak et al (2005) observes that while the acceptability level tends to be low, 

typically around 30% in surveys of interested parties, there are wide variations in the level of 

acceptability, both within and across different surveys. This would suggest that with careful design 

road pricing strategies can be ‘sold’ to the population whose support is ultimately critical if road 

pricing strategies are to be implemented. 

A consistent observation across many studies is the requirement for revenue hypothecation, that is, 

the revenues generated from road pricing must be devoted to improving transport. (Goodwin, 

1989; Jones 1991; Small 1992; Nash 2007 and Santos and Fraser 2006). Furthermore a clear 

articulation of the precise use of revenues is also critical to the achievement of acceptability for 

any road pricing strategy. However as Gaunt et al (2007) argue it is important that any proposed 

transport spending financed by revenues from the implementation of road pricing must be credible. 

Gaunt et al (2007) suggest that in the case of Edinburgh planned public transport improvements 

‘arrived too late’ were ‘insufficient, irrelevant or ill-defined’. As a result, a lack of clarity 
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regarding public transport improvement contributed to the Edinburgh proposal not receiving public 

support. 

It is therefore critical that road pricing is introduced as part of a credible package of transport 

measures designed to alleviate a problem of congestion which is clearly perceived to exist by a 

significant majority of the travelling public within an urban conurbation. (Jaensirisak et al 2005). 

The acceptability of any proposed road charging scheme will also be influenced by environmental 

benefits, improvements in road safety and equity. The latter point suggests that road pricing 

schemes should allow for the individual users ability to pay (Baron 1995; Golob, 2001). However 

equity considerations introduce complexity into pricing models and the technology that will be 

employed to enforce and collect charges. In the case of London equity considerations, in terms of 

differential charges were discounted in favour of the introduction of a technologically simple and 

economically transparent (single charge) system.  

A further key factor in achieving acceptability is the level of proposed charges. Simply the higher 

the proposed charge the less public support for the imposition of a charge. This effect is greater 

when ‘car drivers’ are surveyed as opposed to ‘non car drivers’ PATS (Pricing Acceptability in the 

Transport Sector Consortium) (2001). In the case of London this resulted in an inevitable political 

compromise, whereby the initial charge was set at £5 when a number of experts were stating that 

the ‘economically efficient’ charge should have been closer to £10. Furthermore the level of 

charges should not generate the perception that road charges are being used as an additional form 

of general taxation. Any charge which is deemed to be excessive may result in those car users who 

are impacted by the road use charge developing this view that taxation is being increased by 

stealth. 

The Norwegian Public Roads Administration (NPRA) (1999) provides evidence that attitudes to 

road pricing do change over time. A toll system introduced in Oslo in 1990 elicited a 30% 

approval rating in 1989, the year before its introduction. Immediately after introduction the 

approval rate increased to 36% and increased up to 46% in 1998. NPRA (1999) concluded that the 

use of the funds raised by the toll charge which resulted in an improved transport infrastructure in 

Oslo was central to the increased public acceptance of the road toll. 

For cities that are considering introducing congestion charges the analysis presented in this paper 

suggests that a key issue is getting acceptance of the scheme and making effected parties aware of 

the benefits of the scheme. Attempt to introduce congestion charges necessarily exist in heavily 
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politicised environments and, as such, individuals who are likely to be impacted by the 

introduction of a charge will get mixed and potentially confusing messages about the likely costs 

and benefits of any scheme. What is clear from this study is that, given time to assess the costs and 

benefits, house buyers in the Central London congestion zone have clearly identified the improved 

environmental amenity and reflected this in their house buying behaviour. Ultimately the 

congestion charge appears to have passed one of the most stringent economic tests, namely that the 

population impacted by the congestion charge policy have exhibited a revealed preference for the 

net benefits that the scheme has created. 

 

The introduction of a congestion charge in Central London has improved the level of 

environmental amenity. Traffic congestion has decreased and, as a result, public transport is 

faster and more reliable, accidents have declined in number and traffic emissions have been 

reduced. In particular, there is no evidence that the prospect of a congestion charge caused house 

buyers to alter their house buying behaviour within the Central London Congestion Charge Zone 

– in other words, there has been no anticipatory effect. In addition, immediately after the Central 

London Congestion Charge was introduced, property prices within the zone appear to have 

dropped relative to the rest of Greater London. This would appear to be related to a lack of 

acceptance of the benefits and/or an over-emphasis of the likely costs of the introduction of the 

charge to those buying properties within the zone. 

 

Finally, from 2005 onwards, property prices within the congestion zone started to return to their 

pre-2003 position with respect to the rest of Greater London. This is presumably due to house 

buyers being aware of the very real improvements in environmental amenity which were 

associated with the introduction of the Central London Congestion Charge. 
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Chapter 4 

 ‘The Price You Pay’: The Impact of State-Funded Secondary School Performance on 

Residential Property Values in England 

Summary: 

 

This paper examines the relationship between state-funded secondary school performance 

and local residential property values in seven major English cities. When choosing which 

secondary school they wish their children to attend, parents will be aware of the school’s 

performance in Key Stage 3, GCSE and A- level examinations. We suggest that GCSE 

examination results will be the measure of school performance that parental choice will be 

most closely correlated with. Therefore, secondary schools with good GCSE examination 

results will be ‘oversubscribed’ in that more students will wish to attend these schools than 

there are places available. Schools will then have to develop mechanisms for rationing the 

available places - central to rationing strategies in English schools at the moment is 

geographical proximity of the family home to the school of choice. Parents will thus have a 

strong incentive to purchase houses in the ‘catchment’ area of high performing schools. Our 

results suggest that this is the case, with high performing schools stimulating a price 

premium in local residential property markets of between 1%  and 3% for each additional 

10% point improvement in the pass rate in GCSE examinations. 

 

1. Introduction 

Stephen Gibbons and Stephen Machin (2008) state that anecdotal evidence, media reports, 

and even dinner party discussions lend credence to the claim that good schools raise local 

house prices. The capitalisation of school performance into local property values has been the 

subject of a number of studies in the US and latterly in the UK. Typically, these studies have 

been cross-sectional and have found a positive relationship between a chosen measure of 

standardised student test scores performance and local residential property values.   

 

The 1988 Education Reform Act introduced the national curriculum into English schools and 

legislated for the provision of testing of school children at ages 7, 11 and 14 at the end of Key 

Stages 1, 2 and 3 respectively. Students would then typically complete GCSE (General 

Certificate of Secondary Education) examinations at the end of Key Stage 4, aged 16. The 

Act placed a focus on measuring the outputs of state-funded education in England at the end 

of all four Key Stages.  This reflected a general concern on the part of those legislating to 
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provide outputs from the state education system which would equip the UK labour force with 

the skills, knowledge and competencies necessary to drive economic growth in an 

increasingly competitive global economy (Tom Elkins and John Elliott, 2004). 

 

The introduction of testing of school pupils at ages 7, 11 and 14, as well as public 

examinations at GCSE and A-level (at age 18), has provided a wealth of information on the 

performance of school children at specific stages of their school lives.  In addition, the formal 

inspection of schools by OFSTED (Office for Standards in Education) has provided 

additional detailed information on the performance of children, teaching staff and 

management in state-funded schools.  This has given parents a plethora of data upon which to 

assess the performance of schools. Furthermore, these data are readily available to parents at 

the Department for Children, Schools and Families (DCSF) web site. 

 

The single measure of school performance employed in this paper is the percentage of 

students gaining five or more GCSE passes at grades A* - C in any one year.  Full 

performance results (discussed later) are published each year by the DCSF (now referred to 

as the Department for Education).  It is reasonable to suggest, by implication, that good 

school performance will enhance future job possibilities.  However, this particular 

relationship is outside the scope of this study. 

 

This paper is concerned with the impact of state-funded secondary school performance on 

house prices in the owner-occupied sector in seven major cities/urban conurbations in 

England – Greater London, Birmingham, Bristol, Leeds, Greater Manchester, Liverpool and 

Newcastle. State-funded schools account for well over 90% of the total student population 

(see Chris Ryan and Luke Sibieta, 2010) while owner-occupied housing represents 87% of all 

properties (see Kathleen Scanlon and Christine Whitehead, 2004). These cities have been 

selected on the basis of geographical diversity and because they represent some of the largest 

conurbations in England.  

 

The cities are analysed separately because we wish to allow for the fact that housing markets 

in different parts of the country may capitalise school performance to a different extent. For a 

discussion and justification of this approach involving segmentation of the database into a 

number of metropolitan areas see David M Brasington and Diane Hite (2005). 
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The structure of the paper is as follows: the next section provides a review of the literature on 

the capitalisation of school performance into residential property prices, focusing on the so-

called hedonic approach to measurement (the methodology adopted in this study).  Section 3 

describes the data employed and the main procedures adopted to render it suitable for 

statistical analysis. Section 4 outlines the modelling framework adopted, while Section 5 

discusses the main empirical results. Finally, Section 6 draws together the main conclusions 

and findings. 

 

2.  Literature Review 

The value which parents place on good school performance would be easy to assess if 

education services were sold in a free and competitive market.  However, since there is no 

observable market price for state-provided schooling, an indirect method must be found to 

place a monetary value on the services provided by state-funded schools. 

   

The hypothesis we are proposing in this paper is that, ceteris paribus, a higher level of school 

performance will be capitalised into higher property values.  In other words, parents wishing 

to gain access to schools with a superior academic performance will bid up the price of 

properties which are most geographically proximate to a high performing school.  They will 

do this in order to ensure that their children are in the catchment area of the high 

performing/oversubscribed school and are therefore eligible for entry into that school (for a 

general discussion of the capitalisation of spatially differentiated environmental amenities – 

as in this study involving property prices, neighbourhood characteristics and school 

performance – see Sherwin Rosen (1974) and Roland Benabou (1996)). 

 

In reviewing the literature related to this study we are mindful of three key issues. The first is 

concerned with the question of what parents are implicitly purchasing when they buy a house 

proximate to a high performing school; that is, what is the most appropriate measure of 

‘good’ school performance? Secondly, what conditions are necessary in a local housing 

market for ‘good school performance’ to be capitalised into residential property prices? 

Finally, what are the methodological issues faced by researchers attempting to model such a 

relationship? 

 

A body of literature has focused on what parents are buying when they select schools for their 

children. In this context Thomas A Downes and Jeffrey E Zabel (2002) in their study of the 
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impact of school characteristics on house prices in Chicago found that homeowners paid 

attention to school outputs, i.e. test scores, and not inputs in the form of per pupil 

expenditures by schooling authorities.  David M Brasington and Donald R Haurin (2006) 

examined the extent to which homeowners valued traditional measures of school 

performance (absolute test scores) of which the UK’s GCSE examination pass rates are an 

example.  These traditional measures contrast with the relatively new value-added measures 

of school quality, which attempt to measure the capability of students as they enter the 

secondary schooling process and compare this with the test scores on exit, the difference 

between the two being the value added.  With this approach it is the measure of value added 

which acts as a measure of school quality rather than the absolute performance at the end of 

the process.   

 

Whilst educationalists may argue that the value-added approach represents a much more 

effective evaluation of school performance, Brasington and Haurin (2006) report that 

homeowners value average test scores and levels of expenditure on education above any 

measure of student value-added when assessing local school performance.  They argue, 

therefore, that it is average test scores which are capitalised into local property prices rather 

than value-added measures of school performance. 

 

In relation to what conditions must exist in the local housing market for good school 

performance capitalisation to occur David A Starrett (1981), David E Wildasin (1987), 

William H Hoyt (1999) and Christian A L Hilber and Christopher C J Mayer (2002) all argue 

that where there is a relatively inelastic supply of housing, land and house prices will rise in 

those areas which provide relatively more attractive amenities, to the point where the 

additional price paid reflects the perceived additional value of high-quality local amenities. 

The capitalisation of local amenities and neighbourhood effects into residential property 

values has been widely researched in the USA. Brasington (2002) provides a thorough 

overview of the capitalisation debate, the key point being that capitalisation of any 

differential in local amenity is contingent upon a supply of housing which is inelastic with 

respect to price. However, Paul Cheshire and Stephen C Sheppard (2004) challenge this view 

and argue instead that differences in housing supply elasticities do not imply different levels 

of capitalisation. In particular, they point out that ‘it is possible that observed reductions in 

capitalisation might exist for other reasons, related to the availability of substitute sources of 

education, variations in the physical characteristics of the housing stock making it more or 
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less suitable for accommodating children or the degree of uncertainty attached to current 

measures of school quality’ (pp. 400-1). 

 

Furthermore, Cheshire and Sheppard (2004) concur with Timothy J Bartik (1988) who argues 

that it is the elasticity of supply of the local amenity, in this paper good schooling, that will 

influence the extent of capitalisation.  On this basis we might expect a reduction in the 

premium paid for good school performance, as the average level of school performance 

increases. 

 

Some of the literature in this area focuses upon the inter-temporal nature of the capitalisation 

of improved local amenity. Bartik (1988) identifies a three stage process. In the first instance 

there is an improvement in local amenity. This is followed by a second stage whereby the 

improvement in local amenity is recognised by those agents who are active in the local 

property market. The third stage involves these agents reflecting improvements in local 

amenity in their willingness to pay a premium for properties that embody the improved local 

amenity.  This process is important in the context of this study. Schools are incentivised to 

improve the academic performance of their students in public examinations; this improved 

performance is then reported in official statistics released by the DCSF and, finally, house 

buyers can be expected to react to the improved school performance in their willingness to 

pay for properties which are proximate to the high performing schools. 

 

Finally, there is a rich literature dealing with the capitalisation of secondary school 

performance on residential property prices based on the so-called hedonic approach to 

measurement in which the sale price of a property is a function of the physical characteristics 

of the house as well as its environmental amenities and location. Lori L Taylor (2005) and 

Ian Davidoff and Andrew Leigh (2007) provide reviews of this literature, citing studies by 

Cheshire and Shepherd (2002, 2004); Gibbons and Machin (2003, 2006); Leslie Rosenthal 

(2003); Patrick J Bayer, Robert McMillan and Fernando V Ferreira  (2003); Sandra E Black 

(1999); Downes and Zabel (2002); Thomas J Kane, Douglas O Staiger and, Stephanie K 

Riegg (2005); Randall Reback (2005); David L Weimer and Michael J Wolkoff (2001); 

Kathy J Hayes and Lori L Taylor (1996); Brian A Cromwell and William T Bogart (1997); 

Haurin and Brasington (1996) and Dennis Leech and Erick Campos (2003).  
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A fundamental challenge facing the hedonic approach in this context is to ensure that 

neighbourhood quality is correctly modelled. Failure to do so would result in biased estimates 

of the impact of local school quality (performance) on local house prices. Specifically, as 

Black (1999) indicates, the standard hedonic approach will produce upwardly bias estimates 

of the impact of school performance on house prices if there are unobserved neighbourhood 

characteristics that are correlated with school quality and likely to influence house prices.  

Residential property prices reflect not only the characteristics of the properties themselves but 

also those of the surrounding neighbourhood – and it is reasonable to assume that higher 

status neighbourhoods tend to have better schools due to the pupils’ family backgrounds, the 

general quality of teachers, resources paid for by parents etc. Theodore M Crone (1998) 

argues that empirical evidence is available to show that academic achievement can be 

improved by the peer group effect. The existence of this ‘endogeneity problem’ can be 

addressed in a number of ways. 

 

Davidoff and Leigh (2007) indicate there are four broad approaches to tackling the 

‘endogeneity problem’. One approach is to control for variation in neighbourhood effects by 

using data relating to properties  adjacent to but on opposite sides of school catchment 

boundaries - see Black (1999) and Gibbons and Machin (2003, 2006). In doing so, this 

approach implicitly controls for differences in neighbourhood quality by assuming that such 

properties will have identical neighbourhood characteristics. This approach, however, does 

not take into account distance between properties on either side of the school catchment 

boundaries and the fact that properties at opposite ends of a particular school catchment 

boundary may exhibit very different and perhaps unobservable neighbourhood 

characteristics. 

