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Abstract

This sudy investigates the amenity vaue of dimeate to British households By using the
hedonic price gpproach, the margind willingnessto pay for smal changesin dimate

variadbles, specified as averages and ranges, is derived. The etimates suggest thet British
people would typicaly prefer agreater distribution of precipitation across the seasons (i.e.
holding annud precipitation constant, drier summers and wetter winters are preferred). Higher
temperature ranges are likely to reduce welfare. Moderate globa warming with warmer
winters and drier summers might thus benefit British households. In particular we find thet
those places with little or average range in rainfal like Nottingham and those with a huge
range of annua temperature like the Boroughs of London might profit. Places aready
characterized by abroad range of annud precipitation like Aberdare in Mid Glamorgan on the
other hand would mogt likdly lose from dimate change.
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1 Introduction

Little attention has been drawn to dimate as an important input to household activities.
Research work on the economic consequences of dimeate change has generdly focused on
changesin productivity in sectors where climate plays an important role, comparing the costs
of preventing climate change to the benefits (IPCC, 1998; and more recently IPCC, 2001).
Measurement of the vaue of dimate not only to economic sectors but dso to individuds
would provide some vauable information when designing an appropriate abatement Strategy.
This paper uses the hedonic price gpproach, one of the methods to measure non-market
benefits, to estimate the amenity vaue of dimate to households in Greet Britain.

Economic theory datesthat perfectly mobile individuas would locate where they can
maximize thar net benefits and living in dimaticdly different regions means consuming
different types of goods supported by the respective climate. Snce people are atracted to
those regions offering preferred combinations of amenities, these regions should have both
compensating house price and wage differentias. If a household wishesto enjoy eg. fewer
rainy days or more hours of sunshine, it will have to buy ahousein such an areaand pay a
premium for it. Consequently, Rosen (1974) and Roback (1982), chief proponents of the
hedonic price goproach argue that the value of margind changes of amenities can then be
derived from property price and wage regressons. Sill, to obtain sgnificant estimeates for
dimate as an amenity, sufficient variaion of the dimate variablesis essentid. Varying
topographica and geographica characteridtics of the region under consderation are
prerequistes Since Britain's dimate is heavily influenced not only by its topogrgphical and
geographica characterigtics but aso by the Atlantic ocean, this country can be used to andlyse
house price and wage differences.

In Great Britain, the sunniest parts are dong the Southern coast of England. Wdes and
Scotland are in generd doudier because of the hilly nature of the areaand the proximity to
the Atlantic. Rainfdl varieswiddy over Greet Britain. The wettest parts with an average
annud rainfal exceeding 2,000 mm are the Lake Didrict, the Western Highlands of Scotland,
the mountain areas of Showdonia and the Brecon Beacons. The coastd area of Wales, the
East coast of Scotland, East Anglia, much of the Midlands, Eastern and North-Eastern
England aswdll as parts of the South East receive less than 1,000 mm ayear. In South East
England rainfal is close to 500 mm per year. Over Greet Britain the mean annua temperature
varies from about 7°C on the Shetland Idands to 11°C near the coast of Cornwall.

Although the number of studies using the hedonic gpproach for environmenta vauation
purposss is extremdy limited, one other sudy has investigated the amenity vaue of the
climate of Britain (Maddison, 2001). However, our sudy differsin severa ways. It isthe first
work usng GIS (geographic information systems) derived measures of locd amenitiesina
hedonic analyss of the amenity vaue of diimate. These are mainly distance meesures such as
the proximity to London indicating e.g. the accesshility of certain lesure activities and

aulturd life Also, this study is exceptiond in three moreways. First of dl, attention is drawn

! Other studies using GI'S derived measures for hedonic pricing are e.g. Lake et al. (2000). They derive more
refined information of property characteristics (like walking distances or car travel times) for Scotland. More
recently Bastian et al. (2002) investigated recreational and scenic amenities associated with rural land.



to problems of endogeneity when employing censustract deta. Secondly, not only awide
range of dimate variables and higher-order terms are included, but different specifications of
ciimate variables are d o taken into congderation. Findly, weinvedigate if British
househalds might benfit from dight globa warming.

Section 2 gartswith abrief literature review of sudies of the amenity value of dimate and
continues with a description of the theoretica framework of the hedonic pricing method. Theat
section condudes with some critica remarks concerning the underlying assumptions. In
Section 3 the data employed for the research are discussed. Section 4 reports on the
econometric results of the andlyss. In Section 5 the implicit prices of marging changes of the
climate varigbles on wefare, derived from the hedonic regression, are caculated. To
invedtigate the willingness to pay to avoid dimate change, the implicit prices for future

climate change are evduated for two different dimate change scenarios and three time-dices
in the second part of that section. Section 6 concludes.

2 Valuing Impactsof Climate Change from Market Data: The Hedonic Price Approach
2.1 Hedonic Studies

Inasemind paper, Rosen (1974) described amode of market behaviour in amarket with
differentiated goods. He illustrated how the willingnessto pay for an environmenta
improvement can be derived from the relationship between property prices and their
atributes structura characterigtics, location specifics and the quality of the environment.
Although there are many earlier papers Rosen provided the theoretical underpinning of the
hedonic approach.? Since then the hedoniic gpproach has been widdly applied to etimate the
economic value of non market goods.® However, only very few studies were set out to
meesure the amenity vaue of dimate to individuds. Sill, individuads areinterested in certain
dimates asit makesit possible to consume particular goods:*

Hoch and Drake (1974) were one of the first who andysad the wage paid to three different
categories of workers and climate. A large number of dimeate variables were included, where
summer temperature, annua precipitation and average wind velocity had consderable
explanatory power. Smith (1983) used a‘red wage mode where aregiond cos of living
index was added as a deflator. Among the five dimate varigbles only hours of sunshine,
measured as the mean annud percentage of possible sunshine, was Satigticdly sgnificant.
The effects of dimeate on both wages and house prices was first investigated by Roback
(1982). The dimate variables were specified as totd snowfal, heating degree days, number of
cloudy and dear days. Four different regressons were then conducted to cdculate the implicit

2 Waugh (1929) was the first who provided a systematic analysis of theimpact of quality on the price of a
commodity. Court (1941) improved the analysisof “commodity spectra’ by alowing for marginal analysis.

Other important contributions were provided by Griliches (1971).

