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This paper empirically investigates the effect of the economic policy uncertainty on house prices across 10 different geographical regions of England and Wales.  The empirical study is conducted by means of the Autoregressive Distributed Lag (ARDL) bounds cointegration test. Results show a stable long-run relationship (cointegration) between house prices and its determinants (including economic policy uncertainty) in nine of the regions.    Results also evince long-term and short-term negative effect of uncertainty to house prices.  These results clearly indicate the importance of economic policy uncertainty in the determination of UK house prices and demand. 

Introduction

Uncertainty in the economy can significantly influence economic decisions taken by the government, firms and households.  Bloom (2009) and Baker et al. (2016) define uncertainty as a situation where future state of the economy is not known with certainty
 The uncertainty can be triggered by various factors such as changes in the economic fundamentals and policies, heterogeneous future growth prospects and productivity movements, geopolitical scenarios, and natural disasters, among others (Baker et al. 2016). Lately, studies investigating the effect of economic uncertainty on the economy and volatilities have seen a revival (see, among others, Leblang and Bernhard (2006), Bialkowski et al. (2008), Boutchkova et al. (2012), Julio and Yook (2012), Colombo (2013) and Bahmani-Oskooee et al. (2015)), but the number of studies investigating the effect of economic uncertainty on the housing market remains very limited (Bahmani-Oskooee and Ghodsi 2017).   
According to Rapaport (1997) economic agents do not only decide how many units of housing to consume, but also where to consume them.  Because economic agents choose the region and because the price of housing varies by region, the price and quantity of housing units are chosen simultaneously.  Rapaport (1997) also attests that studies involving geographical regional housing demand are limited.
  This paper addresses more than one gap in the literature by investigating the effect of economic uncertainty on the housing market during 1975-2017 across 10 different geographical regions of England and Wales.  First, this paper is one of the few to empirically investigate the effect of economic uncertainty on regional housing prices.
  Second, the research involving the effect of uncertainty on England and Wales’s geographical regional data is almost non-existent; Cameron et al. (2006) emphasise the need for research to draw on regional data. They claim that regional data vary idiosyncratically and thus are more informative about the housing market than national data are.  The additional information content in regional data can be helpful in obtaining more accurate estimates of the effect of the determinants on house prices.  Ashworth and Parker (1997) further assert that finding of difference(s) across regions means that aggregate UK data may be misleading indicators of regional variations.  According to Hamnett (2009), in the UK, the limited supply of housing, the high demand for single and multi-family rental and ownership accommodation, and the increase in urban regeneration imposed structural imperfections in the UK property markets; and this is particularly true in the Southern part of England.  
Given the structural imperfections of the UK housing market and the potential effect of the economic uncertainty on the UK housing market, this paper provides a timely empirical study.  Our main goal is to determine whether regional house prices in England and Wales react to economic uncertainty.  The model estimated in this paper over the period 1975 to 2017 consists of an inverted housing demand.  The empirical investigation is conducted by employing the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration.  Economic uncertainty is presented by the economic policy uncertainty (EPU) index of Baker et al. (2016) and Bloom (2009).  The EPU index reflects fiscal, monetary and regulatory policy uncertainties, which are bound to affect households’ housing investment decision and access to credit, and thereby impacting housing prices (El-Montasser et al. 2016). According to Aye et al. (2017) one of the main advantages of the EPU index is that it is not model-specific, so does not require any complicated estimation of a large-scale model to generate it.  Gomes et al. (2012) contend that government indecision leads to significant economic distortion which, as a consequence, reduces the welfare of the individual economic agent.  Fernández-Villaverde et al. (2012) claim that increasing uncertainty regarding fiscal policy expectations negatively affects total economic activity and inflation.  Using state-level panel data from the US Strobel et al. (2018) find that macro uncertainty has significant effects on housing sectors as well as on real activity variables.  
An increase in economic uncertainty can impose an adverse effect on the economy by reducing employment, investment and output (Bloom 2009, Colombo 2013, Born and Pfeifer 2014, Jurado et al. 2015, Baker et al. 2016).
 Uncertainty may affect the housing market in more than one way. First, increased uncertainty about the demand for housing or the cost of financing can cause real-estate developers to postpone new construction, thus reducing supply.  This is because the firms gather new information and are concerned due to the irreversibility of some costs involved (Bloom 2009). Second, increased uncertainty about future income might cause households to postpone the home-buying decision.  Housing demand is bound to be reduced due to uncertainty about future employment, income and wealth, to which households tend to respond by increasing precautionary savings (Giavazzi and McMahon 2012).  Thus, households respond to the uncertainty by reducing consumption of durable goods and waiting for certainty (Bernanke 1983, Bloom 2009, Bloom et al. 2014). When uncertainty increases lenders might also reduce or deny mortgages to risker borrowers. Uncertainty about employment and income raises fears among lenders the probability of default on the mortgage and foreclosure.   The ability of firms and household to raise capital and finance their investment initiatives reduces significantly as the creditors tend to expect higher rates of return.  Ball et al. (2009) claim that the UK approval process for planning has inherent uncertainty that tends to create further disparity between supply and demand in the UK housing market.  Combined, these decisions in response to uncertainty can cause a sharp slowdown in demand and prices in the housing markets (Ramcharan 2017); however, El-Montasser et al. (2016) assert that an increase in uncertainty may also result in higher demand for houses which in turn inflates house prices.  This will happen if demand for other assets is more sensitive to uncertainty.  