 

A second approach is to investigate whether the data allow for any ‘natural experiments’ such 

as changes in school quality over a number of years, schools which may have been closed, 

opened or other changes in their characteristics and to investigate whether property prices 

follow such changes. This approach is adopted by Kane, Staiger and Riegg (2005) and 

Reback (2005). The weakness of this approach is that it assumes that the mix of 

neighbourhood characteristics does not change over time. 

 

A third approach is do adopt an instrumental variables methodology which predicts 

residential property values independent of school performance and then rigorously tests for 
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school quality effects. An example of this approach can be found in Rosenthal (2003) who 

uses government inspections as an instrument for school quality. As Gibbons and Machin 

(2008) suggest the challenge for such an approach is to find appropriate instruments which 

are causally related to variations in school performance while ‘otherwise unrelated to housing 

prices’. 

 

The fourth approach, and the one adopted in this study, is to explicitly include variables 

which measure the ‘quality’ of the residential neighbourhood  which may change over time  

alongside information concerning the physical characteristics of  houses and the performance 

of the closest school.  Examples of this approach include Weimar and Wolkoff (2001) and 

Downes and Zabel (2002). As noted above it is vital that the effect of neighbourhood 

characteristics is correctly modelled.  

 

The study reported in this paper seeks to make a contribution to this expanding area of 

research. This contribution can be gauged in a number of ways:  we employ (a) a data set 

which has exceptional breadth and depth; (b) we explicitly incorporate neighbourhood 

characteristics effects, thereby addressing the endogeneity issue common to studies of this 

kind;
24

 (c) our ability to disaggregate the data set across different metropolitan areas allows 

for housing market segmentation and (d) the inter-temporal nature of our data set allows us to 

model the impact of changes in average school performance  and changes in neighbourhood 

composition over time.  

 

3. Description of the Dataset 

 

The results reported in this paper are based on an exceptionally large dataset developed by 

HBoS (the largest residential mortgage lender in the UK). The dataset covers all the house 

purchase transactions on which the HBoS plc group has provided mortgage loans although 

for the purpose of this paper, we have only selected data for the years 2001 to 2007. This 

period is chosen as a result of a desire to present estimations of capitalisation which are 

contemporary rather than historical and, following Bartik (1988), a desire to allow for a 

                                                           
24

 We acknowledge the comments made by a referee concerning the importance of addressing the problem of 

endogeneity in studies of this kind. The depth and quality of the data set employed here has allowed us to 

control for the physical house and neighbourhood environmental characteristics in a way that ensures that 

parameter estimates on our focus variable (school performance) are not upwardly biased (see Section 5 below 

for additional discussion of the empirical results). 
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period of time to elapse whereby house purchasers were fully aware of differing school 

performances and could reflect this in their willingness to pay for properties.  

 

3.1  Data on School Quality 

In the analysis below the data on ‘school quality’ measure the performance of individual 

schools in terms of the percentage of students attaining five passes at GCSE grades A* to C.   

This percentage score was entered as a continuous variable in our preferred hedonic house 

price regression model. The data on school performance was obtained from the DCSF 

website for the years 2000-2006. The website also provided us with the required locational 

data in terms of the postcode of each school. In order to allow for the capitalisation of school 

performance into property prices we have lagged the school performance data one time 

period.  Thus, we have regressed 2002 property prices on 2001 school performance results.  

The rationale for this approach is that it is historical school performance data that will impact 

current offer prices for residential properties. In addition, we are suggesting that it is the most 

recent historical school performance data that will have the most immediate impact on the 

price offered by house purchasers. We experimented with three-year moving averages of 

school performance but found that school performance in the previous year performed more 

effectively as an explanatory variable. 

 

3.2  Data on Physical House Characteristics 

The data on physical house characteristics is provided from the HBoS mortgage data set.  The 

richness of the dataset allows us to analyse the impact of school performance on residential 

property values to an extent wh  ich we feel has not been possible for researchers previously 

in the UK.  The database includes a detailed breakdown of the information on the following 

house characteristics: 

 purchase price of the property recorded at the mortgage approval stage 

 property type, ie. whether the house is detached, semi-detached, terraced, bungalow, 

flat or maisonette; 

 number of habitable rooms; 

 floor space area; 

 number of bathrooms; 

 number of toilets; 

 availability of central heating; 

 number of garages and garage spaces;  

 garden; 

 age of property. 
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3.3  Data on Neighbourhood Characteristics 

Over and above these physical house characteristics, the database also includes information 

on the location of each property in terms of postcodes.  In order to locate each property and 

each school in our dataset, we employed Royal Mail Post Office postcodes.  We then utilised 

the Royal Mail's POSTZON software to provide us with an Ordnance Survey (OS) grid map 

reference. This grid reference effectively places each property on the bottom left-hand corner 

of a 100 metre by 100 metre grid.  To each of the Eastings and Northings of the OS grid 

reference a five was added, which effectively located each of our properties at the centre of 

the 100 metre by 100 metre grid; i.e., at the expected location of any property within a 100 

metre grid.  We then developed a simple computer macro which applied Pythagoras's 

theorem and calculated the straight line distance between each property in the dataset and the 

nearest school. 

 

Rosenthal (2003) reports that POSTZON locates each school and house within a maximum of 

70 metres of its true location and concludes that for the purpose of locating the nearest school 

to a given residential property, the use of the POSTZON database is unlikely to result in a 

serious misallocation of houses to the nearest school. Gibbons and Machin (2008) suggest 

that a lack of clearly defined catchment areas for state schools introduces an amount of 

ambiguity in the link between residential property locations and accessibility to school. 

However, of primary interest to this study is the motivation for parents to purchase a property 

close to their school of choice. Parents will do this when they believe that a school is 

oversubscribed and that the criteria which may be applied to their child’s application for 

entry, in extremis, is straight line distance from the family home to the school of choice. 

Interestingly, the incentive to purchase a house close to a ‘high performing’ school may be 

greater in households where the oldest child is about to enter secondary education and there 

are younger brothers and sisters. In this case the ‘straight line distance’ criteria may be 

applied to the eldest child but subsequent children would be ‘guaranteed’ a place on the basis 

that an elder brother or sister attended the school. We have not been able to control for this 

effect in this study. 

 

The dataset also includes a special locational classification regime used in the UK, known as 

ACORN, A Classification of Residential Neighbourhoods – for the full details of the ACORN 

classification system, based on postcodes, see CACI (2006).  This regime allocates ratings 

according to geo-demographic information, allowing for the categorisation of the location of 
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each property at two levels: at the micro level (immediate residential neighbourhood) and at 

the macro level (wider surrounding area). In our study the inclusion of ACORN codes, in so 

far as they allow for the influence of the socioeconomic characteristics of a neighbourhood 

population, should pick up some of the so-called peer group affects; ie, our study allows for 

the socio-economic impacts on school performance noted by Crone (1998). See appendix 2 

for more detail on ACORN codes. 

 

Based on postcode information, the location of each property is classified into one of eight 

main ACORN groups as shown in Table 1 below. 

 

Table 1: Description of Main ACORN Groups 

 

ACORN Group  Main Characteristics of Group 

A Areas where residents are wealthy investors 

B Prospering families 

C Areas of traditional money 

D Young urbanites 

E F G Areas of middle-aged families (comfortable), contented 

pensioners and families and individuals looking to settle down 

(Middle Aged Comfort (E), Contented Pensioners (F) and Settling 

down (G)) 

H Moderate living 

I K Meagre means and impoverished pensioners 

J Inner city existence (low income singles and couples, multi ethnic 

young singles renting flats, high rise poverty – dependent on 

welfare-poor young – financially inactive) 

 

Finally, it should be noted that prior to estimation the dataset has been ‘cleansed’ to exclude 

properties which are atypical or can be described as outliers as well as to take account of 

coding errors in the data entry processes. In addition, houses are excluded if the nearest 

school is further than 10 kilometres away in order to provide an outer boundary to the urban 

conurbations that we have studied. 

 

4. Modelling Framework 

 

In this study we employ the hedonic approach to pricing to determine a monetary valuation 

which parents place on the performance of schools.  The hedonic method makes use of 

information on property prices (Pit) and property characteristics to determine the value of 

individual attributes.  These attributes include physical attributes of a particular house 

(denoted by Xht ) as described earlier, as well as neighbourhood variables (Xnt ), and  
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environmental variables (Xet )  which in this study include the ‘quality’ of the most proximate 

state school.  

 

Thus the general hedonic price model to be estimated is as follows: 

 

Pit = f (Xht, Xnt, Xet, eit)   (1) 
 

where:   

Pit  = house price i in time period t 

Xht = physical housing characteristics  

Xnt = neighbourhood (location) characteristics 

Xet = environmental characteristics 

eit  = unmeasured factors 

 

By regressing the physical, neighbourhood and environmental characteristics of a set of 

properties against the purchase price as the dependent variable, it is possible to calculate 

implicit prices for each of the characteristics.
25

   

 

It should be noted that in hedonic estimation attention must be given to the choice of an 

appropriate functional form, the optimal combination of explanatory variables and the 

potential problem of multicollinearity. Tests developed by George E P Box and D R Cox 

(1964) are employed in this study and resulted in a semi-log specification as the most 

appropriate functional form. This particular functional form has the advantage of ease of 

interpretation of parameter estimates. Analyses were also carried out to determine the optimal 

combinations and appropriate transformations of the explanatory variables in the regression 

model. In particular, the results showed that floor area consistently outperforms the number 

of habitable rooms in explaining house prices. 

 

With such a rich data set it is desirable to use as many variables as possible to define our 

house price equation; however, in practice, some explanatory variables may be correlated 

with each other – in other words, the problem of multicollinearity may exist. Garrod and 

Willis (1992) indicate that multicollinearity is a common problem in hedonic price functions 

and one which is often conveniently ignored. Tests for multicollinearity were conducted 

                                                           
25

 Hedonic pricing methods have also been employed to calculate the value of a wide range of both “welcome” 

and “unwelcome” local amenities.  These include aircraft noise (Terrence J Levesque, 1994), air quality 

(Kenneth Y Chay and Michael Greenstone, 2004), hazardous waste sites (Jill J McCluskey and Gordon C 

Rausser, 2000), woodland (Guy Garrod and Ken Willis, 1992) and the proximity of churches (A Quang Do, 

Robert W Wilbur, James L Short, 1994; Thomas M Carroll, Terrance MClauretie, Jeff Jensen, 1996).   
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based on the methodology outlined in David A Belsey, Edwin Kuh and Roy E Welsch. 

(1980).  

 

The performance of what Philip Graves et al (1988) term ‘focus’ variables – in this paper, the 

school performance variable - is of primary importance. We experimented with dummy 

variables including those which separated the dataset into discrete deciles and excluded the 

deciles which included the national average and local average school performances; we also 

experimented with excluding lower deciles and higher deciles.  Dummy variables were 

included to pick up the effect of better than and worse than performances with respect to 

national and local averages.  In all of these cases the dummy variables failed to work as 

effectively as the continuous specification of the school performance variable that we 

ultimately included in our preferred equation. 

 

Finally, as the preferred regression equation covered more than one time period we have 

indexed the equation using the ‘time dummy’ method  (Michael C Fleming and Joseph G 

Nellis, 1985). Therefore, with time incorporated as a dummy variable, percentage changes in 

price can be observed directly as the coefficient on the time variable, our base year in all 

cases being 2001. 

 

5. Empirical Results 
 

The final regression model uses the natural log of house price as the dependent variable (ln 

P). Combinations of the following independent variables were used: dummy variables to 

capture the impact of house type (detached, semi-detached, terraced, flat and bungalow); the 

existence of a garden; none or partial central heating; the age of the property (split into five 

distinct classifications – properties built prior to 1919,  properties built between 1919-45, 

1945-60, post-1960 and new build).  A set of ACORN ratings dummy variables was included 

to allow for variability in neighbourhood characteristics while annual time dummy variables 

were included to allow for the influence of inflationary effects over the period 2001-2007 not 

associated with the physical, neighbourhood or environmental characteristics of the 

properties in our dataset.  A dummy variable was incorporated to link each property in our 

dataset with the nearest secondary school.  Continuous measures of numbers of bathrooms, 

toilets, garages and garage spaces and the size of a property, which measures the internal 

floor space (measured in square metres) were also included in the final equation. Our data set 

allowed us to experiment with specifications which included the number of habitable rooms 
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but this specification was rejected in favour of a continuous floor space variable on the basis 

of goodness-of-fit and the overall performance of other variables in our preferred equation. 

 

Therefore, the model provides an estimate of the influence of property characteristics with 

reference to a ‘standard’ house (David Forrest et al 1996). In this study our standard property 

in each city was determined on the basis of identifying the modal characteristics. Thus in all 

cities the standard house had full central heating and no garden while the excluded house 

types, house ages and ACORN types are reported in Table 2 below.  The modal 

characteristics are excluded from our equation and the coefficients on the included dummy 

variables can be interpreted as a percentage premium or discount relative to the excluded 

modal characteristic. 

 

Table 2: Excluded house type, house age and ACORN code by city 

 

City House type House Age* ACORN 

Birmingham Semi-detached 1960+ IK 

Bristol Terraced Pre 1919 EFG 

Leeds Terraced 1960+ IK 

Liverpool Semi-detached 1960+ IK 

London Flat Pre 1919 D 

Manchester Terraced 1960+ IK 

Newcastle Semi-detached 1960+ IK 

*1960+ denotes properties built after 1960, but not new build. 

The regression results are presented in the Appendix, Tables A – G for each of the seven 

cities in turn. 

 

Table 3 below reports the estimated regression coefficient on the school performance variable 

in each of the seven cities along with the corresponding average standard deviation. This 

allows us to report a percentage house price premium for an additional one standard deviation 

of school performance above the average in each city. The inclusion of the average house 

price in each city in 2007 allows us to monetise the premium for an additional one standard 

deviation of school performance above the mean. 
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Table 3: Coefficient on school performance variable and the residential house price premium 

for a local school with GCSE performance one standard deviation above the local average. 

 

City Coefficient Average 

standard 

deviation 

of GCSE 

results 

Percentage 

house price 

premium for 

one 

additional 

standard 

deviation in 

school 

performance 

Average 

house 

price 

(£, 2007) 

House price 

premium for 

one 

additional 

standard 

deviation  

(£, 2007) 

Birmingham 0.001 17.31 +1.7% 197,086 3,350 

Bristol 0.003 18.07 +5.4% 250,210 13,511 

Leeds 0.002 18.33 +3.6% 178,284 6,418 

Liverpool  0.001 21.08 +2.1% 188,378 3,956 

London 0.001 18.64 +1.9% 367,029 6,973 

Greater 

Manchester 

0.002 15.96 +3.2% 188,372 6,028 

Newcastle 0.001 16.06 +1.6% 169,858 2,718 

Source: average standard deviation based on authors’ calculations employing DCSF data. 

 

The above results suggest that in Birmingham, Liverpool, London and Newcastle, for every 

10% point improvement in the average GCSE pass rate (% or more GCSEs at grades A*-C), 

property prices increase by 1%. This would imply that, ceteris paribus, a school which had a 

pass rate of 80% would give rise to a local property price premium of 4% compared to 

properties where the local state-funded secondary school had a pass rate of 40%.  

 

In order to facilitate comparison across a number of studies, Gibbons and Machin (2008) and 

Davidoff and Leigh (2007) summarise the results of various studies by reporting the 

percentage increase in house prices stemming from an increase in school performance 

equivalent to one standard deviation above the  city mean.  Table 3 shows the average 

standard deviation of results, in each city, over the period of this study and the resulting 

house price premia (in percentage terms) based on the school performance coefficients. For 

example, in Birmingham an additional one standard deviation of school performance 

increases residential property prices by 1.7% whereas in Bristol an additional standard 

deviation of school performance increases property prices by 5.4%. In addition, Table 3 also 

shows the value of these house price premia in absolute terms (£). Note that these premia are 

computed on the basis of average house prices in each city in 2007 multiplied by the 

corresponding percentage house price premium averaged over the seven years of this study. It 

is clear from these results that the cost of ‘good’ education varies across the cities studied 
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ranging from £2.7k in Newcastle to £13.5k in Bristol. This would appear to justify our 

geographical segmentation approach to modelling the relationship between school 

performance and house prices. The monetary values attached to a one standard deviation 

improvement would not appear to be out of line with those reported by Black (1999) and 

Gibbons and Machin (2006). Furthermore, in Greater London in 2006, DCSF statistics 

indicate that the range of school performance varied from a pass rate of 21% for the lowest 

performing school to 98% for the highest performing school. The house price premia that the 

highest performing school generated in 2007 compared to the lowest performing school is 

approximately £33,400. This is less than the comparable 2004 figure for Greater London of 

£61,000 reported by Gibbons and Machin (2008). This may be partially explained by a 

greater range of school performance in 2004 (12%-99%) compared to 2006 (22%-98%). It 

would also appear to be the case that our preferred strategy for modelling neighbourhood 

characteristics has resulted in coefficient estimates on the school performance variable which 

are not upwardly biased. 