3 Anoverview of the hedonic price approach is given in Palmquist (1991) and Freeman (1993).

4 See http://www.findyourspot.com/ e.g. In an online quiz the offered program usesindividual preferenceslike
accessihility of local services, city size, geographic type and climate to find the individual best placeto liveinthe
us.




price of the amenity evauated a& average annud earnings. Her theoretical mode is another
mgjor contribution to the literature on hedonic anadlyss. She was the firsg who argued, thet
across different towns there generaly have to exist compensating wage and house price
differentids. Others drawing upon the work of Roback (1982), but usng more detailed deta
were Blomauidt et al. (1988). They estimated separate hedonic regressons for wages and
housing expendituresto caculate aqudity of lifeindex. Since then some researchers have
andysed the amenity vaue of dimate to households, like Englin (1996), who investigated the
amenity vaue of rainfal on property prices for the period from 1970 to 1981. He found that
households would prefer lessrainfal and a greater seasond varidion. Other Sudiesare
Nordhaus (1996), Cragg and Kahn (1997) and Cragg and Kahn (1999). Nordhaus used
hedonic wage techniques to estimate the impact of an equilibrium CO- doubling on dimate
amenities. The edimates show adisamentiy premium of about 0.17 percent of GDP. Cragg
and Kahn esimated the demand for dimate amenities regarding the determinants of
populaion migraion decisons. Earlier gudies on migration and dimeate are provided by
Graves (1980) and Cushing (1987). Both works are founded on urban economic theory, rather
than welfare theory.

These andyses were mainly conducted for the United States.® Vauation studies for Europe
are much less frequent, dthough their number isincreasing.® Empirical work in Europe has
been mainly prepared using the contingent vauation method, only very few vauation Sudies
meake use of the hedonic price method in generd and hardly any andyssinvestigaesthe
amenity vaue of dimate. One reason for thisimbaance is that contingent vauation

techniques had improved subgtantialy during the 1980s, while hedonic price gpproaches il
had to be worked out (Turner et al ., 1992). Although the theoretical basisfor hedonic andyss
iswell defined by now, the availability of necessary data has an enormous influence on the
design of astudy and makes applicaionsrare - at least in Europe.

The only empirica work for Greet Britain investigeting the amenity value of dimateis
Maddison (2001).” This study is using county level average wage and house price datafor
Great Britain to explain regiond variations in property prices and wage rates. Hiswork is
basad on Roback’ s (1982) theoreticd model. The study uses county averages for 127 different
counties. The wage regression alows for different categories of workers. Other varigbles
describing local services and fiscdl conditions are included, these are e.g. burglary rate, tax

rate, unemployment rate, population dengity and number of railway setions. Climate
vaiables are found to be sgnificant in the house price regresson, but not in the wage

® A database containing detailed information of about 960 environmental valuation studies, including hedonic
price studies, can be found on the internet, see http://www.evri.ec.qc.calEVRI/. These studies are primarly from
North America. Both Environment Canadaand US EPA use this database to guide their policy work.

® Bringing the total number of European studiesto at least 650 at the end of 1999. Although thisisno final
number of studies, it seems reasonably complete. A review of European valuation studies completed until 1992 is
provided by Navrud (1992). A list containing the period 1992 to 1999 isin included in Navrud and VVagnes
(2000). Among the countries that traditionally have performed many valuation studiesis the UK (192) next to
Norway (44) and Sweden (36). In brackets are the number of studies done between 1992 and 1999, see Navrud
and Vagnes (2000).

” Cheshire and Sheppard (1995) were first investigating the demand for housing characteristicsin general in
Britain.




regression. British households regard higher temperature as an amenity and higher
precipitation as a disamenity.

Many earlier gudies, like Maddison (2001), are carried out using data on the leve of large
adminidrative boundaries. Thisis generally causad by data limitations. For Greet Britain deta
are mostly avallable only as aggregeated deta on county level. However, there sesemsto be
evidence thet differences within a county exist which influence location choices not only
between counties, but aso within a county. To obtain the required location specific
information this sudy experiments with GIS derived measures of locd amenities, mainly
distance measures.

2.2 TheMod€

In contragt to the quantity of the supplied environmenta goods like dlimate, whichis
exogenoudy determined and fixed & least a the short run, the market responds to the demand
for environmental goods. The demand is a function of the price of that goodf and the more the
good is dedred the higher isits price. The market cdlears when the margind price for an
additiondl unit of the characteristic equalsits price.® There are at least two markets where
consumers can compete for environmental goods: the housing market and the labour market.
Consumers might pay higher property pricesif the houseislocated in apreferred area. Also,
they might acoept lower wage rates for living in such arees®

Conseguently two hedonic equations have to be estimated which causes anumber of
problems. Asthe functiond form is not determined by theory, the regression andlysis
becomes fairly complex as two equiations need to be specified. ' Also, an extensive collection
of location pecific datais required to control dl important factors on which location choices
are based. These variables must be carefully chosen not only to avoid omitted varigble biases
but s to reduce problems of multicollinearity.

Inthisandyds, wefollow Englin (1996) and gpply asmpler modd. We argue tha the area
under condderation, Gregt Britain, can be divided into smaler geographic areas — labour
market areas. Withi n those areas the locd amenities such as the different dimate varigbles
vary. Consequently, dl adjustment must take place in the housing market since the labour
market cannot adjust. Thisis another difference to Maddison (2001).

8 Aswell asthe price of all other goods and theincome.

® The market is assumed to be competitive. No single consumer hasinfluence on the market price, they are price
takers.

10 The sign of the wage and rent gradient depends on whether the amenity is productive to companies or to
production costs. If acompany’ s production costs are not affected by the amenity the wage gradient is negative
and the rent gradient positive. The sign of the wage gradient is ambiguous, if the amenity is productive. Workers
arethen not forced to accept lower wages. See Roback (1982).

1 However, it is possible to specify just one equation with net household income as dependent variable, see
Maddison and Bigano (forthcoming). In case no individual dataare available (e.g. individual household income),
using this procedure means | eaving out important independent variables (e.g. structura dwelling characteristics).



An aspect which carefully needs to be taken into consideration when applying census tract
datais the problem of endogeneity. In studies using individua price or wage deta, socio-
economic variables like unemployment, population density™, crime rates or local public
sarvicesare exogenoudy determined. Individua house purchases do not have animpact on
these variables. In sudies usng more aggregated data there might exist a bi-causd
relationship between these variables and the dependent variable. Hence they might be
endogenous. In contrast to Maddison (2001), who included these socio-economic variables as
explanatory variables, our sudy consders these variables as being jointly determined with the
house prices. None of these socio-economic variables enters as an explanaory varidble into
the regresson. Ingtead, the GIS derived variables describing accessibility of different location
should contain location specific information thet is not being endogenoudy determined.

Nordhaus (1996) is one of the few sudies that draws atention to g)roblemsof endogeniety. He
explicitly modeled population density as an endogenous varisble ™ Earlier, teinnes and
Fisher (1974) used a structurd Smultaneous equation mode to show thet location of
employment and residence (population density) are Smultaneous dlocations. Drawing upon
Nordhaus, Maddison and Bigano (forthcoming) were thefird to tet for exogendty of this
vaiable. They found population dengty to be exogenous, at least in the short run. In principle,
the assumption of exogeneity is atestable hypothess. However, the required indrumental
vaiablesarein generd difficult to obtain. An exception is Gayer (2000), who applied an
ingrumentd variable estimation to a hedonic andyss. He proved the exigence of a bi-causa
relationship between housing prices and environmentd risk.