The standard theory of housing demand does not take into consideration the effect of economic uncertainty.  According to Rosen et al. (1984), the standard approach assumes that households know the cost of housing with certainty.  However, over time, the ex post cost measure tends to exhibits substantial variability, and it is very difficult for households to forecast these fluctuations with certainty.  This resulting uncertainty can have important consequences since housing decisions are usually made over several years.  As advocated by Rosen et al. (1984), if the uncertainty is ignored, incorrect estimation of the housing demand and household behavior may result.   Following Poterba (1984) and El-Montasser et al. (2016), the discount rate or user cost of housing in countries (such as the England and Wales) where mortgage interest and property tax are not deductible from taxable income can be written as

uc = δ + γ + i + μ – Π    ,                                        (1)

where δ is the depreciation rate of the dwelling, γ is the maintenance and repair costs as a fraction of the current value, i is the nominal interest rate, μ  is the property tax, and Π is the expected nominal housing price inflation rate.  According to El-Montasser et al. (2016), several of the parameters in the user cost formula are affected by the EPU.  The expected nominal housing price inflation rate is influenced by uncertainty surrounding any determinant of housing price, including income, interest rates, and housing market regulations, among others.  Monetary policy uncertainty impacts both the expected real return from investing in housing and the mortgage interest rate.  As explained above, uncertainty further pushes lenders towards exercising more caution in extending loans which reduces credit availability to households and thus further constrains their housing choices.  
Furthermore, the negative impact of uncertainty on credit and housing markets might be particularly significant during and after a financial crisis.  During periods of financial crisis, economic uncertainty arises because of negative news, which lowers expectations of future economic activity.  Baker et al. (2016) also report that the economic uncertainty is countercyclical – i.e. on average, uncertainty in expansionary times is much less than it is during times of recession.  Our sample period of more than 40 years applied in this paper includes several business cycles, as well as the recently concluded global financial crisis, and the start of the recent Brexit process.
 Both events potentially increased economic uncertainty across the UK and the globe, thus making this study even more timely and vital. The Brexit process could potentially affect the UK housing market by reducing foreign investment and increasing the uncertainty of the future of the European Union (EU) citizen in the UK. It could also signal a reduction in consumer confidence leading to deferred buying and turbulence in the UK banking sector, which provides most of the mortgage funding for housing transactions (Ramcharan 2017).  Based on HM Revenue and Customs statistics, UK housing transactions in the second half of 2016 were 9% down on the same period in 2015.  The global financial crisis of 2007-2010 also had a severe adverse effect on the UK housing market.  The number of monthly housing market transactions fell from a peak of almost 150,000 at the end of 2006 to a low of 52,000 in January 2009, before rising to 73,000 per month over 2010-2011 (Chandler and Disney 2014). A similar trend is also seen in the house prices.  The average price fell from a peak of £192,000 in the third quarter of 2007 to £155,000 in the first quarter of 2009, a fall of 19% in just 1.5 years (Chandler and Disney 2014)
 – this compared to a fall of around 16% during the last house price crash between 1989 and 1993, a period of 3.5 years.  During the post-crisis period, London prices experienced the strongest recovery among all regions even though London prices grew at a slower rate than prices in the rest of the UK did in the five years leading up to the recession (Chandler and Disney 2014).
  After the crisis, house prices recovered quicker in Southern and Eastern England, but more slowly in northern England and Wales.  Given the variations in the effects of the crisis and post-crisis recovery on the housing market across different parts of England and Wales, it is of empirical interest to conduct this study.  
The format and structure of the paper is as follows: Demand for housing section provides a discussion of the housing demand in England and Wales.  The data and the economic policy uncertainty index are described in the next section.  ARDL approach and Results section includes a discussion of the ARDL method and results, and the conclusion and implications are presented in the last section.

Demand for Housing

As stated above, the standard ‘demand for house’ model does not include economic uncertainty.
According to Andrikopoulos and Brox (1984), the theoretical formulation of housing demand in general and its proper specification and empirical verification in particular are in doubt.  Much of the controversy rests on the signs, magnitudes and derived implications of the various estimated elasticities, and on the theoretical specification of housing demand.  A modified inverted demand model for housing that includes economic policy uncertainty can be stated as

            log(HPt) =  α0 +  α1log(Yt)  +  α2log(Rt)  +  α3(EPUt)  +  +  ξt ,        

 (2)

where HP is house prices, Y is real income, R is real interest rate, EPU is the measure of the economic policy uncertainty, and ξt is a random error term with a zero mean and a constant variance.  According to Cameron et al. (2006), the house price equation is derived from the demand for housing services by inverting and rearranging the demand equation, so that the dependent variable is house prices as opposed to the quality of housing services or stock.  Further, according to Cameron et al. (2006), inverted demand function for housing demand is the most common form of estimated house price equation in the literature.  Muellbauer and Murphy (2008) state that one of the main advantages of the inverted demand function approach is that it is well grounded theoretically; unlike many other approaches.
  Case and Shiller (2003) claim that the most important factors in determining house prices are household income and a measure of interest rate.  Drake (1993), Meen (1995) and Ashworth and Parker (1997) also promote a more parsimonious specification of the housing price model with fewer variables.  Clearly a complete model should include all determinants of the dependent variable, but this was not possible in this paper since data on all variables are not available for every region.
  Thus, to cover all regions of England and Wales and to increase the degree of freedom, we apply equation (2) in this paper.  Bahmani-Oskooee and Ghodsi (2017) apply equation (2) in their study of the US house prices and the economic policy uncertainty.     
House demand and prices are assumed to vary positively with real income and negatively with the real interest rates.  Increase in income may affect the housing demand in several ways (Roistacher 1977).  Most importantly, with the additional income, economic agents could upgrade their current dwelling or move to a new dwelling.
  Real interest rates represent the real cost of borrowing, and the real rate is a crucial element in investment, saving and consumption decisions.  Real interest rates affect housing consumption both directly and indirectly.
  For homeowners and potential buyers, an increase in interest rates directly increases the immediate and future payments of interest on a mortgage.  This reduces the household disposable income net of mortgage interest payments, which might lead to lower current and future consumer spending.
  Indirectly, an increase in real interest rates reduces demand for housing, leading to lower house prices, which in turn reduces housing wealth of economic agents and current consumption.
 Rising interest rate may also affect the supply of houses because if demand falls because of an increase in interest rates, the price of the stock decreases and so the producer supplies less (Kau and Keenan 1981). As discussed above, the effect of the uncertainty should be negative.
  Thus, expected signs on the coefficients from equation (1) are α1< 0, α2> 0, and α3< 0, respectively.
  