 

Furthermore, the results provide some support for the assertion in the hedonic literature that 

where the elasticity of supply of good schooling is unresponsive then price premia will be 

greater. To illustrate this point, Table 4 below reports the percentage of students obtaining 5 

or more GCSE’s at grades A* - C in the seven cities over the period 2000 to 2006. Students’ 

performance in 2007 is not reported in this table as our model suggests that house prices in 

any one year will be contingent upon the previous year’s GCSE performance of the nearest 

state school. Table 4 shows that Bristol started and ended the period with the lowest average 

school performance of the seven cities. This contrasts with Newcastle which started the 

period with an unspectacular average performance but exhibited a much greater elasticity of 

supply of ‘good schools’ on the basis of average school performance over the period. 
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Table 4: Percentage of students gaining five or more GCSE passes at grades A* - C 

(2001-2006) 

 

City 2000 2001 2002 2003 2004 2005 2006 

Birmingham 

Mean 

 

 

35 

 

36.9 

 

41.3 
 

 

46.1 
 

 

48.1 

 

 

53.9 

 

 

56.7 
 

Bristol 

Mean 

 

 

32 

 

32.9 

 

 

32.2 
 

 

38 
 

 

36.9 
 

 

37.5 
 

 

46.4 

 

Leeds 

Mean 

 

 

37.7 

 

38 
 

 

39.6 

 

 

43.2 
 

 

45.2 
 

 

50.3 
 

 

52.3 
 

Liverpool 

Mean 

 

 

34.9 

 

36.7 
 

 

39.5 
 

 

41.7 

 

 

45.3 
 

 

51.6 

 

 

57.2 
 

London 

Mean 

 

 

43.2 

 

44.6 
 

 

47.3 
 

 

50.2 

 

 

53 

 

 

54.9 
 

 

58.1 
 

Manchester 

Mean 

 

 

40.9 

 

41.9 

 

 

43.7 
 

 

46 

 

 

46.4 
 

 

50.4 

 

 

53.7 

 

Newcastle 

Mean 

 

 

32.1 

 

39.8 
 

 

41.9 
 

 

41 

 

 

45.2 
 

 

59.6 

 

 

56.1 
 

Source: Department for Children, Schools and Families (see 

www.education.gov.uk/researchandstatistics/attainmenttables). 

 

Finally, in order to examine the impact that including ACORN values had on the school 

quality variable we estimated our hedonic equation  with housing characteristic variables only 

and then with housing characteristic and ACORN values included. As Table 5 below 

indicates, in the cases of Birmingham, Bristol, Leeds, Greater London, Manchester and 

Newcastle the impact of adding ACORN codes was to reduce the coefficient on the school 

performance variable, suggesting that any endogeneity issues that existed with respect to 

‘neighbourhood quality’ in these local housing markets have been (at worst, partially) 

accounted for. 

 

 

 

 

 

 

http://www.education.gov.uk/researchandstatistics/attainmenttables
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Table 5: Comparison of School Quality coefficient when regression model includes only 

housing characteristics variables with a regression model including housing characteristic 

variables and ACORN values. (R
2
 coefficient of determination values are also reported) 

 

 

City 

 Housing 

characteristics 

included 

Housing 

characteristics 

and ACORN 

values 

included 

Birmingham School Quality 0.007 0.006 

 R² 0.577 0.639 

Bristol School Quality 0.007 0.006 

 R² 0.586 0.636 

Leeds School Quality 0.008 0.007 

 R² 0.536 0.587 

Liverpool School Quality 0.005 0.005 

 R² 0.472 0.521 

London School Quality 0.004 0.004 

 R² 0.571 0.629 

Manchester School Quality 0.007 0.006 

 R² 0.537 0.574 

Newcastle School Quality 0.004 0.003 

 R² 0.529 0.598 

 

 

6. Summary and Conclusions 

The  results in this study provide robust evidence that the differences  in state-funded 

secondary school performance in GCSE examinations is consistently capitalised into 

residential property prices; ie., residential properties which are located proximate to high 

performing state-funded secondary schools attract a price premium. The extent of the price 

premium varies between different cities. In Greater London, Liverpool, Birmingham and 

Newcastle a 10% point differential in GCSE performance produces a 1% point differential in 

residential properties located close to the high performing school. In Greater Manchester and 

Leeds the same differential in school performance produces a 2% point increase in residential 

properties located close to the high performing school, while in Bristol a 10% point 

differential in GCSE performance produces a 3% point increase in residential properties 

located close to the high performing school. Note that this implies that in Bristol a property 

where the closest school had a pass rate of 80% compared to a property where the closest 

school had a pass rate of 40% would attract a price premium of 12% points, ceteris paribus. 

Using average prices in 2007 and the average percentage premia for an improvement in 
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school performance since 2001, we find that the value placed on ‘good education’ in terms of 

a premium on house prices ranges from £13.5k in Bristol to £2.7k in Newcastle. 

 

We experimented with different representations of school performance. Specifically, we 

examined if there were threshold values of GCSE pass rates which defined a ‘good’ school. 

We also examined the relative performance of schools to ascertain if a house price premium 

was paid for an above local average or above national average performance. In all cases none 

of the alternative specifications of school performance produced superior results to our 

preferred specification. This reinforces the suggestion that it is the absolute performance of 

the nearest state funded secondary schools that parents focus upon when making house 

purchasing decisions. 

 

The cities which attracted the highest price premia for ‘good’ school performance were those 

where the average pass rate in GCSE examinations was the lowest. In other words, in those 

cities where the supply of good schools was lower, the price premium for a ‘good’ school, in 

terms of the rate at which school performance was capitalised into local property prices, was 

higher. This finding has implications for students’ ability to access high performing schools, 

in so far as their parents have an inability to pay the price premium required to purchase a 

house which would guarantee access. The response of the current UK government to the 

paradox of pupils being denied access to state-funded education due to their parents 

‘inability’ to pay a shadow price that exists in the local residential property market is to 

introduce a lottery into the allocation of places at ‘oversubscribed’ schools. We would 

suggest that this is inappropriate in that it deals with the symptoms of the problem rather than 

the causes. We would argue that the government should focus on improving school quality as 

doing so would remove the extent of the price premium that ‘high performing’ schools 

attract, thereby reducing the extent to which students would be excluded from state-funded 

secondary education because of their parents inability to ‘pay the price’ in local residential 

property markets. 

 

Finally, it may be the case that the private sector may be willing to fund improvements in 

state-funded secondary schooling, as low performing schools will mean that they may find it 

difficult to attract workers with children of secondary school age to areas where secondary 

school performance is poor. In such circumstances workers may require wages which allow 

them to educate their children at private schools or in extremis they may not move to a 
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particular city. In addition, appropriate public transport policy may enable students to access 

good performing schools from a greater geographical distance and perhaps alleviate any 

upward pressures on local house prices. These points are worthy of further investigation. 
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Appendix1 : Tables A-G 

 

Table A: Birmingham 
Variable Coefficient Standard Error T-statistic 

Constant 10.482 0.007 1398.444** 

House Type    

Detached 0.157 0.005 30.731** 

Terraced -0.114 0.004 -30.089** 

Bungalow 0.133 0.012 11.459** 

Flat -0.200 0.006 -31.713** 

Number of Bathrooms 0.116 0.004 31.813** 

Number of Toilets 0.051 0.003 18.532** 

Number of Garages 0.083 0.003 29.270** 

Number of Garage Spaces 0.035 0.002 22.201** 

Garden 0.106 0.008 14.004** 

Size (in square metres) 0.003 0.000 72.675** 

Availability of Central Heating     

None -0.066 0.004 -17.616** 

Partial -0.055 0.005 -11.718** 

Age of Property    

Pre-1919 0.070 0.005 15.173** 

1919-1945  0.071 0.004 18.879** 

1945-1960  0.029 0.005 6.248** 

New 0.097 0.006 16.021** 

Acorn Classification    

A 0.617 0.007 83.179** 

B 0.433 0.006 66.959** 

C 0.435 0.008 57.806** 

D 0.444 0.007 60.832** 

EFG 0.284 0.004 71.109** 

H 0.173 0.004 42.342** 

J -0.035 0.005 -6.402** 

Time    

Yr 2002 0.234 0.006 41.514** 

Yr 2003 0.417 0.005 76.379** 

Yr 2004 0.515 0.006 93.308** 

Yr 2005 0.580 0.005 110.609** 

Yr 2006 0.624 0.005 119.508** 

Yr 2007 0.669 0.005 129.969** 

School Quality 0.001 0.000 18.133** 

    

 Sample size 38,456  

 Adjusted R² 0.772  

 F-Statistic 4348.164  

**Significant at the 5%, or higher level, of significance 
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Table B: Bristol 
Variable Coefficient Standard Error T-statistic 

Constant 10.938 0.011 1031.013** 

House Type    

Detached 0.190 0.008 24.540** 

Semi-detached 0.084 0.006 15.107** 

Bungalow 0.125 0.013 9.278** 

Flat -0.073 0.008 -8.813** 

Number of Bathrooms 0.134 0.005 27.555** 

Number of Toilets 0.061 0.004 14.417** 

Number of Garages 0.089 0.004 22.016** 

Number of Garage Spaces 0.034 0.003 13.584** 

Garden -0.038 0.009 -4.268** 

Size (in square metres) 0.003 0.000 56.701** 

Availability of Central Heating     

None -0.014 0.007 -2.098** 

Partial -0.065 0.009 -7.418** 

Age of Property    

1919-1945  -0.048 0.007 -6.862** 

1945-1960  -0.117 0.008 -14.913** 

1960+  -0.123 0.006 -20.193** 

New  -0.103 0.009 -11.172** 

Acorn Classification    

A 0.252 0.010 25.580** 

B 0.116 0.008 15.137** 

C 0.103 0.011 9.386** 

D 0.188 0.007 25.879** 

H -0.068 0.006 -11.032** 

IK -0.224 0.007 -34.156** 

J -0.176 0.014 -12.246** 

Time    

Yr 2002 0.256 0.009 29.399** 

Yr 2003 0.346 0.008 41.816** 

Yr 2004 0.417 0.008 51.046** 

Yr 2005 0.439 0.008 56.215** 

Yr 2006 0.534 0.007 73.467** 

Yr 2007 0.609 0.007 83.455** 

School Quality 0.003 0.000 24.614** 

    

 Sample size 13,698  

 Adjusted R² 0.774  

 F-Statistic 1561.433  

**Significant at the 5%, or higher level, of significance. 
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Table C: Leeds 
Variable Coefficient Standard Error T-statistic 

Constant 10.133 0.007 1466.668** 

House Type    

Detached 0.230 0.005 43.328** 

Semi-detached 0.102 0.004 27.111** 

Bungalow 0.217 0.007 30.926** 

Flat 0.042 0.006 6.517** 

Number of Bathrooms 0.139 0.004 38.986** 

Number of Toilets 0.071 0.003 23.791** 

Number of Garages 0.104 0.003 38.990** 

Number of Garage Spaces 0.037 0.001 25.507** 

Garden -0.025 0.006 -4.177** 

Size (in square metres) 0.003 0.000 83.712** 

Availability of Central Heating     

None -0.103 0.003 -31.379** 

Partial -0.074 0.006 -12.351** 

Age of Property    

Pre-1919  -0.005 0.004 -1.300 

1919-1945  0.014 0.004 3.660** 

1945-1960  -0.025 0.005 -5.289** 

New 0.052 0.006 8.580** 

Acorn Classification    

A 0.612 0.007 84.666** 

B 0.391 0.006 68.846** 

C 0.391 0.007 52.240** 

D 0.505 0.007 73.340** 

EFG 0.288 0.004 77.070** 

H 0.173 0.004 47.179** 

J -0.082 0.007 -11.656** 

Time    

Yr 2002 0.211 0.005 40.816** 

Yr 2003 0.402 0.005 80.616** 

Yr 2004 0.571 0.005 112.998** 

Yr 2005 0.686 0.005 140.757** 

Yr 2006 0.756 0.005 160.369** 

Yr 2007 0.824 0.005 174.231** 

School Quality 0.002 0.000 27.721** 

    

 Sample size 44,278  

 Adjusted R² 0.794  

 F-Statistic 5681.224  

**Significant at the 5%, or higher level, of significance. 
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Table D: Liverpool 
Variable Coefficient Standard Error T-statistic 

Constant 10.267 0.010 977.921** 

House Type    

Detached 0.125 0.008 15.994** 

Terraced -0.152 0.006 -26.672** 

Bungalow 0.128 0.013 9.581** 

Flat -0.034 0.008 -4.066** 

Number of Bathrooms 0.117 0.005 21.849** 

Number of Toilets 0.057 0.004 13.697** 

Number of Garages 0.102 0.005 22.469** 

Number of Garage Spaces 0.043 0.003 16.398** 

Garden -0.056 0.007 -8.352** 

Size (in square metres) 0.003 0.000 52.314** 

Availability of Central Heating    

None -0.065 0.006 -11.774** 

Partial -0.012 0.005 -2.249** 

Age of Property    

Pre-1919  0.070 0.007 10.153** 

1919-1945 0.130 0.006 22.866** 

1945-1960  0.039 0.007 5.570** 

New 0.110 0.008 13.522** 

Acorn Classification    

A 0.598 0.013 44.689** 

B 0.416 0.010 41.192** 

C 0.470 0.011 42.314** 

D 0.452 0.011 39.993** 

EFG 0.330 0.006 56.030** 

H 0.224 0.006 38.875** 

J 0.030 0.013 2.257** 

Time    

Yr 2002 0.158 0.008 20.013** 

Yr 2003 0.386 0.008 51.218** 

Yr 2004 0.625 0.008 80.198** 

Yr 2005 0.739 0.007 100.985** 

Yr 2006 0.783 0.007 109.475** 

Yr 2007 0.814 0.007 112.168** 

School Quality 0.001 0.000 12.589** 

 Sample size 19,506  

 Adjusted R² 0.772  

 F-Statistic 2200.021  

**Significant at the 5%, or higher level, of significance. 
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Table E: Greater London 
Variable Coefficient Standard Error T-statistic 

Constant 11.499 0.004 2940.455** 

House Type    

Detached 0.223 0.005 45.849** 

Semi-detached 0.208 0.003 67.335** 

Terraced 0.165 0.002 70.117** 

Bungalow 0.267 0.008 34.091** 

Number of Bathrooms 0.254 0.002 137.899** 

Number of Toilets 0.064 0.002 40.188** 

Number of Garages 0.035 0.002 17.343** 

Number of Garage Spaces 0.012 0.001 9.728** 

Garden 0.048 0.002 22.272** 

Size (in square metres) 0.004 0.000 167.389** 

Availability of Central Heating     

None -0.023 0.002 -9.640** 

Partial -0.029 0.004 -7.933** 

Age of Property    

1919-1945  -0.100 0.002 -44.586** 

1945-1960  -0.183 0.003 -59.782** 

1960+  -0.211 0.002 -96.259** 

New  -0.178 0.004 -42.480** 

Acorn Classification    

A 0.020 0.005 4.085** 

B -0.126 0.005 -27.624** 

C -0.227 0.008 -29.390** 

EFG -0.294 0.002 -124.190** 

H -0.373 0.003 -120.579** 

IK -0.483 0.003 -138.289** 

J -0.291 0.002 -124.842** 

Time    

Yr 2002 0.163 0.003 47.055** 

Yr 2003 0.245 0.004 69.459** 

Yr 2004 0.279 0.003 82.525** 

Yr 2005 0.330 0.003 107.994** 

Yr 2006 0.420 0.003 140.998** 

Yr 2007 0.523 0.003 178.558** 

School Quality 0.001 0.000 24.127** 

 Sample size 167,807  

 Adjusted R² 0.699  

 F-Statistic 13003.140  

**Significant at the 5%, or higher level, of significance. 
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Table F: Greater Manchester 
Variable Coefficient Standard Error T-statistic 