Focusing on the case of housing, adwelling can be characterized through a number of
atributes: structural characteristics (age, number of rooms, size etc.), neighbourhood
characterigtics (infragtructure, public services, proximity to metropalis etc.) and
environmentd qudity (ar qudity, water qudity, average temperaure etc.). The actud market
price reflects the sum of the underlying housing characterigtics which might have opposite
directions. The sze of adwdling can be thought of as a postive attribute, whereas ahigh
level of monthly precipitation might reduce the price and be a negetive atribute.

A house may be described by the vector of its related characterigticsi
(D x=(x,X,,....,% ) where i =1,...,3

The margind willingnessto pay (implicit price) for amdl changes of thei-th housing atribute
isfound by differentiating (1) with repect to x; while other attributes are held congant.

12 Asaproxy for pollution levelsor cultural life.

13 He argued that military personnel (as a proxy for population density) are stationed in particular areas for
reasons unaffected by net labour incomes.

14 A list containing all dwelling related characteristics of our study is shown in table 1.



In our modd with different labour markets (z) equation (1) changesto

X =(X1:X 55+ X;;) Where each x; isan element of somez; i =1,...,33, ] =1,...,755

2
and k =1,...,110.

In the above equation i isthe number of housing attributes, | the number of locations and k

represents the different labour markets. The number of observations changes between |abour

markets. See section 3.

2.3 Critical remarks

The hedonic price method is based on anumber of regrictive assumptions. This section
explansthe crudid onesin detall (agenerd overview of critica argumentsis provided by
Pamaquigt, 1991; and Freeman, 1993).

A dating point for dl hedonic Sudiesis the assumption of equilibrium in hedonic markets
wages and rents have adjusted such that individuas are indifferent across locations. Thisaso
indudes perfect information of the atributes of dl dterretive Stes and no transaction costs
(Mder, 1977). However, the extent of any exiding disequilibrium is unlikdly to be corrdlated
with the level of particular amenities, as PAmquist (1991) pointed out. The regression results
will not be biased.

Furthermore, the modd supports the assumption that each household should be able to buy
exactly the amount of dwelling-related characterigticsit wants. If the availability of dwdling-
related characteristics is restricted, households may be located at a corner solution (M&er,
1977). The location of the household is then caused by market condraints. However, this
assumption is reasonable for any study of the amenity vaue of dimate snce dimate varies
smoothly over aregion (Maddison, 2001).

Where mohility between aressiis redtricted, the issue of market segmentation arises.
Consequently, the hedonic price function would not be sable across different regions and the
results would be biased. Thiswasfirg congdered by Strazheim (1974) who suggested a
separate estimate for each area. However, this sudy explicitly modds ssgmented markets.



3 Data Sources

The dataset contains housing data for the year 1993.1° The housing data are provided by
Hdlifax Building Society and contain the average prices of propertiesin 755 different
Posttowns, Metropolitan Areas and Boroughs of London throughout Greet Britain. The deta
are disaggregated in two ways, first by property type (terraced house, semidetached and
detached house, bungalow and flat) and second by the number of bedrooms. 1 The Ordnance
Survey Gazetteer of Greet Britain (1992) was used to determine the grid references and
coordinates of the locations. With the software Maplnfo the coordinates of each location were

mapped.

In afurther gep the cities and towns were assgned to the 127 different locd authorities of
Great Britain. Theinformation about the different local authorities was teken from Focas et
al. (1995). Dueto thelack of housng observetionsfor three regionsin Scotland (Western
Ides, Orkney and Shetland), these local authorities were omitted. Furthermore, those
boroughs of London belonging to Inner London were taken as one authority.” Therefore, the
dataset contains only 110 different loca authorities. The average number of dties and towns
per county is seven. 18

Since no data on wage rates by city or town were available we followed the approach adopted
by Englin (1996), as mentioned above. County dummies for the loca authorities were added
and each of these counties was assumed to represent one labour market. Also, this explores
the possibility of segmented markets, not only Iabour markets. Consequently, no adjusments
can occur on the labour market or any other market. They have to be captured by the housing
market and the related explanatory variadbles Thisdso impliesthat dimeate hasto vary within
one county to possibly explain variation in property prices, which seems nat very likely.
However, our regresson results (section 4) indicate the sgnificance of some dimate

variables

The datafor the climate variables (hours of sunshine, wind speed, rainy days, ground frost
days, precipitation, mean temperature, rdaive humidity and vapour pressure) and datafor the
dtitude were available on a 10km square grid (provided by the Climate Research Unit,
Universty of Eagt Anglia, Norwich). The variables were messured & monthly average vaues
within eech grid cdls for a period from 1961 to 1990. These dimate variables were matched
with the respectivelocation. Table 1 shows the variables induded in the regresson. Therange
of values of these variables, thar means and tandard deviations are presented in table 2.

15 The housing market in 1993 is not characterized by any unusual or extreme incidents. Since the peak in late
1989 house prices fell continuously. In 1993 the prices stabilized and started falling again in early 1996. From
then on the pricesincreased steadily and are now at record levels. See http://www.nationwide.co.uk/hpi/.

16 The dataset contains 17 different structural housing characteristics for each location, see tablel.

17 Containing Camden, Greenwich, Hackney, Hammersmith & Fulham, Haringey, Ilington, Kensington &
Chelsea, Lambeth, Lewisham, Newham, Southwark, Tower Hamlets, Waltham Forest, Wandsworth and
Westminster.

18 The number of cities and towns per county ranges from one for two Boroughs of London and some
Metropolitan areas to the maximum of 32 for Kent.




Table 1: Definition of variablesincluded in theregresson

Variable Deéfinition

HOUSING Purchase price of property in 1993 (in Pounds)

DSEA Distanceto sea (km)

DLONDON Distance to London (km)

DWMTINE Distance to nearest working mine (Km)

DNWMINE Distance to nearest non-working mine (km)

CAPITAL Dummy variable which takes the value unity 1T the property isTocaied in a County
capital, zero otherwise

DCAPITAL Distanceto County capital (km)

DMAJOR Distance to nearest major town (Km)

ABOVESEA Above sealevel, altitude (m)

SUNAV Average hours of sunshine on a 1961-1990 average per year

SUNRG Range of hours of sunshine on a 1961-1990 average per year

WINDAV Average wind speed (m/s) on a 1961-1990 average per year

WINDRG Range of wind speed (m/s) on a1961-1990 average per year

PREAV Average precipitaiion (mm) on a 1961-1990 average per year

PRERG Precipitation range (mm) on a 1961-1990 average per year

TMPAV Averagetemperaiure (°) on a 1961-1990 average per year

TMPRG Temperaturerange (°) on a 1961-1990 average per year

AVTERRIB Dummy variable which takes the value unity 1T the property is aterraced house with
one bedroom, zero otherwise

AVTERRZB Dummy variable which takesthe value unity if the property is aterraced house with
two bedrooms, zero otherwise

AVTERR3B Dummy variable which takes the value unity if the property is aterraced house with
three bedrooms, zero otherwise

AVTERR4B Dummy variable which takesthe value unity if the property is aterraced house with
four bedrooms, zero otherwise