As well as considering the overall volume of demand, it is important to consider where demand is likely to be greatest to identify gaps in supply.  Long-standing inequalities between the regions of England have resulted in different patterns of housing demand and prices (Schmuecker 2011).  According to Schmuecker (2011), in terms of demand relative to supply, the scale of the challenge in England is apparent.
  During the last few years, the largest increase in housing demand was experienced in the East of England region and smallest growth was experienced by the North West and the North East regions.  The problem is particularly acute in London, the South East, the East, the South West, and Yorkshire and Humber, where the growth in demand has been high during the post-crisis period.  According to Ball et al. (2009), planning delays may be an important cause of the slow supply responsiveness of housing in England, particularly in the southern part of the country.
  They further state that the slowness of the supply response is compounded by the uncertainty inherent in the UK planning approval process.  This variation in the demand for housing and house prices across different regions adds to the importance of this study.  Regions under study are East Anglia (EA), East Midland (EM), West Midland (WM), London (LON), North East (NE), North West (NW), South East (SE), South West (SW), Yorkshire and the Humber (YH), and Wales (WA).  Thus, a total of 10 geographical regions are empirically investigated. Figure 1 below shows the map of the UK with the different geographical locations of the regions.
  
FIGURE 1 HERE
Data and the Economic Policy Uncertainty (EPU) Measurement 

Quarterly data from the first quarter of 1975 (Q1) to the fourth quarter of 2017 (Q4) are employed. Total house prices for each region were obtained from the Nationwide Building Society website.
   
FIGURE 2 HERE
Figure 2 presents the total house prices from the 10 regions normalized to one at the start. For the sake of clarity, the 10 series are presented as two figures, consisting of five graphs each.  Similar patterns of price movement across the regions with numbers of upwards and downwards swings are clearly shown.  All prices increased during the pre-crisis period (before mid-2007) and then declined during the height of the crisis period (mid-2007 to 2010).  The prices surged dramatically during the late 1980s because of low interest rates, removal of credit and exchange control of prudential regulations (Yusupova et al. 2017). According to Clark et al. (2010), the UK house-price bubble ended mid-2007 with the start of the US subprime credit crisis which triggered a global financial crisis.  During the post-crisis period, the growth in house prices has been steep, particularly in the London area.  The pre-crisis price levels were reached during the post-crisis period after a few years.
TABLE 1 HERE

Table 1 presents the quarterly rate of change in the prices of total houses for all regions during three periods; the total sample period, the pre-crisis period, and the crisis plus post-crisis period.
  The prices show a substantial drop from the pre-crisis period to the crisis plus post-crisis period.  Prices in all regions sharply decline between the two periods.  As expected, the London region shows the highest jump in prices during both periods.  The Southern part of the country – i.e. South East, South West and London – shows the largest change in all periods.  These statistics support the timeline portrayed by figure 2.   
Regional income data are obtained from the Office for National Statistics website.
 Regional income data depend upon two sources.  From 1975 to 1997, New Earnings Survey (NES) is the source of the regional earning and income data, and after 1997, the data are derived from the Annual Survey of Earnings and Hours (ASHE).   While ASHE was first run in 2004, NES data have been used to create estimates for 1997 to 2003 comparable to those estimated on ASHE (ONS 2017).  ASHE information relates to gross pay before taxes, National Insurance (NI) or other deductions, and excludes payments in kind.  ASHE is based on a one-per-cent sample of employee jobs taken from HM Revenue and Customs Pay As You Earn (PAYE) records.
 Compared to NES, ASHE results are weighted to the number of jobs given by the labor force survey; imputes for item non-response; and the coverage is greater (ONS, 2017).   These are annual surveys that only provide annual data.  For this paper the annual data were interpolated to quarterly data and deflated by the CPI.  Figure 3 presents the quarterly regional real income data normalized to one at the start for all 10 regions.  Again, for clarity, the 10 series are presented in two separate figures, consisting of five graphs each.  Once again London presents the highest growth in real income.  As expected, the real income of all regions shows consistent growth until the 2007-2010 crisis.  Real income fell across the regions during the crisis period and after; however, in the last few years there seems to be an increase in real income and then a further drop.  
FIGURE 3 HERE
The measures of economic uncertainty have been researched time and again. Historically, economic uncertainty was proxied by various political indicators such as uncertainty surrounding elections or legislative aftermaths, and by econometrical measures such as stock market volatility, VIX, and others. Recently, Baker et al. (2016) proposed an index, which is calculated based on various components that contain information about the economic policy. They build indices of policy-related economic uncertainty based on newspaper coverage frequency (Baker et al. 2016).
 Higgs (1997) defines policy uncertainty as the inability of investors to forecast change in their investment value regarding the future government decisions such as fiscal and tax regimes.  The indices proposed by Baker et al. (2016) aim to capture uncertainty about who will make economic policy decisions, what economic policy actions will be undertaken and when, and the economic effects of policy action or non-action.  The uncertainty index has been constructed from three types of underlying component: 1) newspaper coverage of economic uncertainty related to policy; 2) number of federal tax code provisions set to expire in future years; and 3) disagreement among economic forecasters.  Thus, this measure is based on searching news that covers economic policy uncertainty issues from high-circulation newspapers in the UK.  The UK newspapers employed are the Times of London and the Financial Times using the Access World News Newsbank service.  Baker et al. (2016) first obtain a monthly count of articles that contain a triple of terms referring to the economy, policy and uncertainty.  The raw counts of articles are scaled by the total number of articles per month in the same newspaper.  Each monthly newspaper-level series is standardized to unit standard deviation and then averaged across the papers by month.  Finally, the two-paper series are normalized to a mean of 100.  The measure they provide captures both short-term and long-term concerns as reflected in newspaper articles. To address concerns regarding newspaper reliability, accuracy, bias and consistency, Baker et al. (2016) show a strong relationship between their measure of economic policy uncertainty (EPU) and other measures of economic uncertainty – for example, implied stock market volatility.  They also find very similar movements in the EPU indices based on right-leaning and left-leaning newspapers, suggesting that political slant does not seriously distort their EPU index.
 The EPU index is obtained from the Economic Policy Uncertainty website.