Constant 10.082 0.006 1580.512** 

House Type    

Detached 0.233 0.005 46.175** 

Semi-detached 0.133 0.003 38.038** 

Bungalow 0.218 0.007 30.836** 

Flat 0.111 0.006 20.015** 

Number of Bathrooms 0.153 0.003 47.627** 

Number of Toilets 0.054 0.003 20.702** 

Number of Garages 0.087 0.003 33.226** 

Number of Garage Spaces 0.061 0.001 41.786** 

Garden -0.083 0.004 -20.070** 

Size (in square metres) 0.003 0.000 94.968** 

Availability of Central Heating    

None -0.036 0.004 -10.072** 

Partial -0.062 0.007 -9.517** 

Age of Property    

Pre-1919 0.102 0.004 26.737** 

1919-1945  0.082 0.004 22.602** 

1945-1960  0.006 0.005 1.408 

New  0.110 0.005 22.106** 

Acorn Classification    

A 0.712 0.007 106.397** 

B 0.449 0.005 93.784** 

C 0.437 0.006 67.623** 

D 0.508 0.006 81.769** 

EFG 0.337 0.004 95.624** 

H 0.191 0.004 52.921** 

J -0.023 0.007 -3.168** 

Time    

Yr 2002 0.168 0.005 34.905** 

Yr 2003 0.332 0.005 70.920** 

Yr 2004 0.545 0.005 117.642** 

Yr 2005 0.651 0.004 147.466** 

Yr 2006 0.708 0.004 166.047** 

Yr 2007 0.759 0.004 180.704** 

School Quality 0.002 0.000 21.378** 

 Sample size 60,502  

 Adjusted R² 0.776  

 F-Statistic 7006.727  

**Significant at the 5%, or higher level, of significance. 
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Table G: Newcastle 
Variable Coefficient Standard Error T-statistic 

Constant 10.509 0.012 856.103** 

House Type    

Detached 0.084 0.007 11.668** 

Terraced -0.089 0.005 -16.156** 

Bungalow 0.102 0.009 10.794** 

Flat -0.173 0.007 -23.150** 

Number of Bathrooms 0.144 0.005 28.842** 

Number of Toilets 0.052 0.004 13.255** 

Number of Garages 0.121 0.004 30.089** 

Number of Garage Spaces 0.035 0.003 11.565** 

Garden -0.014 0.007 -2.056** 

Size (in square metres) 0.003 0.000 55.719** 

Availability of Central Heating    

None 0.017 0.006 2.962** 

Partial -0.064 0.010 -6.671** 

Age of Property    

Pre-1919  0.114 0.006 17.712** 

1919-1945 0.062 0.006 11.064** 

1945-1960  0.016 0.006 2.555** 

New  0.093 0.008 11.883** 

Acorn Classification    

A 0.569 0.012 47.837** 

B 0.348 0.009 40.009** 

C 0.350 0.010 33.478** 

D 0.465 0.009 54.551** 

EFG 0.270 0.005 49.393** 

H 0.151 0.006 25.714** 

J 0.071 0.011 6.552** 

Time    

Yr 2002 0.237 0.010 23.525** 

Yr 2003 0.382 0.009 41.649** 

Yr 2004 0.527 0.009 58.073** 

Yr 2005 0.575 0.009 62.962** 

Yr 2006 0.611 0.009 68.039** 

Yr 2007 0.663 0.009 73.474** 

School Quality 0.001 0.000 3.566** 

 Sample size 15,206  

 Adjusted R² 0.729  

 F-Statistic 1361.268  

**Significant at the 5%, or higher level, of significance 
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Appendix 2. 

A note on ACORN (A Classification of Residential Neighbourhood) Codes 

Acorn codes are created on the basis of property postcodes which then assigns a property to a 

census enumeration district, which is then classified according to key census characteristics. 

Since each enumeration district comprises only 100-150 households this gives a detailed 

measure of neighbourhood.  Table 1 below gives the proportion of the UK population that are 

included in each of the ACORN categories A-Q, these are the ACORN categories that are 

employed in the papers in chapters 3,4 and 5. The ACORN categories A-Q are based on 56 

micro ACORN codes which are reported in table 2 below. 

Table 1: Definition of ACORN codes and their representation in the UK population in 

2009. 

 

 

ACORN category 

ACORN group % of population 2009 

  
22.4 

Wealthy Achievers – 

Category 1 

A – Wealthy Executives 6.9 

B – Affluent Greys 6.8 

C – Flourishing Families 8.8 

  
9.6 

Urban Prosperity – 

Category 2 

D – Prosperous Professionals 2.2 

E – Educated Urbanites 3.7 

F – Aspiring Singles 3.7 

  
31.2 

Comfortably Off – 

Category 3 

G – Starting Out 4.6 

H – Secure Families 17.8 

I – Settled Suburbia 6.7 

J – Prudent Pensioners 2.2 

  
15.3 

Moderate Means – 

Category 4 

K – Asian Communities 1.22 

L – Post Industrial Families 5.6 

M – Blue Collar Roots 8.5 

  
21.1 

Hard Pressed – 

Category 5 

N – Struggling Families 14.4 

O – Burdened Singles 4.23 

P – High Rise Hardship 1.2 

Q – Inner City Adversity 1.3 
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Table 2 Micro ACORN codes (1-56) classified by the macro ACORN codes (A-Q) 

 

Wealthy Achievers  

Wealthy Executives (A) 

 01 - Affluent mature professionals, large houses 

 02 - Affluent working families with mortgages 

 03 - Villages with wealthy commuters 

 04 - Well-off managers, larger houses 

Affluent Greys (B) 

 05 - Older affluent professionals 

 06 - Farming communities 

 07 - Old people, detached houses 

 08 - Mature couples, smaller detached houses 

Flourishing Families (C) 

 09 - Larger families, prosperous suburbs 

 10 - Well-off working families with mortgages 

 11 - Well-off managers, detached houses 

 12 - Large families & houses in rural areas 

Urban Prosperity 

Prosperous Professionals (D) 

 13 - Well-off professionals, larger houses and converted flats 

 14 - Older Professionals in detached houses and apartments 

Educated Urbanites (E) 

 15 - Affluent urban professionals, flats 

 16 - Prosperous young professionals, flats 

 17 - Young educated workers, flats 

 18 - Multi-ethnic young, converted flats 

 19 - Suburban privately renting professionals 

Aspiring Singles F) 

 20 - Student flats and cosmopolitan sharers 

 21 - Singles & sharers, multi-ethnic areas 

 22 - Low income singles, small rented flats 

 23 - Student Terraces 

Comfortably Off 

Starting Out (G) 

 24 - Young couples, flats and terraces 

 25 - White collar singles/sharers, terraces 

Secure Families (H) 
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 26 - Younger white-collar couples with mortgages 

 27 - Middle income, home owning areas 

 28 - Working families with mortgages 

 29 - Mature families in suburban semis 

 30 - Established home owning workers 

 31 - Home owning Asian family areas 

Settled Suburbia (I) 

 32 - Retired home owners 

 33 - Middle income, older couples 

 34 - Lower income people, semis 

Prudent Pensioners (J) 

 35 - Elderly singles, purpose built flats 

 36 - Older people, flats 

Moderate Means 

Asian Communities (K) 

 37 - Crowded Asian terraces 

 38 - Low income Asian families 

Post Industrial Families (L) 

 39 - Skilled older family terraces 

 40 - Young family workers 

Blue Collar Roots (M) 

 41 - Skilled workers, semis and terraces 

 42 - Home owning, terraces 

 43 - Older rented terraces 

Hard Pressed 

Struggling Families (N) 

 44 - Low income larger families, semis 

 45 - Older people, low income, small semis 

 46 - Low income, routine jobs, unemployment 

 47 - Low rise terraced estates of poorly-off workers 

 48 - Low incomes, high unemployment, single parents 

 49 - Large families, many children, poorly educated 

Burdened Singles (O) 

 50 - Council flats, single elderly people 

 51 - Council terraces, unemployment, many singles 

 52 - Council flats, single parents, unemployment 

High Rise Hardship (P) 

 53 - Old people in high rise flats 

 54 - Singles & single parents, high rise estates 
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Inner City Adversity (P) 

 55 - Multi-ethnic purpose built estates 

 56 - Multi-ethnic, crowded flats 
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Chapter 5  

The impact of published school performance results on residential property prices: a 

comparative study of two UK cities 

 

Abstract 
 

This paper presents a study which examines the relationship between published school 

performance results and house prices in two UK cities. It is postulated that schools which 

perform better on the most widely recognised measure of performance become 

oversubscribed and give preference to children living in close proximity to their school. 

Parents wishing to obtain access to such schools then seek to move to the 'catchment' area 

for those schools, bidding up house prices in those areas. 

 

We develop a hedonic price model which relates the price of a house to the physical 

characteristics of the property, the nature of the local area in which the property is situated 

and to the key measure of performance of the nearest school. We test this model using a large 

dataset and find that there is a positive correlation between this performance measure and 

house prices.  

 

Introduction 

In the UK, the Education Reform Act 1988 introduced a 'National Curriculum' into schools in 

England and Wales and provided for the testing of children at ages 7, 11 and 14 at the end of 

'Key Stages' 1, 2 and 3 respectively. Children then normally sit examinations for the General 

Certificate of Education (GCSE) at the age of 16, at the end of Key Stage 4. The purpose of 

the legislation was to impose a standard curriculum for the education of children and to 

provide output measures for the education system. The underlying objective of this 

legislation was to improve the performance and efficiency of the state education system. The 

government was also concerned to ensure that the future UK labour force had the necessary 

skills, knowledge and competences to drive economic growth in an increasingly competitive 

global economy (Elkins and Elliott, 2004). 

 

The results of the Key Stage tests and the GCSE examinations have been widely published. 

In particular, GCSE results receive extensive publicity in the media in August each year. 

Journalists comment upon the year-on-year trends, especially in the percentage of children 

achieving five or more grades A* to C in these examinations. In addition, the results of 
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formal inspections of schools by the Office for Standards in Education (OFSTED) are 

published and commented upon in the media.  

 

As a result of this publicity, parents have had an increasing amount of information on which 

to judge publically funded non selective secondary (high) schools. This in turn has influenced 

parents' perception of schools and their choices of schools to which they seek admission for 

their children. Inevitably, the schools which develop better reputations for performance have 

become oversubscribed while other schools which are seen as poorer performers have failed 

to meet their target intake of pupils (Elkins and Elliott, 2004). One of the objectives of 

government in publishing performance results was to encourage poor schools to improve and 

good schools to maintain and further improve their performance. So the fact that some 

schools have become oversubscribed and others undersubscribed was not unforeseen or 

unintended by government. Developing parental pressure (and increasing parental choice) to 

induce an improvement in the state education system were seen by government as a key part 

of the policy introduced in 1988.  

 

However, one of the incidental effects of this policy has been to influence house prices in the 

areas in which oversubscribed schools are located. These schools must impose selection 

criteria on applicants to limit their intake to match their capacity. Such schools have given 

preference to children living in the proximity of the school. This in turn affects house prices 

in these areas as parents attempt to move to be within the 'catchment' area of the schools to 

which they wish to send their children.  

 

In this paper we examine this phenomenon. We present the results of a study of two English 

cities, Bristol and Greater London, where we have used data on school performance and 

house prices to measure the extent to which published performance results affect house 

prices. 

 

The structure of this paper is as follows. We begin with a review of the relevant literature and 

an outline of the theoretical basis for the study. We then present our hypothesis and describe 

the dataset and the modelling framework. We next present and discuss the empirical results. 

We then summarise and conclude with a consideration of the public policy implications of 

the findings of this study. 
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The relevant literature and theoretical basis for the study 

Anecdotal evidence and media reports suggest that house prices are generally higher within 

the catchment area of schools with the better performance results relative to other similar 

areas where school performance is lower (Gibbons and Machin, 2008). A number of studies 

in the US and more recently in the UK have suggested that school performance results 

become 'capitalised' into local property values. These studies tend to be cross-sectional in 

nature and have found a positive relationship between a chosen measure of student test scores 

and local residential property prices. Taylor (2005) provides a review of the literature, citing 

studies by Cheshire and Shepherd (2004), Weimer and Wolkoff (2001), Hayes and Taylor 

(1996), Cromwell and Bogart (1997), Haurin and Brasington (1996), and Leach and Campos 

(2003).  

 

The theory emerging from these studies is that parents wishing to gain access to schools with 

perceived higher performance will increase the demand for housing in the locality of these 

schools thus increasing the price. It might be expected that an increase in demand for housing 

in a particular locality would lead to an increase in the supply. But a number of authors have 

argued that the supply of housing is relatively inelastic and that prices will therefore rise in 

those areas providing relatively more attractive amenities, to the point where the additional 

price paid reflects the perceived additional value of local amenities (Starrett, 1981; Wildasin, 

1987; Hoyt, 1999; Hilber and Mayer, 2002).  

 

Brassington (2002) provides a thorough overview of the capitalisation debate, the key point 

being that the capitalisation of any differential in a local amenity is contingent upon a supply 

of housing which is inelastic with respect to price. If this were not the case, and if any 

differential in local amenities which produces an increase in demand were met by an 

instantaneous increase in supply, then there would be no measurable impact on house prices. 

 

There could, however, be differing elasticities of supply in a particular geographical area due 

to differing factors affecting the supply of land for development. Planning regulations have a 

major impact on the availability of land for building, particularly those rules which restrict 

building in public open spaces or in 'green belt' areas. We might expect, therefore, the supply 

of housing to be more responsive to demand on the edge of urban areas where more land for 

development may be available and planning restrictions may be less restrictive. Also, the 

regeneration of inner city areas could provide more land for house builders. To the extent that 
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the supply of housing in a particular area is more elastic we would expect the impact of 

school performance results on property prices to be dampened. However, the UK government 

has been concerned about the lack of supply of housing (see Barker, 2006) and it is a 

reasonable assumption that the supply of housing in the UK is inelastic such that differences 

in local amenities are likely to be capitalised into local property prices. 

 

The other factor to consider in assessing the impact of published school performance results 

on domestic property prices is the relative changes in those performance results. Figure 1 

below shows the trend in one key performance indicator (and the one used in this study), the 

percentage of students achieving five or more grades A* to C in the GCSE examinations in 

England. (The A* grade was added in 1994 to distinguish students performing at the very top 

end of the scale.) 

 

Figure 1 

Percentage of students achieving five or more A* to C grades in the GCSE examination in 

England 

 

 
Source: Department for Children, Schools and Families (now Department for Education) 

 

As can be seen, there has been a steady increase in the performance of schools on this 

measure between 1988 and 2007. On the basis of this evidence, there has been an increase in 
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the number of schools offering good performance or, to put it another way, there has been an 

increase in the supply of good quality schools over the period. Bartik (1988) argues that an 

increase in the supply of high amenity locations reduces the price differential between high 

and low amenity locations. We would expect, therefore, that the house price premium that 

parents would be prepared to pay to gain access to the better schools should be reduced over 

the period in question. Parents will assess not only the absolute level of performance but also 

the relative level. If they are satisfied with the performance of the school in their locality they 

will be less willing to pay the premium required to move to a location with a school having 

an even better performance. Bartik (1988) argues, however, that people will respond to lower 

marginal amenity prices by choosing higher amenity levels. So if the price differential falls 

below a certain point, people will see the advantages of moving to a location with an even 

better school and demand for houses in the areas of better schools will again rise. At some 

point equilibrium will be reached. But the position of equilibrium will move over time as the 

general level of school performance results improves.  

 

There are also some secondary effects to consider. Bartik (1998) suggests that where amenity 

levels are low this will tend to attract low income households. But also, he argues that 

locations that improve more than the average location will attract higher income households. 