AVSEMIZB Dummy variable which takes the value unity 1f the property I1s a semidetached house
with two bedrooms, zero otherwise

AVSEMI3B Dummy variable which takes the value unity 1T the property 1S a semidetached house
with three bedrooms, zero otherwise

AVSEMTZB Dummy variable which takes the value unity 1T the property is a semidetached house
with four bedrooms, zero otherwise

AVDETAZB Dummy variable which takes the value unity 1T the property 1S a detached house with
two bedrooms, zero otherwise

AVDETA3B Dummy variable which takesthe value unity if the property 1S adetached house with
three bedrooms, zero otherwi se

AVDETA4B Dummy variable which takes the value unity 1T the property 1s a detached house with
four bedrooms, zero otherwise

AVDETASB Dummy variable which takesthe value unity If the property Is a detached house with
fife bedrooms, zero otherwise

AVBUNGZB Dummy variable which takes the value unity 1T the property 1s abungalow with two
bedrooms, zero otherwise

AVBUNG3B Dummy variable which takes the value unity 1T the property 1S abungalow with three
bedrooms, zero otherwise

AVBUNGZB Dummy variable which takesthe value unity 1T the property 1sabungalow with four
bedrooms, zero otherwise

AVFLCATIB Dummy variable which takes the value unity if the property 1S aflat with one
bedroom, zero otherwise

AVFLCATZB Dummy variable which takes the value unity 1T the property is aflat with two
bedrooms, zero otherwise

AVFLAT3B Dummy variable which takes the value unity 1T the property is aflat with three
bedrooms, zero otherwise

COUNTY(K) Dummy variable which takes the value unity IT the property islocaed in Courtyk,

k=1,..., 110 zero otherwise

Source: Climate Research Unit, Univergity of East Anglia; Harris et al. (1991) and (1994);
Focaset al. (1995); Halifax Building Society.




Table 2: Characterigtics of the 110 Boroughs and metropolitan areas

Varigble Mean Std. Deviation Minimum Maximum

HOUSING 64460.59 3473544 22255 316245
DSEA R41 2834 0 108
DLONDON 202.26 156.61 0 717
DWMINE 8156 7178 1 277
DNWMINE 84.29 69.38 1 252
DCAPITAL 24,08 17.23 0 103
DMAJOR 54.10 4490 0 258
ABOVESA 9212 69.97 31 541
SUNAV 119.63 10.487 80.64 1482
SUNRG 146.40 11.097 124 1775
WINDAV 477 0.48 4,05 6.62
WINDRG 138 0457 0.80 32
PREAV 67.00 20517 2479 17896
PRERG 36.37 20077 132 1421
RDAV 14.70 163 1263 246
RDRG 6.10 0.95 4 9.8
TMPAV 9.23 0.75 481 10.7
TMPRG 1218 0.77 95 13.2
FDAV 854 1.38 322 1412
FDRG 1757 2.09 83 26
VAPAV 1014 0.49 7.83 1146
VAPRG 742 0.42 59 8.20
REHAV 84,51 1.66 79.98 90.19
REHRG 1227 257 430 16.5

Source: Own calculation.

Except the dweling pecific characteridtics and the dimeate variables anumber of other
vaiadles are likdy to effect the qudity of life. Theseindude the qudity of hedth care
sarvices, school quality, trangport links or population dengty. In contrast to earlier works we
argue that the qudity of these locd sarvicesisjointly determined aong with house prices.
Hence they are endogenous (discussed in section 2.2).

Data on unemployment as an explanatory variable has been generdly incdluded in earlier
hedonic dudies. A high rate of unemployment is regarded as a disamenity in the way thet
compensation is necessary for households living in such areas™® However, aswe are using
average property price data, the level of unemployment might then be partly determined by
wages. Thisin turn affects property prices The udy by Steinnes and Fisher (1974) confirms

the two-Sded relationship between employment and residence.

Onefocus of the domedtic palicy in Britain in the early nineties was the privatisation of Sate-
owned companies. Thiswas followed by ahuge amount of dosuresin the cod mining sector
between 1991 and 1993. The rate of unemployment rose sgnificantly in the affected aress. In
contragt to the underlying assumption of afixed supply of jobs and afunctioning labour

19 Seeeg. Graves (1980), Smith (1983) or more recently Maddison (2001).
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market such a shortage of jobsimplies that individuas cannot satisfy their demand for
environmenta characteristics while no suitable jobs are available in areas with higher
environmenta qudity. To capture these effects of disequilibria it was necessary to indlude
information on mining Sitesin our andyds This was taken from the Directory of Minesand
Quarries (Harriset al ., 1991 and 1994). By comparing the 1994 working cod minesto the
1991 working mines we found thase which had been working prior to 1991 but had shut down
by 1993 and those till working in 1994. Also, the directory contained the grid references of
the sdlected mines. These grid references were converted into coordinates of |atitude and
longitude for each mine. By using the software Maplnfo, the geocodes of the 266 working and
the 154 non-working cod mineswere used for mgpping them. Assuming, thet the disance to
amine can capture this effects of disequilibria on the labour market, we measured the
digances between the cities and towns and the nearest working and non-working mine. This
information was then added to the dataset. The more distance is between amine and acity or
town, the less influence a closure should have on property prices.

Apart from the distances between cities or towns and mining sites further distance measures
were carried out to obtain informeation about the relative importance of acity or town by
measuring the accessibility of cartain non-resdentid locations. In some earlier dudies|latitude
and longitude were indluded to capture the proximity to a certain location as an amenity (eg.
Maddison and Bigano, forthcoming). However, both varigbles are corrdated with severd
dimate variables and induding them might thus effect the resits In contrast, not indluding
any kind of distance measures might dso have biased the results of earlier sudies.

Firg of dl, the distance between atown and Inner London was measured. London isby far
the most important city in the UK, nat only in economic terms. London provides services no
other city or town is able to provide. The proximity to London determines the ability to make
use of these services. A shorter distance suggestsincreased property prices. Although London
isunique, other dties exist which dso offer location spedific services within one region.
Glasgow might be viewed as an example of ametropolitan areain the North West of Greet
Britain. Edinburgh would be the counterpart located in the North Eagt. To find out about thelr
importance the distance between accity or town and the nearest mgjor city was measured !
Findly, to capture the importance of the capita of a county the informetion on the distance
from acity or town to the specific capitd city of that county was added as wel asadummy
for dl capitals. 2 As mentioned above, ashort distance to amagjor town or the county capita
should have an increasing effect on property prices.

2 |n our analysisatitude ismainly correlated with the variables measuring hours of sunshine (minimum and
maximum, average sunshine, range of sunshine and sunshinein July), temperature (temperature maximum,

average temperature and July temperature) and vapour pressure (minimum and maximum vapour pressure,
average vapour pressure, vapour pressure range and vapour pressure in January and July). Longitudeis correlated
with rain days (maximum rain days, average rain days and rain daysin January), temperature range and range of
vapour pressure. Variables named are all characterized by correlations above +/- 0.7.