FIGURE 4 HERE 
Figure 4 presents the log of quarterly economic policy uncertainty index.
  The sudden and large increase in the uncertainty is clearly visible since the Brexit referendum (June 2016).  The spike during 2001-2003 is probably due to the September 11 terrorist attack and the wars in Afghanistan and Iraq.
  There is a consistent rise in the EPU index since the start of the global financial crisis in mid-2007; it is also worth noting the consistent decline in the index during the post-crisis period until the Brexit referendum.  Given the consistent upward and downward movements and the spikes in the EPU, it is of empirical interest to study the effects of EPU on house prices of different regions of the UK.  
In this paper, I use real rates rather than nominal rates since the real cost of borrowing is better reflected by the real interest rates.  The nominal interest rate applied is the Nationwide base mortgage middle rate. The interest rate data are also obtained from the Office of National Statistics website.  The ex-ante real rates are based on the Fisher equation (Fisher 1930),
RRt  = NRt  -  E(Πt),                                


(3)


            
where RR is the real rate, NR is the nominal rate, and E(Π) is the expected inflation. Since the ex-ante real rate is not observable, we make some identifying assumptions based on Huizinga and Mishkin (1986).  These include the fact that the expectations of inflation are formed rationally and that the real interest rates can be reasonably approximated by linear projection on to an observable information set.

FIGURE 5 HERE

Figure 5 shows the log of real rates of interest.  The downward trend is very clear, and this is particularly true since the start of the global financial crisis. 
ARDL Approach and Results
Demand for housing (equation (1)) is estimated by means of the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration introduced by Pesaran et al. (2001).    Compared to other cointegration methods, an advantage of the ARDL approach is that it allows for the inclusion of a mix of I(0) and I(1) variables in the cointegration relationship in a small sample size (Nkoro and Uko 2016).
  Since the approach allows for a mix of I(0) and I(1) variables, there is no need to test for the stochastic structure of each variable before the cointegration tests.  Further, endogeneity is less of a problem in the ARDL method because it is free of residual correlation – i.e. all variables are assumed endogenous – but the major advantage of this approach lies in its identification of the cointegrating vectors where there are multiple cointegrating vectors (Nkoro and Uko 2016). According to Laurenceson and Chai (2003), this approach takes a sufficient number of lags to capture the data-generating process in a general-to-specific modelling framework.  The analysis of the error corrections and autoregressive lags fully covers both the long-run and short-run relationships of the variables tested.  The error correction of the ARDL model for equation (1) is given by
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  +   γ1log(HPt-1)  +  γ2log(Yt-1)  +  γ3log(Rt-1)  +     γ4log(EPUt-1)  +  μt ,       

(4)
where ki is the length of lags applied and μt is the random error term with a zero mean and constant variance.  The null hypothesis of no cointegration, as defined by the hypothesis H0: γj = 0, for all j (j = 1, 2, 3, and 4), is tested against the alternative hypothesis by means of the F-test.  The asymptotic distribution of the F-statistic is non-standard, irrespective of whether the variables are I(0) or I(1).  Instead of the conventional critical values, this test involves two asymptotic critical value bounds, depending on whether the variables are I(0) or I(1), or a mixture of both.  If the estimated F-statistic is greater than the upper-bound critical value, then the null of no cointegration is rejected, regardless of the order of integration of the variables involved.  If it is less than the lower-bound value, then the null cannot be rejected.  If it lies between the bounds, inference is inconclusive.  In a long-run equilibrium, all the short-run differenced terms will be zero, leaving only the long-run terms.  Thus, long-run effects are produced by using the estimates of γ2, γ3, and γ4 which are normalized by the estimate of γ1.  These long-run estimates are, however, meaningful only if the lagged-level variables are jointly significantly different from zero (that is, cointegrated).
  

Normalization of the coefficients is done by setting the estimate of the error-correction component of equation (4) equal to zero first;
 γ1*log(HPt-1) + γ2*log(Yt-1) + γ3*log(Rt-1) +  γ4*log(EPUt-1) = 0,      (5)


 
where γj* are the estimated values of γj and normalized coefficients in equation (6) are achieved by normalizing by using the estimate of γ1 from equation (5):

log(HPt-1) = -(γ2*/ γ1*)log(Yt-1) + -(γ3*/ γ1*)log(Rt-1) + -(γ4*/ γ1*)log(EPUt-1).    (6)

 

TABLE 2 HERE

Table 2 presents the estimates of equation (4) for all regions.  Initially, the order of lags on the first differenced variables in equation (4) was obtained from unrestricted VAR by means of the Akaike Information Criterion (AIC) and the Schwarz Bayesian Criterion (SBC).  Both tests indicate optimal lag level up to six in a large majority of the tests.  For brevity, these results are not presented here, but are available on request.  Results in table 2 are presented in three parts.  Part A presents the short-run coefficients estimates of only exogenous variables. Normalized long-run coefficients are presented in panel B.  Long-run coefficients are only presented if cointegration is confirmed by the F-test.  Panel C includes the diagnostic statistics.  The F statistics provided in panel C show the test for cointegration between the variables in equation 2.  Given the upper-bound critical value of 4.216 (5% level)
 the F-statistics is significant in nine of the regions supporting cointegration between house prices and its determinants including economic policy uncertainty.
  These results basically provide evidence against the rational bubble hypothesis in the UK housing market.  Rational house price bubbles emerge when property prices are determined by both the economic fundamentals and expectation of gains from future price increases (Yusupova et al. 2017).  North East being the only region where no evidence of cointegration is found.  The F-statistics for the North East lie in the inconclusive range.
    