Applying this in the context of school performance, a move of higher income households into 

a given area will improve the performance of the schools in these areas. A number of studies 

in the US have shown that school performance is positively correlated with the composition 

of the student body. Also, Crone (1998) argues that the empirical evidence demonstrates that 

academic achievement is improved by the peer group effect.  

 

Bartik (1998) develops models reflecting the inter-temporal nature of the relationship 

between amenity improvements and property prices. He identifies different stages in the 

process. Firstly, there is an improvement in a local amenity (exogenous to the property 

market). In the next stage the improvement in the amenity is recognised by those active in the 

property market and a process of adjustment begins. Finally, improvements in the local 

amenity are reflected in property prices. This modelling supports the proposition that an 

improvement in school performance in an area relative to other areas following a government 

policy initiative exogenous to the housing market, will feed through into increased house 

prices. Published school performance results are absorbed by participants in the housing 

market. The level of publicity and coverage in the media is sufficient to influence parents and 
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householders in their perception of school performance in local areas. After a period of 

adjustment, the increased performance of a school in an area relative to other areas becomes 

capitalised in house prices. 

 

The above analysis enables us to put forward a hypothesis to be tested in an empirical study. 

 

The hypothesis to be tested 
 

In this study, we focus on state-funded secondary school performance. As suggested above, 

the key performance indicator that parents take into account is the percentage of students 

obtaining, in any one academic year, five or more grades A* to C in the GCSE examination 

at age 16. This is the indicator which obtains the most media coverage. Lambert and Lines 

(2000) argue that "...GCSEs are now seen as a way, by aggregation, of certifying the whole 

school".  

 

The literature suggests that parents do not value other possible measures, such as expenditure 

on schools or 'value-added' measures, as much as they do absolute test scores. Value-added 

measures attempt to assess the level of attainment of children as they enter a school and 

compare this level with their performance at the end of their time at the school. The 

difference is then the value-added by the school to the child's education. Educationalist may 

argue that this should be the true measure of a school's performance when comparing schools 

with each other. Absolute levels of test results fail to take into account the differing levels of 

attainment of different populations of children in different locations. This may be so, but 

what is important in assessing the effect of published performance results on house prices is 

the measure that parents actually take into account rather than those which may be more 

theoretically robust. 

 

Downes and Zabel (2002), in their study of the impact of school characteristics on house 

prices in Chicago, found that homeowners paid attention to school output measures, i.e. test 

scores and not to inputs in the form of per pupil expenditure by school authorities. Brasington 

and Haurin (2006) report that people value average test scores and levels of expenditure 

above any measure of student value-added. They argue, therefore, that it is average test 

scores which are capitalised into local property prices rather than value-added measures of 

performance. 
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For these reasons, we use the percentage of students obtaining five or more grades A* to C in 

the GCSE examination as the measure of parents' assessment of school performance. We 

hypothesise that this measure positively correlates with domestic house prices. 

 

The dataset 
 

This section describes the data employed in this study together with the data selection and 

cleansing procedures adopted. 

 

The data on school performance was obtained from the website of the government 

department responsible for education. At the time the data was collected this department was 

called the Department for Children, Schools and Families (DCSF). It is now called the 

Department for Education. The data shows the percentage of students at individual schools 

obtaining five or more grades A* to C in the GCSE examination year by year. The location of 

each school in the dataset is identified by its postcode.  

 

The data on house prices and house characteristics comes from an exceptionally large dataset 

compiled by HBoS plc, one of the largest residential mortgage lenders in the UK. The dataset 

covers all the house purchase transactions in which HBoS has provided mortgage loans 

between 1983 and 2007. As well as the purchase price, recorded at the mortgage approval 

stage, the dataset includes the following house characteristics, the location of each property 

being identified by its postcode: 

property type, i.e. detached, semi-detached, terraced, bungalow, flat or maisonette; 

number of habitable rooms; 

floor space area; 

number of bathrooms; 

number of toilets; 

availability of central heating; 

number of garages and garage spaces;  

garden; 

age of property. 

 

In order to locate each school and each property in our dataset, we employed the Royal Mail 

Post Office postcodes. We used the Royal Mail's POSTZON software to provide an 

Ordinance Survey (OS) grid map reference. This grid reference effectively places each 

location on the bottom left-hand corner of a 100 metre by 100 metre grid.  To each of the 

Eastings and Northings of the OS grid reference a five was added, which effectively located 

each of our schools and houses at the centre of the 100 metre by 100 metre grid, i.e., at the 



136 
 

expected location of any property within a 100 metre grid. We then developed a simple 

computer macro which applied Pythagoras's theorem and calculated the straight line distance 

between each house in the dataset and the nearest school. 

 

Rosenthal (2003) reports that the POSTZON software locates each school and house within a 

maximum of 70 metres of its true location and concludes that for the purpose of locating the 

nearest school to a given residential property, the use of the POSTZON database is unlikely 

to result in a serious misallocation of houses to the nearest school. Gibbons and Machin 

(2008) suggest that a lack of clearly defined catchment areas for state schools introduces an 

amount of ambiguity in the link between residential property locations and accessibility to 

school. Rosenthal (2003) also comments that a lack of national information on school 

catchment areas makes it difficult to test the assumption that the geographically closest state 

secondary school is the relevant school, in terms of catchment area, for any given property.  

Using data from a particular English city (Stoke-on-Trent) Rosenthal tested the extent to 

which the closest school to a given property, as calculated using the POSTZON dataset, 

coincided with the catchment area within which a given property was placed. Reassuringly, 

in 83% of all observations the nearest school coincided with the catchment area zoning of a 

particular property. 

 

The HBoS dataset includes a special locational classification regime used in the UK, known 

as ACORN, A Classification of Residential Neighbourhoods (see CACI, 2006). This regime 

allocates ratings according to geo-demographic information. This allows for the 

categorisation of the location of each property at two levels: at the micro level (immediate 

residential neighbourhood) and at the macro level (wider surrounding area). In our study, the 

inclusion of ACORN codes, in so far as they allow for the influence of the socioeconomic 

characteristics of a neighbourhood population, should pick up some of the so-called peer 

group affects -  i.e., our study allows for the socio-economic impacts on school performance 

noted by Crone (1998). Explicitly the inclusion of ACORN codes allows for the impact of 

differential neighbourhood effects with respect, for example, to income levels, crime rates 

and unemployment rates. 

 

Based upon the postcode data, the location of each property is classified into an ACORN 

group. The HBoS dataset employs eight main ACORN groups summarised in Table 1 below. 
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Table 1  

Description of main ACORN groups 

 
ACORN Group  Main Characteristics of Group 

A Areas where residents are wealthy investors 
B Prospering families 
C Areas of traditional money 
D Young urbanites 
E F G Areas of middle-aged families (comfortable), contented pensioners and 

families and individuals looking to settle down (Middle Aged Comfort 
(E), Contented Pensioners (F) and Settling down (G)) 

H Moderate living 
I K Meagre means and impoverished pensioners 
J Inner city existence (low income singles and couples, multi ethnic young 

singles renting flats, high rise poverty – dependent on welfare-poor 
young – financially inactive) 

 

The data selected for study covered two large English cities, Bristol and Greater London. The 

study reported in this paper is part of a larger ongoing investigation into the housing market 

in the UK. We selected Bristol and Greater London for comparison as they reflect significant 

and contrasting results. 

 

The data for the study covers the years 2001 to 2007. This period was chosen as a recent 

period of time sufficiently long to enable reliable results to be generated but sufficiently short 

to be manageable. It also covers the period in which school performance results have been 

available on the government website and, therefore, readily available to parents and 

householders.   

 

Table 2 

Descriptive Statistics for continuous variables 
 

 Distance 
(km) 

School 
Quality % 
pass rate 

Purchase 
Price (£) 

Size m
2
  Garages 

number 
Garage 
spaces 
number 

Bristol 
Mean 

Minimum 
Maximum 

S. Deviation 
 

 
2.71 

0 
10 

2.32 

 
36.58 

13 
84 

17.99 

 
192518 
32000 

2400000 
120873 

 
108 
20 
480 
49 

 
.48 
0 
5 

.619 

 
.62 
0 
8 

.859 

Gr. London 
Mean 

Minimum 
Maximum 

S. Deviation 
 

 
1.13 

0 
5.38 
1.08 

 

 
51.06 

5 
100 

19.21 

 
306392 
30210 

5975000 
270332 

 
99 
10 
498 
50 

 
.21 
0 
8 

.447 

 
.39 
0 
8 

.703 

 

Prior to modelling the relationship between school performance and local property prices, the 

dataset was ‘cleansed’. The purpose of this cleansing is to take account of coding errors in the 
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information and to eliminate properties which are atypical or can be described as outliers.  

Therefore, the cleansed dataset only includes those properties which met specific selection 

criteria. Details of this procedure are available from the authors. 

 

The modelling framework 
 

The hedonic pricing model 

 

In this study we use an hedonic pricing model to determine a monetary value which parents 

place on the performance of schools. This model makes use of price differentials in properties 

with different attributes to determine the value of the attributes. These attributes include both 

physical attributes of a particular property such as the number of bedrooms, floor area and 

number of bathrooms, as well as locational variables which in this study include the ‘quality’ 

of the most proximate state school. The quality of a school is measured by the percentage of 

students obtaining grades A* to C in GCSE examinations and this score was entered as a 

continuous variable in the model. 

 

Hedonic pricing methods have been employed to calculate the value of a wide range of both 

“welcome” and “unwelcome” local amenities.  These include aircraft noise (Levesque, 1994), 

air quality (Chay and Greenstone, 2004), hazardous waste sites (McCluskey and Rausser, 

2000), woodland (Garrod and Willis, 1992) and the proximity of churches (Do, Wilbur, and 

Short, 1994; Carroll, Clauretie, and Jensen, 1996).   

 

A key criticism of this approach concerns the treatment of omitted variables. When a specific 

local amenity is identified and included in the model it is possible that this variable picks up 

the influence of another variable which has not been included in the model, perhaps because 

there was no reliable indicator for this omitted variable. If this is the case, the ordinary least 

squares (OLS) estimation techniques will provide biased parameter estimates. It may be the 

case, as Gibbons and Machin (2008) argue, that it is difficult to measure the supply of an 

amenity that is accessible from a given location. In this study, we would argue that locational 

information allows us to identify the closest school and, therefore, in so far as it is practicably 

possible, we feel we have identified access to the ‘focus’ amenity of school quality (Graves et 

al 1988). 
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We make the assumption that the supply of housing in the two cities studied is not 

sufficiently elastic to prevent differentials in the performance of schools from being 

capitalised into house prices. For the reasons given above, we think this is a reasonable 

assumption. 

 

In order to allow for the capitalisation of school performance into property prices we have 

lagged the school performance data by one time period.  Thus, we have regressed 2001 

school performance results on 2002 property price values. The rationale for this approach is 

that it is historical school performance data that will impact current offer prices for residential 

properties. In addition, we are suggesting that it is the most recent historical school 

performance data that will have the most immediate impact on the price offered by house 

purchasers. We did experiment with three-year moving averages of school performance but 

found that school performance in the previous year performed more effectively as an 

explanatory variable. 

 

Choice of functional form 

 

Transformations of the dependent and explanatory variables were undertaken in line with the 

Box-Cox (1964) procedure as described in Spitzer (1982). Fleming and Nellis (1985) have 

indicated that the regression results are substantially more sensitive to transformation of the 

dependent variable than of the explanatory variables. According to the Box-Cox test 

procedure, a logarithmic transformation of the dependent variable (in this case house price) is 

the most appropriate functional form for the hedonic regression model. In many instances this 

preference is related to the ease with which parameter estimates can be interpreted. 

Furthermore, as Cropper, Deck, and McConnell, (1988) suggest, the lack of theoretical 

guidance on functional form for hedonic price functions has led most researchers to adopt a 

goodness-of-fit criteria. Indeed, Garrod and Willis (1992) favour the semi-log specification 

on this basis while Laasko (1992) points to the ease of interpretation. Consequentially, a 

semi-log model is used in the results reported below. 

 

Multicollinearity 

 

With such a rich data set it is desirable to use as many variables as possible to define our 

house price equation; however, in practice, some explanatory variables may be correlated 

with each other so we need to be aware of the problem of multicollinearity. Garrod and Willis 
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(1992) indicate that multicollinearity is a common problem in hedonic price functions and 

one which is often conveniently ignored. As multicollinearity is such a significant issue in 

hedonic price equations we undertook a number of other checks to test for it, as outlined in 

Belsey, Kuh, and Welsch, (1980). Our preferred equation was chosen, in part, to minimise 

multicollinearity. 

 

Finally, as the preferred regression equation covered more than one time period we have 

indexed the equation using the ‘time dummy’ method (Fleming and Nellis, 1985). Therefore, 

with time incorporated as a dummy variable, percentage changes in price can be observed 

directly as the coefficient on the time variable, our base year in all cases being 2001. 

 

Empirical results 
 

The final equation 

 

Our preferred equation emerged from a process of experimentation with the functional form 

and with combinations of explanatory variables. Ultimately our preferred equation focused 

upon a combination of the ‘goodness-of-fit’, the statistical significance of explanatory 

variables and the minimisation of multicollinearity. To facilitate a comparison across 

different geographical areas we have applied the same functional form (i.e. semi-log) to all of 

the equations in our analysis and our preferred equation includes the same set of explanatory 

variables in all instances. A rigorous analysis of residuals was undertaken to ensure that the 

standard assumptions of normality, linearity and homoscedasticity were upheld. Analysis of 

outliers was undertaken and ‘Cooks distance’ and ‘leverage’ test statistics confirmed that 

there was no undue influence of outliers on our preferred regression equations. Finally 

restricted F-tests were undertaken on both of our preferred equations to test the validity of 

coefficients on the dummy variables included in our specification. In both cases the test 

statistic we computed suggested that it was appropriate to comment on the estimated 

coefficients.
26

.  

 

The performance of what Graves et al (1988) term ‘focus’ variables – in this paper, the 

school performance variables - is of primary importance. We experimented with dummy 

variables including those which separated the dataset into discrete deciles and excluded the 

deciles which included the national average and local average school performance. We also 

                                                           
26

 Full details of the tests undertaken are available from the authors 



141 
 

experimented by excluding lower deciles and higher deciles. Finally, we included dummy 

variables to pick up the effect of better or worse school performances with respect to national 

and local averages. In all of these cases the dummy variables failed to work as effectively as 

the continuous specification of the school performance variable that we ultimately included in 

our preferred equation. 

 

The final regression model developed for the two English cities studied uses the natural log 

of house price as the dependent variable (ln P). Combinations of a number of independent 

variables were used in addition to the continuous variable for school performance:  

 

Dummy variables were included to capture the impact of house type (detached, semi-

detached, terraced, flat and bungalow); the existence of a garden; no central heating or partial 

central heating; and the age of the property, split into five distinct classifications – properties 

built prior to 1919, between 1919-45, 1945-60, post-1960 and new build 

.  

A set of dummy variables representing ACORN ratings were included to allow for variability 

in neighbourhood characteristics.  

 

Annual time dummy variables were included to allow for the influence of inflationary effects 

over the period 2001-2007 not associated with the physical, neighbourhood or environmental 

characteristics of the properties in the dataset.  

 

Continuous measures of numbers of bathrooms, toilets, garages and garage spaces and the 

size of a property (the internal floor space measured in square metres) were also included.  

A dummy variable was incorporated to link each property in our dataset with the nearest 

secondary school.  

 

Our data set allowed us to experiment with specifications which included the number of 

habitable rooms but this specification was rejected in favour of a continuous floor space 

variable on the basis of goodness-of-fit and the overall performance of other variables in our 

preferred equation. 

 

The model therefore provides an estimate of the influence of property characteristics with 

reference to a ‘standard’ house (Forrest, Glen, and Ward, 1996). Thus in both cities the 
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standard house had full central heating and no garden while the excluded house types, house 

ages and ACORN types are reported in Table 3 below.  The modal characteristics are 

excluded from our equation and the coefficients on the included dummy variables can be 

interpreted as a percentage premium or discount relative to the excluded modal characteristic. 