21 These are cities where the popul ation is above 250,000 (London, Birmingham, Glasgow, Liverpool, Sheffield,
Leeds, Bristol, Manchester, Edinburgh, Leicester, Hull, Coventry, Bradford, Cardiff, Nottingham, Stoke-on-Trent
and Wolverhampton). The information was taken from the World Gazetteer, see http://www.world-

gazetteer.comv . Interestingly, these 17 major towns are spread throughout Britain with an accumulation in the
center.

22 The capital city of acounty has been defined asthat city with the highest population. For Greater London Inner
London was taken as the capital. With respect to the Metropolitan Areas, for each area one capital was chosen.
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Findly, the proximity to the sea (distance between acity or town and the coast) was
measured.®® In generd, being close to the seais expected to be an amenity. However, asall
indudtries related to the proximity to the sea, such as fishing or shipbuilding indudtries have
been in decline over the last decades, a greater distance to the coast might then imply alower
likdlihood of becoming unemployed, which might be an amenity. Hence, this variable might
be corrdated with a disequilibrium on the labour market and thereby absorbing nuisance
vaidion in the data. Therefore, the Sign of the varidble is not predetermined.

4 Empirical Analyss

Having many different dimate obsarvaions avallable is generdly beneficid for thefit of a
regresson anadlyss However, the greet variety of variables dso leads to a problem of
multicollinearity and complexity. Therefore the available information needsto be
consolidated. Fird, dl dimate variables were converted into three different conceptsto dlow
for different descriptions of the monthly climate data. These concepts are represented by the
minimum and maximums vaues of atweve month period, January and July averages and
annud averages and ranges. The range of avarigble is the difference between the month with
the maximum vaue to the month with the minimum value

The variables describing the dimate are entered as both linear and squared terms. Including
squared terms®* enables usto test if households prefer amild dimate rather than one
characterizes by extremes (Maddison 2001).2° Climete affects housing prices nonlinearly —
from a cartain levd of sunshine, the effect of an additiona hour of sunshine on the housing
price dedlines. Thisimplies thet the Sgn of the coefficients of the quadratic terms should be
opposite to thair linear counterparts. For the variable describing hours of sunshinethe
coefficient of the square is expected to be negative.

To guard againg further problems of multicollinearity, the number of dimete variables
included was restricted. Assuming that the number of rain days and precipitation or ground
frost days and temperature contain to some extent Smilar informetion, a regresson with four
rather then six different dimate variables was considered. 2° The correation between both
temperature and ground frost days aswell asrain days and precipitation is above 60 and 80

per cent respectively.

23 All distance measures were carried out by using the software program Mapl nfo.

24 A s Rasmussen and Zuehlke (1990) state squared terms might reduce the sum of squared residuals. In contrast,
Ridker and Henning (1967) pointed out, a problem a multicollinearity might appear as correlations between a
variable and its square are generally high. However, to avoid these problems, the mean of that particular variable
can be subtracted before squaring it.

%5 |t also allows theimplicit price to haveavarying sign depending on the level of the variable.

26 Furthermore, changesin both variables relative humidity and vapour pressure depend mainly on changesin
temperature. They arerelated non-linearly, see any standard textbook on general meteorology. To prevent any
problems of misinterpretation, different models were tested where the temperature variable was replaced either
by relative humidity or vapour pressure. Thefits were always|ower then the equation containing hours of
sunshine, wind speed, precipitation and mean temperature.
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Caused by the extensive number of housing characteritics, the dataset contains 17 different
types of housing per city or town (seetable 1). Clusters were formed to account for the
correation of resduds when observations are derived from the same town. Thisleadsto
robust variance estimates.

The theory of the hedonic gpproach does not provide much guidance concerning the
functiond form. Three different trandformations of the dependent variable were examined: the
linear, semilog and inverse modds To gain the most suitable modd dl three functiond forms
were tested for the three different concepts (minimum and maximums vaues of atwelve
month period, January and July averages and annud averages and ranges). However, each of
these different concepts contains eight different combinations of climate variables. One
possible combination is eg. hours of sunshine, wind speed, precipitation and temperature.
One dternative would be hours of sunshine, wind speed, precipitation and frost days, etc.

Intotd, 72 different regressons were performed. The semilog mode was found to be most
agopropriate. Within the possible semilog models the concept of averages and ranges
containing hours of sunshine, wind oeed, precipitation and mean temperature was found to
be mog suitable. All other specifications explain lessvariation inthe data An FTest to test
for omitted dimate variables reveded that no additiond dimate variables such as ground frost
days or rain days need to beinduded in the andlysis®’ A Ramsay RESET test, testing for
functional form, was not rejected.2® The estimated coefficients of the modd and the resuilts of
the tess are shown in table 3. The regresson andyssis ableto explain 92 per cent of the
vaiaionin the data

27 Both variables relative humidity and vapour pressure were not considered for an F-Test as they are highly non-
linearly correlated with the variable temperature.

28 Ho: Model has no omitted variables. F(3,2916) = 2.17, Prob > F = 0.0891. With respect to all other possible
specifications, only the semilog models were found to passthe RESET test. All estimatesfor linear or inverse
models were found to be misspecified.



Table 3: Theresultsof theregresson

Dependent varidble = INHOUSING

Parameter Coefficient
CONSTANT T.398553
(-0.76)
DEA 0.0066811
(5.24)
DFEA -0.000042%
(379)
DLONDON -0.002022%
(-2.20)
DLONDON 0.00000233
(1.30)
DWMTNE 0.0033%
(2.61)
DWMINE? -0.0000106
(-167)
DNWMTNE 0.0033654
(2.34)
DNWMINE -0.0000109
(1.28)
CAPITAL 0.0053556
(0.21)
DCAPITAL 0.0003362
(0.21)
DCAPITAL -0.0000147
(-0.65)
DMAJOR 0.0032819
(-3.36)
DMAJOR 0.0000143
(2.87)
ABOVESEA 0.0002605
(0.48)
ABOVESEA 0.000000415
(0.47)
SUNAV 0.104419
(2.62)
SUNAV -0.0003995
(-249)
SUNRG 0.0080961
(0.22)
SUNRG -0.0000279
(0.23)
WINDAV -0.168032%
(-0.28)
WINDAV 0.0115575
(0.19)
WINDRG 0.0472365
(0.34)
WINDRG -0.0349833
(-0.86)
PREAV 0.0031978
(-0.68)
PREAV? 0.0000251
(1.09)
PRERG 0.0131709
(4.28)
PRERG -0.000106%
(-4.09
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TMPAV 04600428
(-1.47)
TMPAV 0.0265692
(1.62)
TMPRG 0.0215534
(1.39)
TMPRG 00431353
(154)
AVTERRIB 06619733
(-13.95)
AVTERRZB -0.5066817
¢10.77)
AVTERR3B -0.3916794
(-8.28)
AVTERR4B 0.0177375
(-0.28)
AVSEMTZB 0371277
(-8.14)
AVSEMT3B 0.1902057
(-4.03)
AVSEMTZB 0.2270238
(4.41)
AVDETAZB dropped
AVDETAZB 0.1431882
(3.05)
AVDETAZB 04742146
(10.02)
AVDETASB 0.9394878
(18.69)
AVBUNGZB 01445357
¢3.17)
AVBUNG3B 0.129641T
(2.62)
AVBUNGZB 05190249
(5.79)
AVFLATIB 0.7873051
(-16.29)
AVFLATZ2B -05783115
(-11.84)
AVFLAT3B 03028043
(-307)
R-Squared 00167
Number of observations 3,076
NUmber of clusters 567
Ramsey RESET test? 717
RoOt MSE 0.13108

Source: Own calculation. T-statistics are in parentheses. Method used is panel corrected least
squares.