The short-run coefficients (panel A) fail to provide much evidence of short-run causality from real income or real interest rates to house prices.  Real income shows no effect in the short run on any of the 10 house prices.  There is ample evidence of short-run causality from economic policy uncertainty (particularly lagged five and six) on all 10 house prices.  These effects are positive.  For half of the regions, the current level of the EPU also imposes a significant, but negative, effect on house prices.  Thus, the current effect of EPU is to lower the house prices but in a period of one year plus EPU tends to increase the prices.  It is possible that, in the longer term, with consistent uncertainty in the economy, economic agents may see investment in houses as a substitute to investment in other assets. This may explain the positive effect of EPU on house prices at five to six lags.  Although some minor differences in the short-run estimates do exist across the regions but, overall, the results are very similar.  Panel B presents the long-run coefficients.  Given the lack of the effect imposed in the short run by real income and real interest rates, long-run effect should provide further insight into the relationship between real income, real interest, and house prices.  The interesting component of the long-run coefficients is the differences found across the regions.  In all nine cointegrating relationships, real interest rates impose a significant negative effect.  In absolute value, the sizes of the interest rate elasticities are greater than unity in most cases with the London area showing the largest effect.  In absolute value, the Southern part of the country shows higher interest rate elasticities.    Using quarterly data for the period 1981-1992, Ashworth and Parker (1997) provide small-size interest rate elasticities for different regions in the UK.  Cameron et al. (2006) also provide low interest rate elasticities in their study. 
  The income coefficient is positive in all tests but not significant across the regions.  The similarity between the income elasticities across the regions is striking and this may be explained by the similar movement over time of the ten-different regional real incomes as shown by the figures presented above.  The income elasticity is insignificant in the cases of East Anglia and the West Midlands.  Size of the significant elasticities is less than one indicating a small-size effect of regional real income on house prices.  The largest coefficient size of 0.5 is found in the case of the South West. Ashworth and Parke (1997) provide large-size income elasticities in their study but they apply the national GDP and not regional incomes.  However, less- than-unity income elasticities are also show by Cameron (2006) and Yusupova et al. (2017).
  All the long-run effects imposed by economic policy uncertainty are negative and significant.
  In absolute value, the size of the EPU coefficients ranges from 0.010 to 1.50, with the  South West showing the highest and Wales the lowest coefficients.
  For example, a one-per-cent jump in EPU reduces house prices in the South West by 1.5%. Similar to interest rates, EPU has the largest influence on the Southern part of the country.  According to Ashworth and Parker (1997), the larger effect on the South may not be surprising given the prominent role of these regions in the UK housing market.  MacDonald and Taylor (1993) and Alexander and Barrow (1994) demonstrate the tendency of house price shocks emanating from the southern regions to spread out northward.  Both the short-run and long-run significant effects of EPU clearly emphasize the importance of EPU in modelling housings prices and demand.  
In a cointegrating relationship, it is of interest to see whether variables are adjusting towards their long-run equilibrium values and, if so, at what speed.  The error-correction (EC) term is calculated based on the normalized long-run coefficients from equation (6).  Equation (4) is re-estimated by replacing the lagged levels variables by ECt-1 and is estimated with the optimum lags as used in panel A.  The disequilibrium adjustment of each variable towards its long-run equilibrium value is then captured by the error correction term, ECt-1, with the coefficient of this term in each individual equation depending on the speed of adjustment of the variable towards its long-run equilibrium value. If this coefficient is insignificant, then the dependent variable does not adjust to correct for departures from equilibrium.  Significance of the error term implies that overlooking the cointegration relationship between the variables would have introduced misspecification in the underlying dynamic structure (Arize et al. 2000).  The coefficient on the error correction term is significant in all tests except London and Yorkshire; in the significant cases the coefficients are negative as expected.  The highest speed of adjustment is found in the case of the North West, where 2.4% of the adjustment towards the long-run equilibrium takes place per quarter.  The slowest speed is found for the South East (1% per quarter).  Ashworth and Parker (1997) show higher speed of adjustment in their study.
 
 I further apply the CUSUM and CUSUMSQ tests proposed by Brown et al. (1975) to the residuals to test for the stability of both the short-run and long-run coefficient estimates.   If the plots of CUSUM or CUSUMSQ stay within the 5% significance level, then the coefficients estimates are said to be stable.  Both tests support stability of both short-run and long-run coefficient estimates.  In panel C “S” signifies stable coefficients and unstable ones are signified by “U”.  All coefficients are found to be stable in all tests.  The sizes of the adjusted R2 are high and quite satisfactory.  The remaining diagnostics are also quite satisfactory and add to my confidence in the overall results.
  Conclusion and Implications

This paper empirically investigates the effect of economic policy uncertainty on housing prices across 10 different geographical regions of England and Wales during 1975-2017.  Regions under study are East Anglia, East Midland, West Midland, London, North East, North West, South East, South West, Yorkshire and the Humber, Wales.  Recent years have seen a revival in studies investigating the effect of economic uncertainty on the economy and volatilities but the number of studies investigating the effect of economic uncertainty on the housing market is very limited.  This is particularly true for the UK housing market.    To the best of my knowledge, this paper is first paper to empirically investigate the effect of economic uncertainty on regional housing prices of England and Wales.  As cautioned by past research, ignoring the uncertainty can lead to incorrect estimation of the housing demand and household behaviour.  Economic uncertainty can affect housing markets from both the demand side and the supply side.  Increased uncertainty about the demand for housing or the cost of financing can cause real-estate developers to postpone new construction, thus reducing supply.  Further, increased uncertainty about future income might cause households to postpone the home-buying decision.  Lenders might also reduce or deny mortgages to riskier borrowers during periods of enhanced economic uncertainty.  Thus, combining all effects, an increase in uncertainty can cause a slowdown in demand and prices in the housing markets.  Furthermore, the negative impact of uncertainty on credit and housing markets might be particularly large during and after a financial crisis.  It is an established empirical fact that uncertainty increases during crisis periods.  The sample period applied in this paper includes several business cycles, the recently concluded global financial crisis, and the start of the recent Brexit process.  Economic uncertainty is presented by the economic policy uncertainty (EPU) index.  