 

Table 3 

Excluded house type, house age and ACORN code by city 

 
City House type House Age ACORN 

Bristol Terraced Pre 1919 EFG 

Greater London Flat Pre 1919 D 

 

 

Regression results 

 

The regression results are presented in Tables 4a and 4b below for Bristol and Greater 

London respectively. 
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Table 4a Regression results - Bristol 

Variable Coefficient Standard 
Error 

T-statistic 

Constant 10.460 0.015 692.742** 

House Type    

Detached 0.183 0.008 23.881** 

Semi-detached 0.081 0.006 14.735** 

Bungalow 0.130 0.013 9.763** 

Flat -0.045 0.008 -5.453** 

Number of Bathrooms 0.132 0.005 27.615** 

Number of Toilets 0.057 0.004 13.623** 

Number of Garages 0.085 0.004 21.278** 

Number of Garage Spaces 0.036 0.002 14.514** 

Garden -0.030 0.009 -3.441** 

Size (in square metres) 0.081 0.001 59.537** 

Availability of Central Heating     

None -0.003 0.007 -0.510 

Partial -0.053 0.009 -6.082** 

Age of Property    

1919-1945  -0.049 0.007 -7.061** 

1945-1960  -0.118 0.008 -15.253** 

1960+  -0.114 0.006 -18.890** 

New  -0.098 0.009 -10.672** 

Acorn Classification    

A 0.253 0.010 25.974** 

B 0.111 0.008 14.613** 

C 0.100 0.011 9.186** 

D 0.183 0.007 25.279** 

H -0.067 0.006 -10.975** 

IK -0.222 0.006 -34.183** 

J -0.174 0.014 -12.224** 

Time    

Yr 2002 0.252 0.009 29.250** 

Yr 2003 0.346 0.008 42.216** 

Yr 2004 0.419 0.008 51.780** 

Yr 2005 0.441 0.008 56.987** 

Yr 2006 0.536 0.007 74.487** 

Yr 2007 0.612 0.007 84.679** 

School Quality 0.003 0.000 24.198** 

    

 Sample size 13,698  

 Adjusted R² 0.778  

 F-Statistic 1600.822  

**Significant at the 5%, or higher level, of significance. 
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Table 4b 
 
Table 4b Regression results - Greater London 

Variable Coefficient Standard 
Error 

T-statistic 

Constant 11.497 0.004 2909.793** 

House Type    

Detached 0.222 0.005 45.191** 

Semi-detached 0.207 0.003 66.549** 

Terraced 0.166 0.002 69.687** 

Bungalow 0.267 0.008 33.746** 

Number of Bathrooms 0.255 0.002 136.933** 

Number of Toilets 0.064 0.002 39.968** 

Number of Garages 0.036 0.002 17.539** 

Number of Garage Spaces 0.012 0.001 10.047** 

Garden 0.046 0.002 21.318** 

Size (in square metres) 0.004 0.000 165.864** 

Availability of Central Heating     

None -0.023 0.002 -9.417** 

Partial -0.029 0.004 -7.939** 

Age of Property    

1919-1945  -0.101 0.002 -44.440** 

1945-1960  -0.184 0.003 -59.448** 

1960+  -0.214 0.002 -96.371** 

New  -0.188 0.004 -44.392** 

Acorn Classification    

A 0.019 0.005 3.912** 

B -0.127 0.005 -27.391** 

C -0.226 0.008 -29.043** 

EFG -0.295 0.002 -122.945** 

H -0.373 0.003 -119.276** 

IK -0.484 0.004 -137.151** 

J -0.293 0.002 -124.605** 

Time    

Yr 2002 0.164 0.003 46.817** 

Yr 2003 0.246 0.004 68.982** 

Yr 2004 0.274 0.003 80.512** 

Yr 2005 0.328 0.003 106.098** 

Yr 2006 0.420 0.003 139.458** 

Yr 2007 0.523 0.003 176.675** 

School Quality 0.001 0.000 24.028** 

    

 Sample size 168025  

 Adjusted R² 0.696  

 F-Statistic 12815.228  

**Significant at the 5%, or higher level, of significance. 

 

 

 

Interpretation of results 

 

Table 5 below shows the regression coefficient of the school performance variable. This table 

also shows the average standard deviation of GCSE results and the house price premium 
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created by a performance which is one standard deviation above the local average. The 

significance of this data is described below. 

 

Table 5 

Coefficient on school performance variable and the residential house price premium for a 

local school with GCSE performance one standard deviation above the local average. 

 
City Coefficient Average 

standard 
deviation of 

GCSE results 

House price 
premium for an 

additional 
standard 
deviation 

Bristol 0.003 18.07 +5.4% 

Greater London 0.001 18.64 +1.9% 

 

The above results suggest that for every 10% point improvement in the average percentage of 

GCSEs grades A*to C, property prices increase by 1% in London and 3% in Bristol. This 

implies that, ceteris paribus, a school in London which had a pass rate of 80% would give 

rise to a local property price premium of 4% compared to properties where the local state-

funded secondary school had a pass rate of 40%. In Bristol a similar difference in schools 

performance would attract a 12% price premium for the house located close to the high 

performing school. 

 

In order to facilitate comparison across a number of studies, Gibbons and Machin (2008) 

suggest calculating the premium in local property prices created by a performance which is 

one standard deviation away from the mean performance in the local schooling area. Table 5 

above reports these results for the two cities we have considered in this study. The table 

shows the average standard deviation of results, in each city, over the period of this study 

(2001-2007) and the resulting premia based on the school performance coefficients we have 

calculated as part of this study. In London an additional one standard deviation of school 

performance increases residential property prices by 1.9% whereas in Bristol an additional 

standard deviation of school performance increases property prices by 5.4%. The results 

presented in Table 5 are in line with a range of both UK and international studies surveyed by 

Gibbons and Machin (2008).  The depth and range of our study provides additional weight to 

the hypothesis that good school performance is capitalised into property prices and the extent 

of that capitalisation. 

 

Table 6 below reports the percentage of students obtaining 5 or more GCSE’s at grades A* to 

C, in the two cities studied, over the period 2001 to 2006. Students’ performance in 2007 is 
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not reported in this table as our model suggests that house prices in any one year will be 

contingent upon the previous year’s GCSE performance of the nearest state school.   

 

Table 6 

Percentage of students gaining five or more GCSE passes at grades A* to C (2001-2006) 

 2001 2002 2003 2004 2005 2006 

Bristol 
Mean 

 

 
32.9 

 

 
32.2 

 

 
38 

 

 
36.9 

 

 
37.5 

 

 
46.4 

 

Greater 
.London 
Mean 

 

 
44.6 

 

 
47.3 

 

 
50.2 

 

 
53 

 

 
54.9 

 

 
58.1 

 

 

 

A comparison of Tables 5 and 6 shows that in Bristol, where state school performance is 

relatively poor, the rate at which ‘good’ school performance is capitalised into local 

residential property prices is greater. This is entirely in line with our a priori expectations that 

where the supply of good schooling is low the premium paid for schools which perform well 

will be relatively higher. 

 

Summary and concluding remarks 
 

In this paper we have presented a study of the impact of published school performance results 

on local house prices. From an examination of the relevant literature, we outlined the 

theoretical basis for our hypothesis that published school performance results would 

positively correlate with domestic house prices. 

 

The empirical results provide robust evidence that over the period 2001-2007 the difference 

in state-funded secondary school performance in GCSE examinations was consistently 

capitalised into residential property prices in the two major UK cities that we have studied, 

i.e., residential properties which are located proximate to higher performing state-funded 

secondary schools attract a price premium.  

 

We have also outlined in this paper our methodology for studying the phenomenon in 

question. We have experimented with different hedonic pricing models and functional forms. 

Our results provide a firm basis for future studies. 
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We experimented with different representations of school performance. Specifically we 

examined if there were threshold values of GCSE pass rates which defined a ‘good’ school. 

We also examined the relative performance of schools to ascertain if a house price premium 

was paid for an above local average or above national average performance. In all cases none 

of the alternative specifications of school performance produced superior results to our 

preferred specification. This reinforces the conclusion that it is the absolute performance of 

the nearest state funded secondary schools that parents focus upon when making house 

purchasing decisions. 

 

Bristol, which attracted the highest price premia for ‘good’ school performance, had an 

average performance in GCSE examinations significantly lower than Greater London. Hence, 

in a city where the supply of good schools was lower, the price premium for a ‘good’ school, 

in terms of the rate at which school performance was capitalised into local property prices, 

was higher. This finding has implications for students’ ability to access high performing 

schools, in so far as their parents are unable to pay the price premium required to purchase a 

house which would guarantee access. This has significant public policy implications. 

Furthermore the superior transport infrastructure in London may result in students being less 

geographically ‘tied’ to poor performing schools and facilitate access to higher performing 

schools. 

 

The education policy introduced by the UK government in 1988, which included the 

publication of school performance results, appears on the face of it to have been successful in 

improving the performance of state schools. The number of children obtaining five or more 

A* to C grades in GCSE examinations has increased year-on-year since 1988. But this policy 

has had the incidental effect (probably unforeseen and unintended) of increasing house prices 

in areas where the better performing schools are located thus making it more difficult for 

children from lower income families to benefit from access to the better schools. This implies 

that those lower income families will be concentrated in areas of lower house prices and also 

lower performing schools. The creation of areas of relative affluence and relative poverty 

creates social problems. This is likely to be part of a wider problem, now being addressed by 

the UK government, of areas of high unemployment and welfare dependency. The results of 

this study, and similar studies in both the UK and US, should therefore be of value to policy 

makers concerned not only with education policy but also with social and economic policy. 
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While the study reported in this paper is based upon the UK experience, the implications are 

relevant to any country in which similar education policies are adopted. 
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Chapter 6:  

A Dynamic Analysis of Mortgage Arrears in the UK Housing Market 

Summary. The UK economy has enjoyed an unprecedented period of positive economic 

growth since the early 1990s. The absence of recession for more than a decade has been 

accompanied by a sustained decline in the level of mortgage arrears, as reported by major 

lenders. This paper seeks to examine the factors which have driven the reduction in mortgage 

arrears and, in doing so, identify those factors which are most likely to cause arrears to 

increase in the future, should economic conditions deteriorate. The paper employs the 

Johansen methodology to test for the presence of multiple co-integrating vectors. An error 

correction model is estimated in order to examine long-run and short-run dynamics in 

mortgage arrears. In line with previous research concerning the causes of mortgage arrears, 

the results presented here emphasise the importance of changes in the rate of unemployment, 

loan–income and debt–service ratios. More importantly, our results highlight the statistical 

significance of un-withdrawn housing equity as an explanatory variable with respect to 

mortgage arrears. 

 

 

1. Introduction 

 

According to official statistics for the UK, more than 389 000 properties were possessed by 

lenders between 1990 and 1996, which affected more than 1 million individuals (Council of 

Mortgage Lenders, 1997). Possessions are invariably the result of an extended period of 

financial distress during which individuals and households have accumulated arrears. This 

paper seeks to examine those factors which influence the aggregate level of arrears on the 

mortgage book of a number of major UK banks and building societies. 

 

The UK housing market has experienced considerable turbulence since the early 1980s (Ford, 

1997). The market has witnessed several periods of rapidly rising house prices, such as 

occurred between 1982 and 1989. However, between 1990 and 1992, a sharp downturn in 

activity was reported, resulting in a dramatic reversal in house price inflation. Since 1992/93, 

the UK economy has enjoyed a period of steady growth, accompanied by a sustained decline 

in unemployment and a strong rise in earnings. As a consequence, the market has again 

reported record increases in average house price inflation across the UK, originating in 

London and the South East region, with the consequent ‘ripple effect’ northwards. This latest 
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boom has renewed fears that the UK housing market is again overheating, thereby increasing 

the probability of another crash similar to that experienced in the early 1990s. It is in this 

context of a sustained house price boom that the level of mortgage arrears has significantly 

decreased, as accounted for by the UK major lenders. 

 

This paper seeks to examine the variables which have driven the reduction of mortgage 

arrears and, in doing so, identify those factors which are most likely to cause this situation to 

reverse should conditions in the UK economy deteriorate in the future. We examine the path 

of mortgage arrears in the period from 1993 to 2001, based on a unique database compiled 

from the detailed profile of borrowers from a consortium of major mortgage lenders. In the 

context of our analysis, it should be noted that we are only concerned with arrears involving 

mortgages for a specific sub-section of the UK housing market—namely, the owner-occupied 

sector; we are not concerned with arrears involving rents in the public and private sectors. 

 

The remainder of the paper is organised as follows. Section 2 presents the past and more 

recent developments in the UK housing market in order to put the study reported here into 

context; section 3 examines the pattern of mortgages, mortgage arrears and mortgage 

possessions since the mid 1980s; section 4 describes the framework which we employ to 

model mortgage arrears and a description of the data; section 5 sets out the econometric 

methodology, while section 6 presents and discusses the empirical results. Finally, section 7 

summarises and sets out the main conclusions of the paper 

 

2. Developments in the UK Housing Market: 
 

The structure and nature of the UK housing market are the result of a trend which has seen 

the proportion of personal-sector wealth held in the form of owner-occupied dwellings 

increase dramatically over many years. Owner-occupied dwellings accounted for 

approximately 40 per cent of the net wealth of the personal sector in 1990 compared with 

around 20 per cent in 1960. The UK has one of the highest owner-occupation rates in the 

world and one of the lowest levels of private renting. In 1991, 68 per cent of households were 

owner-occupied, whereas this was a mere 10 per cent in 1914 (Miles, 1993). The period 

1981–89 saw a rapid growth in the number of home-owners from 11.9 million to 15 million 

and the number of mortgage holders grew from 6.2 million to 9.1 million households 

(Maclennan and Gibb, 1993). 
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The early 1980s saw a sharp downturn in housing market activity, with house prices 

remaining almost static in 1980 and 1981.
27

  This stagnation has to be placed in an historical 

context. A Conservative government came to power in 1979 with an agenda which 

encouraged home-ownership (Moore, 1992). Two specific areas of government policy were 

central to the growth of homeownership. First, a ‘Right-to-Buy’ policy saw 1.45 million 

properties transferred from the ‘social rented’ sector to the private owner-occupied sector 

between 1980 and 1992.
28

 At the same time, deregulated financial markets generated a highly 

competitive financial environment (Coakley and Harris, 1992) as well as the end of credit 

rationing (Michie and Wilkinson, 1992). This policy, and the liberalisation of financial 

markets in the 1980s, the Financial Services Act 1986 and the Building Societies Act 1986 

(Harrington,1996), were key drivers of the turbulence in the housing market in the late 1980s 

and early 1990s. 

 

Increased competition between lenders resulted in borrowers being able to acquire loans 

which were a greater percentage of the value of their properties and a higher multiple of their 

incomes. This resulted in household- sector mortgage indebtedness increasing from less than 

25 per cent of annual disposable income in 1980 to around 75 per cent in 1992 (Brookes et 

al., 1994). The average mortgage advance increased from 46.1 per cent of the house price in 

1980 to a peak of 60.1 per cent in 1986, remaining at 58 per cent for the rest of the 1980s. For 

first-time buyers, the average advance increased from 73.8 per cent of the house price in 1980 

to a peak of 84.4 per cent in 1988 (Council of Mortgage Lenders, 1994). 

 

The combination of increased demand for housing, due to rising incomes, and increased 

competition to supply mortgage lending fuelled house price inflation. According to official 

statistics, real house prices rose, on average, by over 4.5 per cent per annum during the 

1980s, with nominal house price inflation peaking at 28 per cent in 1988. As house prices 

increased, borrowers increased their gearing and those at the lower end of the income scale 

with no deposit were amongst the most highly geared borrowers. Accelerating property prices 

also increased the equity which many long-term borrowers have in their property. By 1989, it 

                                                           
27

 As described by Ford (1997), during the 1980s, many borrowers lost their property as a result of mortgage 

arrears and, ultimately, possession of their property, which led to a significant increase in homelessness. 
28 Since 1979, the dominant housing policy was the promotion of owner-occupation  and, consequently, the national 

housing stock owned by local authorities was reduced dramatically (Atkinson et al., 1987). 
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was estimated that 24 per cent of borrowers had extended their loans and drawn down the 

equity in their property values. 