29 Ho: Model has no omitted variables. F(3,2916) = 2.17, Prob > F = 0.089L.



Asshown in table 3, four of the dimate varigbles are individudly sgnificant. Also, some
digance variables are found to be satidicaly sgnificant. Both the distance to a non-working
mine and to aworking mine have a postive sgn. Thisis congstent with our assumption thet a
gregter digtance to acoa mine, regardless if working or non-working, might decrease the
probability of being unemployed and might increase property prices. Furthermore, the
distance to London as well as the distance to the nearest mgor town are Sgnificant whereas
the distance to a county capitd and the capitd dummy are gatigticaly not Sgnificant. This
Uggests, that households are more attracted by a metropolitan arearather than the main city
of their county. Findly, the digance to the seais highly sgnificant, indicating proximity to

the seaasadisamenity. Thisresult is congstent with our above argument of the dedlining
shipping and fishing industry. Besides, when you are expecting dosenessto the seato be an
amenity, eg. asachancefor leisure activities, these results seem surprisng. However, the
disances are measured in kilometres rather than meters. Only very few cities or towns are
redly cosetothe sea

Table 4 contains the results of the FTegts for joint significance of varidbles entering as both
linear and squared terms. Compared to table 3, the numbers change dightly. The variables
measuring the distance to London and the distance to the nortworking mine arejointly
sgnificant at least at the 10 per cent leve. In contrast to the results presented in teble 3, the
variable measuring the annud range in temperature becomes significant at the 5 per cent
leve.

Table4: F-Test on joint significance of variables

Variable F(2/666) Prob>F
DSEA and DSEAZ 72 0.0000
DLONDON ad DLONDONZ 208 00513
DWMINE and DWMINEZ 343 00331
DNWMINE and DNWMINEZ 287 00573
DCAPITAL and DCAPITALZ 112 03272
DMAJOR and DMAJORZ 573 00034
ABOVESEA ad ABOVESEA?Z 040 06708
SUNAV and SUNAVZ 369 00255
SUNRG and SUNRGZ2 003 09706
WINDAV and WINDAV?2 031 07347
WINDRG andWINDRG2 081 04474
PREAV and PREAV?Z 120 03006
PRERG and PRERGZ 941 0.0001
TMPAV and TMPAV2 150 0220
TMPRG and TMPRG2 305 00481

Source: Own calculation.

A sengitivity andysis of the labour market specifications reveded that the results are

extremdy sendtive to whether or not county dummies are induded. In fact, the regresson
without county dummies must be rgected if tested for functiond form. Even amodd
containing the twelve different regions of Great Britain must be rgjected when tested for
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functiond form. However, amodd with 63 county dummies rather than 110 (the dummies for
the Boroughs of London and the different parts of metropolitan areas were replace by one
dummy for London and one for each metropolitan areg) passed the test for functiond form.
The variable measuring range of precipitation becomes inggnificant, whereas average
temperature becomes significant.

The reaults are dightly sendtive depending on whether or not the highly insgnificant

variables capitd and the highly jointly inggnificant variables dtitude, range of hours o
sunshine and average wind speed are omitted & once when tested for joint Sgnificance. The
variables measuring the amount of annua range in wind speed then become Sgnificant. Also,
the T-tatistics change dightly. However, the R decreases by only 0.01 per cent. The reason
for usng the full modd containing pecificaly range of hours of sunshine and average wind
gped indead isto dlow for a comprehendve gppraisal when investigating the wedfare impact
of climate change. See section 5.2.

The resuts of different modd specifications, especidly labour market specifications are
shown in table 9 in the appendix. In generd, the results are rdaively robust across the reduced
models.

5 The Implicit Prices
5.1 Thelmplicit Price of Climate

Theimplicit prices of the dimeate variables were caculated by differentiaing the hedonic

price function with respect to each dimate variable for three different types of location.*° First
for alocation offering an average dimate among dl locations, then for locations characterized
by the minimum vaues of thet particular dimate variable and third for locations with the
maximum vaues! Teble 5 shows the implicit prices of the dimate varigbles. A negative sign
indicates a disamenity. At leadt three dimate varigbles are satigticadly sgnificant and dl

results seem plausble

30 Theimplicit price for asemi -logarithmic specification is cal culated by
fe _ p* b, where by isthe estimated coefficient for variable % and p the average house price. In our model
X, '
with squared terms included the equation changesto P _ (b, +2b, *x)p- This priceis then annuitised at
1-[ Xi | { I
5% to provide annual benefits.
31 The locations offering the minimum val ue of average precipitation differ from the locations offering the
minimum amount of temperature. Therefore, theseimplicit pricesfor the ‘minimum’ and ‘ maximum'’ locations
can not be added up to calculate afull implicit price.
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Table5: Implicit pricesfor climatevariables(in £/household/year)

Averages | Minmums [ Maximums
Sunav 2848 128.88 -4510
(hours) (155) (272 (-143)
Sunrg 024 3.79 -5.83
(hours) (000) 0.17) (-024)
Windav -186.08 -239.85 -4863
(mph) (-0.76) (-063) (0.00)
Windrg -159.02 -2818 -569.48
(mph) (077 (-0.10) 117
Preav 0.53 -3.06 1864
(mm) (020 (-033) (141
Prerg 1751 3340 -5501
(mm) 822 (4.16) (-347)
Trpav 9746 -659.23 349.82
(°O (052 (-128) (149
Tmprg -415.37 328.70 -700.11
(°C (240 (0.75) (-232

Source: Own calculations. T-gtatistics are in parentheses.

It turns out that households located in a place offering on average only 80 hours of sunghine
per month, such as Inverness, are willing to pay a sgnificant amount for additiond hours
Households in other locations would rather not do so. Precipitation range is an amenity a the
average and the minimum level (eg. Nottingham with arange of 13 mm per year), whereas &
alocation with a maximum range of about 142 mm per year like Aberdare in Mid Glamorgan,
it isadisamenity. Thisindicates that households would prefer a greater digtribution of
precipitation across the seasons (i.e. holding annud precipitation condtant, drier summers and
wetter winters are preferred). However, thereis alimit, an optimum range exigts. In contradt,
asthe negative sgn of implicit pricesfor temperature range indicates, higher ranges are likdy
to reduce wdfare. There are severd places with amaximum range of 13°C per year, the
mgority of them are located within Grester London.