  The empirical investigation is conducted by employing the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration. An advantage of the ARDL approach is that it allows for the inclusion of a mix of I(0) and I(1) variables in the cointegration relationship. The ARDL approach also has the advantage of tackling small-sample problems.  The cointegration test shows a significant long-run relationship between house prices and its determinants including economic policy uncertainty in nine of the 10 regions.   These results may refute the rational bubble hypothesis in the UK housing market, with the North East being the only region where no evidence of cointegration is found.  In all cointegrating relationships, real interest rates impose a significant negative effect.  In absolute value, the sizes of the interest rate elasticities are greater than unity in most cases, and the income elasticities are positive in all tests but not significant across the regions.  Size of the significant income elasticities is less than one indicating a small-size effect of regional real income on house prices.  All the long-run effects imposed by economic policy uncertainty are negative and significant.  EPU affects housing prices across all the regions with the highest effect on the Southern part of the country.  Thus, both the interest elasticities and EPU elasticities vary in size across the regions with the largest effect on the southern regions of the country.  This result may not be surprising given it has been demonstrated in past research that house price shocks emanating from the southern regions to spread out northward.  The speed of adjustment towards the long-run equilibrium is relatively low per quarter for most cases.  Results further present very little evidence of short-run causality from real income or real interest rates to house prices.  Real income shows no effect in the short run on any of the 10 house prices.   In the long run across a period of over 40 years (1975-2017) as expected EPU imposes a negative effect on house prices across the regions with potential positive effect during the short term.   There is ample evidence of short-run causality from economic policy uncertainty on all 10 house prices.  Based on the CUSUM and CUSUMSQ tests all coefficients are found to be stable in all tests.
Both the short-run and long-run significant effects of EPU clearly emphases the importance of EPU in modelling house prices and demand.  Given the variations and differences in the findings across the regions requires difference in house prices modelling for each region.  As indicated by Ashworth and Parker (1997) and Meen (1995), significant differences across regions means that aggregate UK data may not be a good indicator and this study’s results support this.   The results also imply that the role of EPU must be considered in any housing policies being considered by the government and any housing investment decisions made by economic agents and suppliers.  This study’s results advocate the need for further research in the topic with different data and methods.    
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Figure 1. Different geographical regions of England and Wales.
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Figure 2. Total house prices.
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Figure 3. Regional real income.
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Figure 4. Log of economic policy uncertainty.
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Figure 5. Real rate of interest.
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Table 1. Quarterly percentage change in total house prices
	Region
	Total Sample
	Pre-crisis
	Crisis plus post-crisis

	East Anglia
	1.79
	2.20
	0.005

	East Midland
	1.74
	2.20
	0.31

	London
	2.08
	2.39
	1.12

	North East
	1.71
	2.27
	-0.006

	North West
	1.60
	2.16
	-0.14

	South East
	1.88
	2.28
	0.65

	South West
	1.82
	2.27
	0.44

	Wales
	1.60
	2.13
	-0.05

	West Midland
	1.69
	2.16
	0.27

	Yorkshire
	1.57
	2.09
	-0.02


Notes:

Pre-crisis period: First quarter 1975 to second quarter 2007.
Crisis plus post-crisis period: Third quarter 2007 to fourth quarter 2017.
Table 2. ARDL estimates

	Variables
	East Anglia
	East Midlands
	London
	North East
	North West

	Panel A: Short-Run Estimates

	DHPt-1
	0.31***(3.1)
	0.44***(3.2)
	0.35***(5.4)
	0.41***(4.8)
	-

	DHPt-2
	0.32*** (4.7)
	0.19*(1.9)
	0.29***(3.5)
	0.32***(4.1)
	0.33***(3.7)

	DHPt-3
	-
	-
	-
	0.24***(3.1)
	0.30***(3.3)

	DHPt-4
	-
	-
	-
	-0.27***(-3.7)
	-0.12(-1.2)

	DHPt-5
	-
	-
	-
	-
	-

	DHPt-6
	-
	-
	-
	-
	-

	DYt-0
	-
	-
	-
	-
	-

	DYt-1
	-
	-
	-
	-
	-

	DYt-2
	-
	-
	-
	-
	-

	DYt-3
	-
	-
	-
	-
	-

	DYt-4
	-
	-
	-
	-
	-

	DYt-5
	-
	-
	-
	-
	-

	DYt-6
	-
	-
	-
	-
	-

	DRt-0
	-
	-
	-
	-
	-

	DRt-1
	-
	-
	-
	-
	-

	DRt-2
	-
	-
	-
	-
	0.04**(2.2)

	DRt-3
	-
	-
	-
	-
	-

	DRt-4
	-
	-
	-
	-
	-

	DRt-5
	-
	-
	-
	-
	-

	DRt-6
	-
	-
	-
	-
	-

	DEPUt-0
	-
	-
	-0.21***(-3.2)
	-0.02***(-2.6)
	-

	DEPUt-1
	-
	-
	-
	-
	-

	DEPUt-2
	-
	-
	-
	-
	-

	DEPUt-3
	-
	-
	-
	-
	-

	DEPUt-4
	-
	-
	-
	-
	-

	DEPUt-5
	0.03*** (3.9)
	0.02***(2.7)
	0.01**(2.2)
	0.02***(2.8)
	0.01(1.6)

	DEPUt-6
	0.02***(3.1)
	-
	0.02**(2.2)
	0.01*(1.9)
	0.02***(2.9)

	Panel B: Long-Run Estimates

	Constant
	11.45***(3.6)
	10.20***(3.4)
	17.58***(5.4)
	-
	7.23**(2.5)

	LY
	0.06(0.10)
	0.16(0.2)
	0.28(0.6)
	-
	0.33(0.5)

	LR
	-1.36***(-3.4)
	-1.26***(-3.7)
	-2.20***(5.4)
	-
	-0.87***(-2.7)

	LEPU
	-1.31***(4.3)
	-0.77***(3.6)
	-1.36***(4.8)
	-
	-0.53**(-2.4)

	Panel C: Diagnostic Statistics

	QS(QS2)
	S
	S
	S
	S
	S

	F-test
	5.889**
	5.551**
	8.842**
	3.614
	5.86**

	ECt-1
	-0.02***(-4.3)
	-0.02***(-4.5)
	-0.00(-1.8)
	-
	-0.02***(-4.3)