 

However, the price inflation generated by the ‘Lawson Boom’
29

 of the late 1980s (Coakley 

and Harris, 1992)
30

 led to the inevitable adoption of a restrictive monetary policy and a 

tightening of interest rates—with mortgage rates doubling during a 16-month period from 

September 1988 to January 1990, peaking at over 15 per cent. 

 

The combination of a restrictive monetary stance and the ensuing economic recession of the 

early 1990s caused the housing market to weaken considerably—nominal house prices across 

the UK fell, on average, by around 7.5 per cent between 1990 and 1992 which was 

unprecedented in the previous 40 years (Council of Mortgage Lenders, 1994). The severity of 

the decline in house prices was also matched by the longevity of the slump in the housing 

market. Real prices declined by 6.25 per cent per annum from 1989 to 1994 and by a further 

2.5 per cent in 1995 (Pain and Westaway, 1997). A significant number of households found 

themselves in the position where they were unable to meet their mortgage repayment  

schedules and they fell into arrears, ultimately resulting in an increased level of possessions 

by lenders, up from 16 000 in 1989 to 75 500 in 1991 (Malpass and Murie, 1999). 

 

Borrowers in arrears came from a wider spectrum of home-buyers than had previously been 

the case in terms of age, occupational status and family composition. Job losses due to 

redundancy, small business failure and reduced earnings were the major triggers of arrears. 

Retrospectively, lenders were perceived to have responded slowly to the growth of arrears, 

only securing the earlier intervention contact and assessment after a period of time. 

 

Ortalo-Magne´ and Rady (1999) argue that a sustained growth in incomes and a relaxed 

credit constraint for younger borrowers were critical in explaining the boom in the 1980s 

property market. They further argue that the negative credit market shock, which the UK 

mortgage market experienced in the late 1980s and early 1990s, was a unique event and was 

unlikely to be repeated. 

 

 

                                                           
29

 Nigel Lawson was the Chancellor of the Exchequer from June 1983 until October 1989. 
30

 The ‘Lawson boom’ is associated with the peak of the financial system’s expansion during the 1980s, which 

was reflected in an unsustainable credit expansion and inflation of house prices. 
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3. The Pattern of Mortgage Arrears 

 

The impetus for the research we report in this paper stems from the observed pattern of 

mortgage arrears in the UK housing market since the mid 1980s. In the past, financial 

institutions typically developed a ‘score card’ methodology to predict future refinancing 

problems on the part of mortgage borrowers. Such an approach seeks to identify a series of 

trigger events that are associated with mortgage arrears. By the late 1990s, this score card 

approach systematically overestimated the actual level of arrears. The observed behaviour of 

mortgage data generated a second concern—namely, that the incidence of arrears had shifted 

from its long-run equilibrium level. In the context of these recent developments, this paper 

develops an econometric model in order to assess the extent to which the incidence of 

mortgage arrears has diverged from its long-run equilibrium level and how swiftly it may 

return to that level. 

 

As can be seen from Figure 1, the number of mortgages granted in the UK increased steadily 

over the period considered in this paper (1985–2001). Nevertheless, since 1993, the number 

of mortgages in arrears has decreased significantly, along with the number of possessions 

(Figure 2), despite the 1995 changes to the entitlement to welfare benefit concerning 

mortgage interest
31

 and growth in the mortgage payment protection insurance (MPPI).
32

 Later 

in the paper, empirical tests provide evidence of the fact that the above factors did not 

contribute to structural breaks over time in the model presented. 

 

                                                           
31

 These changes were motivated by the need to increase tax revenue which was lost by the changes in welfare 

entitlement (Devereux and Lanot, 2003) and the fact  that the expenditure was distorted towards higher-income 

households, as suggested by Hendershott et al. (2002). 
32

 For more information on the 1995 changes in the social security and the MPPI policies, see Kemp and Pryce 

(2002). 
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Figure 1. UK mortgages, 1985–2001. Source: Housing Finance, Council of Mortgage 

Lenders. 

 

Three main factors appear to be responsible for the decline in the number of mortgage arrears 

and possessions. First, after the ‘boom and bust’ of the late 1980s and early 1990s, it may be 

argued that banks and building societies have improved their procedures for measuring the 

risk associated with supplying mortgages to different types of borrowers. This, therefore, has 

equipped them with a greater depth and refinement of information for assessing lending risk 

and the probability of mortgage default. Secondly, it may also be argued that borrowers have 

become better informed and more cautious about choosing particular mortgage products than 

previously. Finally, competitive pressures have resulted in many financial institutions 

nowadays offering low-margin mortgages (Harrington, 1996).
33

 The outcome is that 

customers have become less loyal to lenders, more discerning about financial products and, 

hence, more active in searching for the best-value offerings in the market, resulting in 

reduced monthly mortgage payments for many, as suggested by Aoki et al. (2001). 

                                                           
33

 The 1986 Building Societies Act widened the powers of these financial institutions and, as a consequence, 

they started diversifying their activities and competing openly with banks on interest rates. 
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Figure 2. Mortgages in arrears and possessions. Source: Housing Finance, Council of 

Mortgage Lenders. 

 

As a result, the negative impact of the abolition of tax relief on mortgage interest on house 

prices, housing consumption and, ultimately, home-ownership was offset by changes in 

borrowers’ behaviour and household leverage, as claimed in Hendershott et al. (2002).
34

 

 

With respect to the analysis of mortgages in arrears, three main periods are normally 

considered: 3–6 months in arrears, 6–9 months in arrears and over 12 months in arrears. 

Figure 3 shows that mortgages in arrears follow the same pattern in the three periods 

analysed.  

 

                                                           
34

 The deductibility of home mortgage interest for tax purposes has been examined by Woodward and Weicher 

(1989) and Follain and Malamed (1998). 
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Figure 3. Mortgages in arrears: 3–6, 6–9 and over 12 months. Source: Housing Finance, 

Council of Mortgage Lenders. 
 

It will be seen that the general pattern of mortgages in arrears increased sharply from the end 

of 1989 to 1992. Thereafter, the number of arrears has been in a downward trend. This has 

been in tandem with a steady decline in the national level of unemployment in the UK, which 

has reached historically low levels. Moreover, the nature of this unemployment has tended to 

be primarily short-term (so-called frictional unemployment), further contributing 

significantly to the decrease in arrears. 

 

However, the number of mortgages in arrears for 3–6 months seems to be more volatile than 

the number of mortgages in arrears in the other two periods. This is due to the fact that many 

borrowers will typically attempt to delay the payment of their mortgage instalments for a few 

months, when they are faced with what they perceive to be temporary changes in their net 

income and/or expenditure. In such circumstances, mortgagors will rectify the delay in 

paying their instalments without any major action being taken by the financial institutions 

concerned. Moreover, many mortgage borrowers make use of the net asset value contained in 

their property—i.e. the property value minus the outstanding value of the mortgage (referred 

to as ‘un-withdrawn equity’)—and, as a consequence, negotiate new contracts with the bank 

or building society. 

 

The housing literature identifies a number of particular factors in the explanation of the 

dynamics of mortgage arrears. The levels of unemployment and redundancies are identified 



160 
 

as key drivers of the aggregate level of arrears by Doling et al. (1988) and Ford et al. (1995), 

while Brookes et al. (1994) identify increased inflows into unemployment as an important 

factor. The relationship between the age of the head of household and arrears has been also 

examined by Ford (1993) and Nettleton and Burrows (1998). In addition, Ford and Burrows 

(1998) have found evidence that the younger the head of the household, the greater the 

probability of experiencing arrears. Furthermore, Boheim and Taylor (1999) 

suggest that the increased incidence of periods of unemployment experienced by younger 

workers explains their increased propensity to experience mortgage arrears. 

 

Several US studies have also emphasised the importance of equity on mortgage default, such 

as Jackson and Kaserman (1980) and Williams et al. (1974). Case et al. (1995) claim that 

periods of high default rates 

on home mortgages in the US are closely associated with a decrease in un-withdrawn equity, 

derived from decreases in real estate prices. The following framework investigates these 

relationships. 

  

4. Modelling Framework and Data 

 

4.1 Modelling Framework 

 

The theoretical model presented in this paper stems from earlier research by Wadhwani 

(1986), which examined the frequency of corporate bankruptcies. Brookes et al. (1991) 

were the first to apply Wadhwani’s theoretical framework to the analysis of mortgage default. 

This original framework has been further developed by Breedon and Joyce (1993) and 

Brookes et al. (1994). The model is based on the assumption that an individual and/or 

household who can afford to buy a house chooses to buy instead of renting, as long as such a 

choice results in higher net returns. In other words, the individual wishes to maximise the 

expected utility 

 

                                (1) 

 

where, θ is associated with the probability of mortgage payment difficulties; H is the amount 

of housing services; δ is the net return associated with home-ownership (after subtracting 

mortgage payments and other debt costs, as well as maintenance costs); φ is equivalent to the 

rent that the occupier would pay for the same house; and c represents costs that would be 

incurred if payments started to be in arrears. 
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In the model specified by equation (1), H is treated as a continuous variable because we 

assume that it also depends on the size of the house and its features; c includes the cost of 

paying mortgage instalments late and respective consequences (such as difficulty in obtaining 

housing or loans from then onwards). Therefore, c is assumed to be positively related to H. 

 

The model is initially based on two further assumptions: there is no inflation and first time 

buyers are able to obtain more finance only if the value of the property (VP) is higher than 

the mortgage debt (MD). The individual or household may incur mortgage payments 

difficulties when 

 

                      (2) 

 

 

where, Y is disposable income; LC stands for other living costs; ρ is interest rate paid; and 

(VP - MD) represents un-withdrawn equity. 

 

Therefore, the probability of going into arrears can be represented by the following function; 

 

                          (3) 

 

The situation becomes more complex when we take into consideration the effects of inflation. 

If the value of mortgages is indexed to inflation, then the model remains unchanged (if 

borrowers have contracts with a variable mortgage rate). Nevertheless, if this is not the case 

and lenders refuse to provide borrowers with new loans, then borrowers will be in arrears 

when; 

 

                   (4) 

 

A further extension to the model is to incorporate the case when income, living expenses and 

interest rates rise at a rate of π, while the mortgage stock remains constant. In this case, the 

real rate ρ is constant. Using the Fisher condition, we can write r as (ρ+π+ρπ) and the 

individual or household will be in arrears if; 

 

      
              

    
           (5) 

 

The above equation shows that when inflation increases, borrowers face an additional 

payment of πMD / (1+ π). When inflation and interest rates move in tandem, if inflation 
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increases then the borrower’s debt– service ratio also increases and this has an important 

impact on those borrowers with high loan–income ratios. This, as a consequence, increases 

the likelihood of mortgage arrears. 

 

This may, however, be counterbalanced by the extent that house prices also increase and 

borrowers release (un-withdrawn) equity in order to meet mortgage instalments. If this 

happens, then debt service as a percentage of the borrower’s income may remain unchanged 

and hence the borrower will be in arrears if; 

 

                                  (6) 

 

In practice, due to costs such as transaction costs, borrowers can only increase their loan by a 

proportion of the un-withdrawn equity which puts some additional strain on payment 

difficulties. Under these conditions, the probability of arrears will be a function of the above 

variables, including the extra monthly payment required, which may produce income shocks. 

The unemployment rate, (UR), as well as aggregate income (Y) are probably the most widely 

used measures to account for these shocks. There are other factors such as age of borrower, 

relationships and administrative problems, which have an impact on arrears; however, they 

are difficult to measure at a macroeconomic level and hence they have been excluded from 

this model
35

. In addition, it is difficult to obtain an accurate measure of other living costs, 

and hence we use the loan–income ratio for first-time buyers (LY) as a proxy, since for most 

first-time buyers, mortgage debt payments reflect, by far, the largest element of household 

expenditure, as claimed by Stein (1995)
36

. Finally, we use the debt–service ratio (DS) to 

capture the burden and risk associated with the increased debt mortgage repayment. The 

probability of arrears can then be written as; 

 

        
 

    
                         (7) 

 

where pc is the consumer price index. 

 

An important point to consider in this model is that only unanticipated inflation should have 

an impact on the borrower’s mortgage payment difficulties, which means that, in the long 

                                                           
35

 This paper deals with monthly data for England and Wales on mortgages and mortgage arrears and not with 

microeconomic information on individual borrowers. 
36

 Stein (1995) argues that, in the case of the US, owner-occupied homes represent the equivalent of 

approximately 27 per cent of household net worth. As a result, he states that “an exogenous shock to house 

prices can have a large and broad based impact on household liquidity” (Stein, 1995, p. 381). 
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run, the level of inflation does not affect arrears, even though short term changes in inflation 

do. 

 

4.2 The Data 
 

We use monthly data for England and Wales only, for the period May 1993 to April 2001. 

It is important to note that we have excluded data for Scotland due to the fact that there is 

evidence that the trends in the housing market in Scotland and the rest of the UK have 

differed substantially
37

. This may be due to the fact that the court system for arrears and 

possessions operates differently in Scotland. Moreover, the structural timing of the transition 

from renting to home-ownership also differs between Scotland and England and Wales
38

. 

 

For the purpose of this study, most of the data were provided by a group of mortgage lenders. 

The sample constitutes approximately 36 per cent of the total mortgage book in the UK for 

the period under investigation, which is sufficiently large to be representative of the whole 

population. The remaining data have been obtained from the Office for National Statistics 

(ONS) and the Office of the Deputy Prime Minister (ODPM). 

 

The dependent variable in our model is the number of arrears in excess of 3 months on the 

mortgage book (ARR) as a proportion of the total mortgages (M) and is presented as ARRM. 

The variable M includes both repayment and endowment mortgages
39

. Data on the 

unemployment rate (UR) are taken from the ONS. Since it is extremely difficult to obtain an 

accurate measure of living expenses (beyond mortgage instalments), the loan–income ratio 

for first-time buyers (LY) is used here. The ratio of mortgage interest payments to real 

personal disposable income measures household mortgage debt–service ratios (DS). The 

level of un-withdrawn equity (UNW) is calculated by the difference between the current 

                                                           
37

 Even though the study of regional effects in the UK housing market is not the purpose of this paper, the level 

of arrears as a percentage of total mortgages does not seem to vary considerably across the various regions of 

the UK. Mortgages which are at least 3 months in arrears constitute approximately 1–3 per cent of the total 

amount of mortgages across the 12 regions in the UK. 
38

 We thank anonymous referees for their useful comments on the differences between the housing market in 

Scotland and the rest of the UK. 
39

 It should be noted that the dataset used here does not allow us to distinguish between repayment and 

endowment mortgages. However, it is important to note that the amount of endowment mortgages has decreased 

from around 60 per cent of the total amount of mortgages in 1993/94 to 5 per cent in 2002, as a result of the 

benefit changes in 1995. According to Devereux and Lanot (2003), following the changes in tax relief, the gap 

in costs between repayment and endowment mortgages narrowed and therefore the additional risk associated 

with endowment mortgages made this type of mortgage increasingly unattractive to borrowers. 
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value of the mortgaged housing stock minus the outstanding stock of mortgage lending as a 

proportion of the stock of mortgage lending; 

 

    
                 

    
 

 

where, M is the current stock of mortgages (number); MAHP is a mix-adjusted house price; 

and OSML is the outstanding stock of mortgage lending (value). The variable MAHP was 

obtained from Office of the Deputy Prime Minister (ODPM). Data have also been provided 

by lenders on mortgage interest rates (RM) at which most mortgage business was written. 

Real personal disposable income (RPDI) data are from the ONS. 

 

5. Methodology 

 

The methodology used in this article pursues the following structure: initially, we examine 

whether the variables investigated have one or more unit roots; we specify the VAR order 

and determine the number of cointegrating vectors. Finally, we present a dynamic model of 

mortgage arrears, based on the long-run determinants of mortgage arrears. 