Differencesin deta, regresson specification and aso sudy areas make comparisons to other
Sudies difficult and might explain to some extent the different esimates. Although the
findings of impacts of seasondity of precipitation arein line with Englin (1996), the extend of
theimpact is vary different. People living in the Olympic Peninsulain Washington State are
on average willing to pay $ 1.40 for aone mm increese in seasondity of precipitation
compared to £ 17.71 for people living in Great Britain.> Unlike both Englin (1996) and
Maddison (2001), the amount of average precipitation is not found to be sgnificant. Englin
(1996) etimated an implicit price of $ 0.05 for aone mm reduction in annud ranfal,
whereas Maddison (2001) estimated £ 0.51 for Gresat Britain. Both gpplied a semi-log modd.
In addition, Maddison (2001) found average temperture and average hours of sunshine
sgnificant in his hedonic house price regresson.

32 Englin (1996) evaluated the implicit price for aoneinch increase calculated at the average property value.
However, to make the results comparable Englin’ s results were annuitised by 5% and converted to millimetres.
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Although dl sudiesfind asgnificant role for dimeate variablesin explaning variaionsin

house prices, the differences between the findings are difficult to interpret. Englin (1996) eg.
congrained the number of dimate varigbles to two (average precipitation and range of
precipitation) and no squared terms were added to the regresson. Maddison (2001) specified
the climate variables precipitation, temperature and hours of sunshine as averages and
estimated two separate eguations for house prices and wage rates. In generd, the limited
number of European studies decreases the reasonability of comparisons. More research is
required.

5.2 Implicit Prices of Climate Change

All the above wdfare measures were caculated for margind changes of the environmenta
atribute. As people are concerned about the future changes of climate they areinterested in
thetotg impact of dimate change pointing & non-margind changesrather than margina
Ones.

To investigate the willingness to pay to avoid dimate change, information about the extent of
changesisrequired. For the UK, dimate models predict an increase in temperature of about
3°C by 2100 with grester warming in the South and Eadt than in the North and West. Very
warm summers will become more frequent and very cold winters will become increesngly
rare. Geogrgphical differencesin rainfal are likdy to become more pronounced, with
Scotland becoming wetter and the South Eagt of England becoming drier. Also, ranfdl is
expected to become more seasond with drier summers and wetter winters. Snowfdl will
decrease throughout the UK (Hulme et al ., 2002).

To cdculate the wdfare impacts of future climate change the UK CIPO2 scenario datawas
usd, provided by the Department for Environment, Food and Rurd Affars (DEFRA). These
data contain changes of UK monthly dimate for four dimeate change scenarios and three
points in time (2020, 2050 and 2080) on a 50km grid. Each of the dlimate change scenarios
assumes a different greenhouse gas emissons scenario ranging from low emissonsto high
emissons scenarios. The range of emissions scenarios chosen is dosdly rdaed to the range of
emissions published by the IPCC Third Assessment Report (Hulme et al., 2002). The dataset
contains monthly data for three of our four dimate variables (wind speed, temperature and
precipitation). These monthly data were converted into annua averages and ranges. Teble 6
ummarizes the characterigtics of the dimete variables for two of the four scenarios: the low
emissons and the high emissons scenario. All vaues for the dimate variables are expected to
increase on average, except one. Annua average precipitation islikely to become smdler.

33 As generally known, the willingness to pay will mainly be underestimated, if nonrmarginal changes are
calculated, see e.g. Bartik (1988). More recently discussed by Day (2001).



Table 6: Characterigtics of climate variablesfor different climate change scenarios

Scenario Climatevariable | Mean Std.Deviation Minimum Maximum
changes changes changes
L ow 2020 Windav (mph) 0.01 0.01 -0.03 0.05
Windrg (mph) 011 0.04 004 0.23
Preav (mm) -0.71 0.70 -214 168
Prerg (mm) 1081 432 307 2370
Tmpav (°C) 0.75 0.09 0.52 0.90
Tmprg (°C) 0.45 012 0.19 0.66
L ow 2050 Windav (mph) 0.02 0.02 -0.06 0.08
Windrg (mph) 021 0.07 0.08 0.40
Preav (mm) -1.26 125 -381 2.99
Prerg (mm) 1930 7.70 547 42.26
Tmpav (°C) 133 0.17 0.93 161
Tmprg (°C) 0.80 0.21 034 119
L ow 2080 Windav (mph) 0.03 0.03 -0.08 012
Windrg (mph) 0.29 0.10 011 0.56
Preav (mm) -1.78 178 -5.40 425
Prerg (mm) 2137 1092 7.76 5997
Tmpav (°C) 1.89 0.23 132 2.28
Trmprg (°C) 113 0.30 048 168
High 2020 Windav (mph) 0.01 0.01 -0.04 0.06
Windrg (mph) 0.14 0.05 0.05 0.26
Preav (mm) -0.84 0.84 254 2.00
Prerg (mm) 1286 513 3.65 2817
Tmpav (°C) 0.89 011 0.62 107
Tmprg (°C) 053 014 0.22 0.79
High 2050 Windav (mph) 0.03 0.04 -0.09 0.13
Windrg (mph) 033 011 0.12 0.63
Preav (mm) -2.00 199 -6.05 475
Prerg (mm) 065 1223 8.69 6715
Tmpav (°C) 212 0.26 148 255
Tmprg (°C) 1.26 0.33 054 188
High 2080 Windav (mph) 0.06 0.06 -0.15 0.23
Windrg (mph) 057 0.20 022 109
Preav (mm) -3.46 345 -1048 822
Prerg (mm) 5309 2118 1505 116.31
Tmpav (°C) 367 0.45 2.56 442
Tmprg (°C) 219 0.57 0.93 3.26

Source: Own calculations.
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The partid impacts in both scenarios and in different types of location can be easly caculated
by multiplying the implicit prices shown in table 5 with the expected average change of that
particular variable®* These partid welfare impacts describe the change in amenity vauesif
only one of the dimate variables changes. However, we are more interested in the full impact
of climate change. In order to caculate these impacts, the house prices for an average house
in the current dimate state was compared to the house price with a changed dimate. These
esimates were carried out for different locations followed the above differentiation; an
average location, one characterized by a minimum annua range of precipitation
(Nottingham), the counterpart with a huge amount (Aberdare) and one location with a
maximum range of annud temperature (Harrow). The values of different dimete variables for
these locations are summarized in table 7.%° Table 8 presents the full prices

34 Theimplicit prices were calculated for alocation with an average climate facing climate change on an average
levd, followed by the locations characterized by the minimum or maximum vaues of that particular climate
variable, also facing climate to change on an average level. In both scenarios and for all pointsin time the range
of precipitation was found to be highly significant at a5 per cent level of confidence. A higher range of
precipitation is always an amenity indicated by the positive sign except for alocation that is already facing ahuge
range in precipitation. People living in such areas would rather prefer less variety. Higher ranges in temperature
aresignificant at the 10 per cent level at least for two types of location —average and minimum. The predicted
higher ranges are regarded as a disamenity.