	L-B(12)
	13.70
	13.26
	11.18
	5.21
	6.48

	Adj R2
	0.52
	0.49
	0.51
	0.59
	0.31

	Reset
	1.54
	2.15
	0.19
	2.89
	2.01

	ARCH (3)
	4.97
	0.12
	0.38
	0.06
	1.14

	SSE
	0.023
	0.071
	0.022
	0.018
	0.027


Note: L-B(12) = Ljung-Box Q statistics; Reset = Reset linearity test; SSE =  Standard error of estimate

***, ** & * imply significance at 1%, 5% & 10% respectively. t-statistics in the parentheses. 

Critical Values of Case III: Unrestricted intercept and no trend (Pesaran et al. 2001)

                                   I(0)              I(1)

5%                          3.010            4.216

Table 2 continued.
	Variables
	South East
	Wales
	West Midlands
	Yorkshire
	South West 

	Panel A: Short-Run Estimates

	DHPt-1
	0.51***(5.2)
	0.23*(2.0)
	0.52***(4.3)
	0.40***(3.6)
	0.60***(6.9)

	DHPt-2
	0.27***(2.8)
	0.34***(4.5)
	0.14*(1.9)
	0.23**(2.2)
	-

	DHPt-3
	-0.05(-0.5)
	-
	-
	-
	-

	DHPt-4
	-0.22***(-2.7)
	-
	-
	-
	-

	DHPt-5
	0.12(1.6)
	-
	-
	-
	-

	DHPt-6
	-
	-
	-
	-
	-

	DYt-0
	-
	-
	-
	-
	-

	DYt-1
	-
	-
	-
	-
	-

	DYt-2
	-
	-
	-
	-
	-

	DYt-3
	-
	-
	-
	-
	-

	DYt-4
	-
	-
	-
	-
	-

	DYt-5
	-
	-
	-
	-
	-

	DYt-6
	-
	-
	-
	-
	-

	DRt-0
	-
	-
	-
	-
	-

	DRt-1
	-
	-
	-
	-
	-

	DRt-2
	-
	-
	-
	-
	-

	DRt-3
	-
	-
	-
	-
	-

	DRt-4
	-
	-
	-
	-
	-

	DRt-5
	-
	-
	-
	-
	-

	DRt-6
	-
	-
	-
	-
	-

	DEPUt-0
	-0.02***(-3.6)
	-
	-0.01**(-2.1)
	-
	-0.02***(-4.1)

	DEPUt-1
	-
	-
	-
	-
	-

	DEPUt-2
	-
	-
	-
	-
	-

	DEPUt-3
	-
	-
	-
	-
	-

	DEPUt-4
	-
	-
	-
	-
	0.01**(2.1)

	DEPUt-5
	0.02***(2.7)
	-
	0.01**(2.4)
	-
	0.01**(2.2)

	DEPUt-6
	0.02***(2.6)
	-
	0.01**(2.1)
	0.0*(1.8)
	0.02***(3.5)

	Panel B: Long-Run Estimates

	Constant
	11.55***(3.6)
	8.50***(2.6)
	10.90***(3.4)
	9.11**(2.3)
	19.45***(4.3)

	LY
	0.30** (2.6)
	0.23***(2.4)
	0.12(0.2)
	0.18*(1.9)
	0.50***(2.5)

	LR
	-1.99***(4.5)
	-1.07***(3.1)
	-1.31***(3.8)
	-1.07***(2.6)
	-2.15***(-3.9)

	LEPU
	-1.31***(4.3)
	-0.01**(2.3)
	-0.86***(4.1)
	-0.67**(2.1)
	-1.50***(4.2)

	Panel C: Diagnostic Statistics

	QS(QS2)
	S
	S
	S
	S
	S

	F-test
	7.209**
	4.388**
	6.080**
	4.285**
	6.803**

	ECt-1
	-0.01*(-3.6)
	-0.02***(-4.1)
	-0.017***(-4.8)
	-0.020(2.13)
	-0.013***(-4.2)

	L-B(12)
	13.80
	13.96
	13.26
	14.64
	15.32

	Adj R2
	0.68
	0.33
	0.54
	0.44
	0.61

	Reset
	0.36
	3.50***
	2.45
	0.60
	0.42

	ARCH (3)
	0.59
	0.12
	0.38
	0.27
	0.01

	SSE
	0.017
	4.863
	0.285
	0.023
	0.018


Note: L-B(12) = Ljung-Box Q statistics; Reset = Reset linearity test; SSE =  Standard error of estimate

a, b & c imply significance at 1%, 5% & 10% respectively. t-statistics in the parentheses. 

Critical Values of Case III: Unrestricted intercept and no trend (Pesaran et al. 2001)

                                   I(0)              I(1)

5%                          3.010            4.216
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� Knight (1921) distinguished between risk and uncertainty.  According to Knight, risk applies to situations where we do not know the outcome of a given situation but can accurately measure the odds. Uncertainty, on the other hand, applies to situations where we cannot know all the information we need to set accurate odds in the first place.





� Some of the papers that study UK regional house prices are Muellbauer and Murphy (1994), Ashworth and Parker (1997), Cameron et al. (2006), Muellbauer and Murphy (2008), and Yusupova et al. (2017), etc.  None of these papers however studies the influence of economic uncertainty on housing prices.  Ashworth and Parker (1997), Meen and Andrews (1998), Muellbauer and Murphy (2008) and Yusupova et al. (2017) provide a good literature review on UK regional housing studies.





� Bahmani-Oskooee and Ghodsi (2017) study the impact of economic policy uncertainty on house prices in different states of the USA.  El-Montasser et al. (2016) provide a study of causality between cross country house prices and economic policy uncertainty.  Aye et al. (2017) study the effect of economic policy uncertainty on the housing market cycle of 12 OECD countries.   


� According to Bloom (2014, 2017) the negative impact of uncertainty on GDP primarily comes via the investment channel, with a limited consumption boost.


� Muellbauer and Murphy (2008) claim that since housing is durable good, inter-temporal considerations imply that expected or permanent income and user cost should be important drivers of house prices and demand.