 

5.1 Unit Roots Tests 

 

We primarily investigate whether the variables described above are stationary or whether 

they have one or more unit roots. We use three tests to look at the dynamic structure of the 

time-series: the augmented Dickey–Fuller test (ADF)
40

, the Phillips– Perron test (PP)
41

 and a 

test by Im et al. (1997) which uses panel data. The main difference between the first two 

tests lies in the fact that Phillips and Perron carry out a non-parametric correction to the 

ADF statistics. However, the critical values for this test are the same as those for the 

ADF test (Pesaran and Pesaran, 1997). The variables are presented both in levels and in 

differences. The statistics presented regarding the order of augmentation of the Dickey– 

Fuller test are based on the Akaike information criterion (AIC) and correspond to an 

alternative adjusted form of R
2 

, with a different trade-off between goodness-of-fit and 

parsimony (Kennedy, 1998). The AIC minimises ln (SSE/t) + 2k/t, where ln is the natural 

logarithm, SSE is the error sum of squares, t is time and k represents the number of 

explanatory variables. 

 

                                                           
40

 For a thorough explanation of this test, seeFuller (1976). 
41

 This test is described thoroughly in Perron (1988). 
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A way to examine whether the series as a whole is stationary (which many researchers claim 

to be more relevant) is the one developed by Im et al. (1997). While the ADF test is regarded 

as considerably more powerful than other unit root tests, its power decreases with smaller 

samples for the alternative hypothesis H1:        , when    is near unity. This does not 

seem to be a problem in the case of the Im, Pesaran and Shin (IPS) test because it uses panel 

data, as well as with the fact that a large number of observations is present. Moreover, the 

simple ADF test regards the size–power trade-off as dependent on the order of augmentation. 

This again does not constitute a problem in the IPS test. The IPS test is based on the average 

of the individual unit root t-statistics and, in its most generalised version, which accounts for 

possible serial correlation between the disturbances in the Dickey–Fuller regressions, it takes 

the following form 

 

                    
 

 
         

 
                   /   

 

 
          

 
                

           

        (8) 

 

where, 

 

          
 

 
      

 

   
          

 

and              corresponds to the individual t statistic for testing       in the following 

ADF (  ) regressions 

 

                        
  
                    (9) 

 

where i = 1,.....,N; t= 1,.....T. 

 

The values of                   and                     are reported in Im et al. 

(1997), evaluated via stochastic simulations. 

 

5.2 Lag Specification 

 

In order to implement the Johansen maximum likelihood approach to test for cointegration, a 

general (unrestricted) vector autoregressive (VAR) model is formulated. This summarily 

consists of regressing each variable in the model on all the other variables, lagged a number 

of times—i.e. we allow the timepath of one variable to be affected by current and past 
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realisations of some other variable’s sequence and vice versa. The number of lags in the VAR 

system is then specified based on the Akaike information criterion (AIC). 

 

5.3 Cointegration Tests 

 

Engle and Granger (1987), Johansen (1988) and Johansen and Juselius (1992) have  

developed a methodology centred on cointegration. The technique of cointegration evolves 

around the idea that certain variables “should not diverge from each other by too great an 

extent, at least in the long run” (Granger, 1991, p. 65). In other words, although the variables 

are non-stationary, they can be combined together into a single series which is itself   

stationary. 

 

There are currently two main approaches to the problem of testing for cointegration: one is 

referred to as the residual-based approach and is based on the augmented Dickey–Fuller 

(ADF) test of cointegration; the other is Johansen’s maximum likelihood approach. The latter 

is employed in this paper as it appears to be more reliable and efficient, especially when more 

than two I(1) variables are involved, as is the case of the present study. It specifically 

provides a framework to test for cointegration within the context of a vector autoregressive 

(VAR) error correction model. 

 

The Johansen maximum likelihood procedure is based on a process of n I(1) variables in an 

(n _ 1) vector X as an unrestricted regression 

 

                                          (10) 

 

where, t =1, 2, . . . , T; p represents the number of time lags and    is an independently 

and identically distributed n-dimensional vector with zero mean and variance matrix 

  . In addition, A is a (n x n) matrix of parameters. Equation (10) can then be rearranged 

as follows 

 

        
   
                                                      (11) 

 

where 
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and 

 

             

 

   

  

 

I is the identity matrix. The rank of   is equal to the number of independent cointegrating 

vectors (r) which exist between the variables in X. It can be obtained by testing for the 

number of characteristic roots of   that are significantly different from 1. Johansen (1988) 

demonstrates that this can be conducted, using two test statistics 

 

                      
  

             (12) 

 

                           
     (13) 

 

where   
  are eigenvalues and T is the number of usable observations. 

 

Johansen (1988) and Johansen and Juselius (1990, 1992) provide the critical values of both 

statistics, which have been generated, using simulation studies. Once we have the number of 

cointegrating vectors, we then obtain estimates of the cointegrating coefficients (together 

with their asymptotic standard errors), which show the long-run relationships between the 

variables considered. Because, at this stage, we will have proved that the variables involved 

in this process are cointegrated, the deviations of the dependent variable (in this case, the 

ratio of arrears over 3 months and outstanding mortgages – ARRMt) from its long-run path 

ARRMt
*
 are stationary. 

 

5.4 A Dynamic Model of Mortgage Arrears 

 

The next step is to develop a model in first differences which incorporates an error correction 

mechanism (ECM) 

 

        
 
                      

 
                     (14) 

 

where, y is the dependent variable (ARR/M); x represents each of the explanatory variables; β 

and γ are the coefficients of the explanatory variables in the equation; α is the estimated 

coefficient of each of the independent variables in the long-run relationship; ε is the error 

term of the equation, i represents the number of explanatory variables in the model; and t is 

the time-period.  
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Therefore, the estimation of a spurious regression because of the presence of possible 

stochastic or deterministic trends in the data is not a possibility. The model presented above is 

composed of a long-run solution and has an ECM       
  when its coefficient γ  is  

negative. 

 

6. Empirical Results 

 

In this section, we present the estimated results, based on the model set out above, as well as 

the different steps which constitute the methodology of this study. Table 1 reports the results 

of unit root tests, developed by Dickey and Fuller and Phillips and Perron, on the levels and 

first differences of all the variables incorporated in the analysis. Note that all the variables are 

in natural logarithms. The results indicate that all the variables are integrated of degree one— 

i.e. they are stationary when in first differences. The only exception is the debt service ratio 

(DS) which, according to the Phillips–Perron test, appears to be stationary in levels. 

 

Therefore, it is important to look at all the variables as a dataset per se and determine whether 

the panel is stationary or whether it has a unit root. The results of the IPS      test is -18.8812, 

which is significantly above the critical value of -2.27 (in absolute terms) at a 99 per cent 

confidence level
42

. Indeed, the test statistic provides evidence that the series as a whole is 

stationary when the variables are in differences. Due to this fact, it is highly probable that the 

variables are cointegrated with each other. The next step is to decide on the appropriate 

number of lags to be considered for all equations in the VAR. According to AIC and SBC, 

the order of the unrestricted VAR is equal to two. Based on the results obtained above, 

cointegration tests are conducted in a multivariate framework. The results are reported in 

Table 2. The trace and maximal eigenvalue tests provided similar results; they reveal that 

cointegration is supported among the group of variables considered. Taking the above results 

into consideration, what follows is the respective cointegrating vector. This shows the long-

run relationship between the ratio of arrears of more than 3 months to the number of 

outstanding mortgages (the dependent variable) and the explanatory variables—see Table 3. 

 

 

 

 

 

 

                                                           
42

See previous section on testing for unit roots in panel data.  
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Table 1. Unit root tests 

 

 ADF test PP test 

Variables Levels Differences Levels Differences 

lnARRM -1.3305 -9.6494** -1.1728 -29.2557** 

lnUR -0.1949 -7.7904** 0.0532 -7.1000** 

lnRPDI -0.8382 -7.1535** 0.7320 -9.2687** 

lnLY -2.0442 -8.2056** -2.2073 -11.3818** 

lnUNW -1.1742 -9.0296** -1.2785 -74.5768** 

lnDS -2.3019 -6.5044** -3.9169**  

lnRM -2.7368 -5.5007** -1.6888 -5.7246** 
** Statistically significant at the 95 per cent level of confidence (95 per cent critical value for ADF and PP 

statistic  = -2.8963). 

 

 

Table 2. Multivariate cointegration tests; lnARRM, lnUR, lnRPDI, lnLY, lnUNW, lnDS and 

lnRM 

 

Hypothesis Test statistic 95% critical value 

Null Alternative Eigenvalue Trace 

r = 0 r = 1 54.3569 

(39.83) 

105.5291 

(95.87) 

r ≤ 1 r = 2 20.8347 

(39.83) 

51.1722 

(70.49) 
Notes: Period  = 94 observations from 1993M7 to 2001M4;order of variance =  2. 

 

The estimated results imply that the probability of arrears is a positive function of 

unemployment, the loan–income ratio for first-time buyers and the debt–service ratio and a 

negative function of un-withdrawn equity.  

 

The long-run relationship between arrears and unemployment is as we might expect and 

confirms the findings of a number of previous studies. Furthermore, the behaviour of the LY 

and DS variables is also consistent with our a priori expectation that an increased loan–

income value for first-time buyers and/or debt–service ratios increase observed arrears. The 

role of un-withdrawn equity as a long-run explanatory variable of arrears has not been 

examined in previous research on UK mortgage arrears. We have specifically addressed this 

variable here and our long-run equation suggests that an increase in un-withdrawn equity has 

a relatively large impact in reducing arrears
43

. 

 

The resulting dynamic equation based on this cointegrating vector is shown in Table 4. 

                                                           
43

 Data on consumer credit were used in the initial equation which models mortgage arrears but consumer credit 

proved to be insignificant as an explanatory variable and was therefore not included in the final set of results. 

These results are available from the authors, at the reader’s request. 
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It is obtained by ordinary least squares. The equation fits the data reasonably well. In addition 

to a significant cointegrating vector at the 1 per cent level of confidence, the equation 

includes growth terms in the unemployment rate, real disposable income, un-withdrawn 

equity and the mortgage rate. We have also included a dummy variable in order to capture the 

combined effect of changes to social security entitlement andincreases in mortgage protection 

insurance (denoted SSMPI). As can be seen from Table 4, our estimate of the short-run 

relationship suggests that changes in UNW, RM and UR explain short-run movements in 

arrears. The coefficient of changes in RPDI is negative as expected, however, it is not 

significant at the 10 per cent level of significance. Finally, changes in SSMPI that took 

place in 1995 proved statistically insignificant in the explanation of the dynamics of arrears
44

. 

 

The estimated equation has a high R 2 and the t-statistics and remaining diagnostic statistics 

are robust which shows that the estimates presented are efficient. 

 

Table 3. Cointegrating vector, May 1993–April2001  
(lnUR- natural log of the unemployment rate, lnRPDI- natural log real personal disposable income, lnLY- natural 

log of the loan – income ratio for fist time buyers, lnUNW- natural log of un-withdrawn equity, lnDS – natural 

log of debt – service ratio, lnRM- natural log of mortgage rate) 

 

Explanatory variable Coefficient  Standard error 

lnUR 1.6735 0.1317 

lnRPDI   

lnLY 0.4103 0.1897 

lnUNW -1.021 0.1323 

lnDS 0.6359 0.0907 

lnRM   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
44

 We have tested for collinearity between lnUNW, lnLY and lnDS using two different methods: correlation 

matrix and regression of each of these variables on the other two. Both methods showed that the three variables 

above are not collinear. The correlation between lnUNW and lnLY is 0.43, 0.15 between lnUNW and lnDS and -

0.45 between lnLY and lnDS. The R
2 
of each of the three equations is 0.33 for lnUNW, 0.40 for lnLY and 0.04 

for lnDS. 
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Table 4. Dynamic model of mortgage arrears 

 

Explanatory variables Coefficients Standard error 

(t-statistic) 

Constant 0.0606 0.0207 

(2.9228)*** 

ΔlnUR 0.2650 0.0862 

(3.0742)*** 

ΔlnRPDI -0.4649 0.3784 

(-1.2286) 

Δln        

ΔlnUNW 0.0333 0.0185 

(1.8000)* 

Δln        

Δln      0.2828 0.1102 

(2.5662)*** 

       -0.0169 0.0059 

(-3.4490)*** 

SSMPI -0.0089 0.0059 

(-1.5085) 

Summary statistics   

   0.9577  

Standard error 0.0201  

Durbin Watson 2.0443  

Normality 1.9857  

Heteroescedasticity 0.7685  
*Statistically significant at the 10 per cent level of confidence; ***statistically significant at the 1 per cent level 

of confidence. 

 

7. Conclusions 

 

This paper examines the factors which have driven the reduction in mortgage arrears in the 

period 1993–2001 for England and Wales. By using cointegration techniques, the results 

confirm the primacy of unemployment rates and unwithdrawn equity as explanatory variables 

of mortgage arrears.  

 

In the long run, the loan–income ratio for first-time buyers and the debt–service ratio are also 

consistent with the existing literature and affect mortgage arrears positively. However, they 

do not have an effect on arrears in the short run. In a departure from previous studies, un-

withdrawn housing equity exhibits significant explanatory power. The importance of un-
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withdrawn equity, not surprisingly, appears to be a long-run rather than a short-run 

phenomenon, suggesting that the existence of un-withdrawn equity significantly reduces the 

extent of housing arrears. Three main reasons seem to underpin this result. First, un-

withdrawn housing equity is acting as a proxy for a buoyant housing market and, in a 

booming housing market, we would expect mortgage arrears to be lower. Secondly, if the 

individual or household has a certain amount of un-withdrawn equity, he/she has the option 

available to sell the property and trade down. Thirdly, un-withdrawn equity may be used 

when remortgaging the property, in order to avoid going into arrears. These results may 

suggest that mechanisms should be put in place to promote the use of index-based futures and 

options in real estate in England and Wales, as suggested by Case et al. (1995) following their 

investigation of the US housing market. 

 

The findings consider the housing market in England and Wales as a whole. This study does 

not allow for regional variations, as this needs much fuller investigation than has been 

possible in the paper. Therefore, further research could usefully build on the findings 

presented above and focus on the regional dimension of the national housing market with 

respect to the causes of mortgage arrears, as well as the differences from region to region. 
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Chapter 7  

Areas for further research 

Based on the analysis undertaken in this dissertation a number of areas of further research are 

worthy of consideration. 

Firstly, the paper presented in chapter 2 raised the issue of the ripple effect emanating from 

London and the extent to which that influenced house prices in the rest of the UK. Meen 

(1999) has suggested a taxonomy of mechanisms via which movements in London house 

prices could impact movements in house prices in the rest of the UK. Cook and Thomas 

(2003)  confirms a link between London house price movements and movements in house 

prices in the regions of the UK, however they then state that as useful as the Meen (1999) 

taxonomy is, there is little understanding of the mechanism via which London house prices 

impact prices in the regions. The HBoS dataset would allow researchers to identify house 

buyers who were moving out of London and buying houses in the UK regions as their current 

place of residence would be recorded on the mortgage application which is captured in this 

dataset. It should then be possible to examine the extent to which those buyers moving out of 

London are a factor in causing house prices to rise at a higher rate in the regions of the UK. 

 Furthermore it may well be the case that there are multiple ripple effects emanating out of 

major conurbations in the UK rather than one ripple effect emanating from London. Again 

the richness of the HBoS dataset should allow for this effect to be tested. 

Secondly, the hedonic methodology that has been employed in three of the papers included in 

this dissertation could be employed in the following areas: 

 The congestion charge zone in London has been extended to the west; the study could 

be repeated to take account of the larger zone and to examine the extent to which the 

impact on residential property prices identified in chapter 3 has been sustained. 

 

 The premia that was identified for high performing schools in the papers discussed in 

chapters 4 and 5 could be tested for using alternative modelling strategies to test the 

robustness of the results. Alternatives may include an instrumental variables approach 

or a repeat purchase approach. The depth of the HBoS data set would be particularly 

advantageous in relation to a repeat purchase methodology. 
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 There are a number of environmental amenities that could be tested using the hedonic 

approach. In relation to transport systems it should be possible to look at the noise 

nuisance created by airports, Pennington et al. (1990) being an example, it should also 

be possible to look at the improvement in amenity generated by improvements in 

transport infrastructure, for example Forrest et al. (1996) examined the impact of  the 

re-introduction of a mass transit system in Greater Manchester . Finally, a historically 

high occurrence of flooding in the UK in the last decade has increased interest in the 

extent to which flood risk has been capitalised into property values. 
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