� In countries where mortgage interest and property tax are deductible from income tax, user cost is equal to


uc = δ + γ +(1 – θ)( i + μ) – Π, where θ is the marginal income tax rate.


� According to Martin (2011) it is generally agreed that start and proximate of the global financial crisis was the bursting of the housing bubble in the USA around mid-2007.  Brexit is the process of UK withdrawing from the European Union.  The Brexit referendum in the UK was held on 23 June 2016.  





� Over the decade before the start of the crisis, house owners in the UK saw their homes double or triple in price (Clark et al. 2010).





� Holly et al. (2011) show that house prices within each region of the UK respond directly to a shock to London and in turn the shock is amplified both by the internal dynamics of each region and by interactions with contiguous regions.  Cohen and Zabel (2018) provide evidence of local house price diffusion in the Boston area.   





�There are two approaches to estimating the equilibrium housing demand (Ihlanfeldt 1981).  The first approach is the conventional model based on the assumption that households continuously consume their temporal equilibrium housing service.  The second approach restricts the sample to households that have recently moved.





� According to Muellbauer and Murphy (2008), application of the inverse demand function has a long history. 





� Cameron et al. (2006) and Muelbauer and Murphy (2008) provide a detailed analysis of the inverted housing demand function.





� Bork and Moller (2018) using data from the US show that house prediction growth depends upon macroeconomic activity and are conditional on a large set of potential predictors.  Using data from the UK Braakmann (2016) show very little effect of immigration on mean property prices.





� In time series tests, Meen (2001) and Meen and Andrews (1998) indicate that the income elasticity should be in the region of one.





�According to Kau and Keenan (1981), the increase in interest rate reduces the desired present consumption of housing but increases the desired future consumption.  If future consumption comes from present purchases, there may be opposing effects of increasing interest rates on housing demand.





�The direct effect consists of the substitution effect and the income effect.  Based on the substitution effect, a rise in the real interest rates increases the return on saving, making it more worthwhile relative to current spending, and so current household consumption is likely to fall.  According to the income effect, households pay interest on the majority of their debts and receive interest income on a proportion of their assets.  Changes in interest rates might therefore have a short-term impact on household consumption by changing the amount of disposable income available for current spending.





�Balvers and Szerb (2000) show that households that are not liquidity-constrained consume housing services essentially as the life cycle hypothesis suggests but with a significant precautionary component.  Households that are liquidity-constrained are similar to the unconstrained ones, but they respond somewhat less to fluctuations in their lifetime income.





� As stated earlier, it is also possible that the effect of EPU on house prices may be positive.  If an increase in uncertainty induces the economic agents to adjust their portfolio toward safer real assets like housing, then α3 could be positive.





�Mayo (1981) and Harmon (1988) provide surveys of the price and income elasticities for the US housing demand.  The bulk of the studies show the income elasticity to be less than unity.  





�Some of the variation is due to the differing population sizes. Glaeser et al. (2006) show a positive correlation between population growth and housing supplies in US cities.  





� Ball et al. (2009) state that the UK has strict planning regulations in the allocation of land to housebuilding and in the mechanisms for granting of permission to build.


 


� This paper does not study Scotland.  





� � HYPERLINK "http://www.nationwide.co.uk/about/house-price-index/download-data" �www.nationwide.co.uk/about/house-price-index/download-data�.  Details of the methodology used to construct regional house price indices are available from the Nationwide web page.


� Total Period: Q1 1975 – Q4 2017, pre-crisis period Q1 1975 – Q2 2007 and crisis plus post-crisis period, Q3 2007 –Q4 2017.





� � HYPERLINK "http://www.ons.gov.uk" �www.ons.gov.uk�.  I thank one of the referees for pointing out the sources of the regional earning/income data.  





� ASHE does not cover the self-employed or employees not paid during the reference period.  


� Baker et al. (2016) provide economic policy uncertainty indices for several countries including the UK.





� Further credibility of the index is offered by commercial data providers such as Bloomberg, Reuters, and FRED, among others, that apply and carry these EPU indices.  





� � HYPERLINK "http://www.policyuncertainty.com" �www.policyuncertainty.com�





� Monthly EPU data were interpolated to quarterly data.





�  The UK was heavily involved in both conflicts.





�Rational expectation implies that inflation forecast errors are not predictable given any information available at time t.





�Although the Johansen method can also be applied with a mixture of I(0) and I(1) variables, Rahbek and Mosconi (1999) suggest that including a I(0) series in a VECM can produce nuisance parameters in the asymptotic distribution of the trace for the cointegration rank.





�As shown by Bahmani-Oskooee and Goswami (2003) the order of VAR (equation (4)) makes the estimation of the F-statistics sensitive.  Equation (4) was estimated three more times with the other variables as the dependent variable in search of other possible long-run relationships. Results indicate only one plausible long-run relationship with housing prices as the dependent variable.  The ARDL approach is only valid if the lagged levels of the housing prices do not enter the equation for the remaining variables.  





� Critical values are obtained from Pesaran et al. (2001).





� Yusupova et al. (2017) fail to find cointegration in their study. They do not apply uncertainty variables in their investigation.  





� We further test for cointegration for the North East by the ECM test proposed by Banerjee et al. (1998).  The coefficient on the lagged dependent variable North East house prices in equation (2) is found to be insignificant based on the critical values provided by Banerjee et al. (1998).  This result further evinces lack of cointegration for the North East.  I thank one of the referees for pointing out this particular test.  





� Bahmani-Oskooee and Ghodsi (2017) also provide very weak effect of interest rates on US states’ housing prices.


 


� Bahmani-Oskooee and Ghodsi’s (2017) results also indicate that, for most of the US states, income elasticities are less than one.  





� Thus, investors do not consider investment in housing as a substitute for more sensitive assets.





� Bahmani-Oskooee and Ghodsi’s (2017) results show small-size coefficients on the EPU for US states.  


� Bahmani-Oskooee and Ghodsi (2017) also present slow speed of adjustment for different US states.  
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