35 Unfortunately, the scenario baseline data (50 km grid) is different from our above employed climate data (10
km grid). Asthe different climate change scenarios are cal culated on the basis of the scenario baseline, the
estimated changes can not be linked to our above climate normals. To overcome this problem, the scenario
climate normals were used to calculate the full prices of climate change.
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Table7: Thevaluesof different climate variablesfor different locationsfor “low” and
“high” emissions scenarios

Low High
Current 2020 2050 2080 2020 2050 2030
climate
Average Windav (mph) 519 520 521 522 5.20 522 5.25
Windrg (mph) 185 197 206 214 199 218 242
Preav mm) 86.9 86.29 8&.73 821 86.15 849 8353
Prerg (mm) 4853 5034 67.82 7590 6139 7918 101.62
Tmpav (°C) 8.67 942 1000 1056 9.56 10.79 A
Tmprg (°C) 1046 1091 11.26 1159 1099 172 1265
Nottingham | Windav (mph) 5.28 5.30 5.30 533 5.30 533 5.37
Windrg (mph) 174 182 192 195 184 198 2.18
Preav mm) 6104 5989 5898 5812 5967 57.77 5537
Prerg (mm) 178 265 2878 462 2413 3700 5324
Tmpav (°C) 9.18 9.98 1061 n2 1014 1145 1312
Tmprg (°C) 1o 142 nn 1199 1149 rn 1309
Aberdare Windav (mph) 4.68 470 471 473 4.70 473 477
Windrg (mph) 119 124 130 134 125 137 156
Preav mm) 16751 166.33 165.40 164.52 166.10 164.16 161.71
Prerg (mm) 13472 156.71 17395 190.36 160.88 197.05 24303
Tmpav (°C) 891 9.67 1027 1084 9.82 1107 1266
Tmprg (°C) 9.61 1001 1033 1071 1008 1086 19
Harrow Windav (mph) 521 523 524 5.26 523 5.26 530
Windrg (mph) 148 157 167 170 158 172 195
Preav mm) 52.89 5187 5106 50.30 5167 4999 4787
Prerg (mm) 1952 2662 320 3751 2797 3966 5440
Tmpav (°C) 9.99 1085 1153 1218 101 1244 1423
Tmprg (°C) 174 1220 1259 1300 1228 1316 1431

Source; UKCIPO2 Climate Scenario data.

Table8: Thetotal wdfareimpact of climate changefor different locationsfor “low” and
“high” emissons scenarios (in £/lhousehold/year)

Wdfareimpact (£s) for “low” Welfareimpact (Es) for “high”
Average current
house price (ES) 2020 2050 2030 2020 2050 2080
Average
64,461 +72 +97 +100 +82 +95 -59
Nottingham
53,263 +157 +367 +611 +208 +712 +1,448
Aberdare
31,218 5440 -015° -1,204° 639° -1,304° -1,719°
Harrow
78,921 +339 +631 +932 +417 +1,064 +1,991

Source: Own calculation.
2 ggnificant at 1% level, ® significant at 5% level, € significant at 10% level.
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The wdfare impacts are varying enormoudy over time and space. For an average location the
prices for both scenarios are increasing over time with one exception. The dimate change
scenario with the highest greenhouse gas emissonsindicates aloss in welfare by 2080. The
same devel opment is expected for alocation such as Nottingham. Although, for such
locations the effect on the house pricesis more marked. However, locations with amaximum
range of annud temperature (Harrow) are likdly to gain in dl scenarios and time-dlices. In
contrast, alocation such as Aberdare loses enormoudly from dimate change®° Espedly
placestha are dready characterized by ahuge range in precipitation are expected to recave
more than the average increase in precipitation.

The findings suggest that there are some locations in Britain which might benefit from dimate
change, expecidly places with little or average range in rainfal and those with a huge range of
annud temperature. Although measures like this are dways carried out with some extent of
uncertainty and the wefare impacts are caculated only for changesin three different dimate
variables, theincreasing prices for an average location seem to confirm the optimigtic
interpretation of mild globa warming. However, the results of ahigh greenhouse ges
emissons scenaio, like the negative Sgn for an average location in 2080, confirm the
pessmidtic expectations of an enhanced greenhouse gas effect.

6 Conclusion

This sudy has demondirated how British households preferences for dimete amenitiescan
be derived from the hedonic price regression. British people are concerned with temperature,
precipitation and the amount of sunshine at their location. The estimates suggest that British
people would typicaly prefer agreater digtribution of precipitation across the seasons (i.e.
holding annud precipitation constant, drier summers and wetter winters are preferred). Higher
temperature ranges are by contrast likely to reduce welfare. Modest globa warming with
warmer wintersand drier summers might thus benefit British households. An enhanced
greenhouse effect with high greenhouse gas emissions would reduce wefare.

It is remarkable that these variables were found to be sgnificant dthough the number of
cimate varigblesisrather large and 110 county dummies were implemented. However,
empiricd results are never unimpeachable. The choice of independent variablesis nat
predetermined and aways arbitrary. Also, the sdection depends to a certain extend on data
avalability. Therefore, this andysis might be lacking because county dummies were used
whereasindividua wage data would have been required. By using census tract datathe
possibility of induding information about the quality of loca public services was limited due
to problems of endogenaty. Individua housing and wage data would have been required but
were not available for Great Britian. For future research on impacts on dimate change time-
series andyss might be more desirable to contral the changesin income and to test the
dability of the esimated results. Findly, a‘ practica’ solution to derive wefare impacts of
non-margina changes needsto be avallable.

36 \When tested for joint significance of a particular climate change scenario, these are significant at the 5 per cent
level of confidencefor al scenarios. The numbersfor al other locations vary between 23 and 66 per cent.
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In generd, the limited number of European studies makes comparisons to other research work
quite diffi cult. The results can not be confirmed or rgjected. More research for locationsin
Europeis required. Unfortunately, the direct vauation techniques especidly the contingent

va uation approach has dominated the research work in Europe in recent years and thereis
some evidence that thistrend islikely to continue,
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Appendix
Table9: Theresultsof theregresson for alter native models

Dependent variadble = INHOUSING

Parameter Full model (110 [Without county [With IZ2regional | With 63 county Reduced model
county dummies) dummies dummies dummies®
CONSTANT 1.398553 5520181 8449167 “0.5199158 2627796
DEA 0.0066811% 0.0056837 0.0051027 0.0076012% 0.0067118"
DEA ~0.00004247 ~0.0000472% ~0.0000322% ~0.0000518% ~0.0000426%
DLONDON ~0.0020224° ~0.0015947"° ~0.0006251 ~0.0018855" ~0.00227437
DLONDON 0.00000233° 0.00000257° 0.00000123 0.00000182" 0.00000237
DWMINE 0.003385" 0.0031987 0.0012685° 0.0033999" 0.00347537
DWMINE ~0.0000106° ~0.00000452 = 0.00000074T° ~0.0000115° ~0.0000109°
DNWMINE 0.0033654° 0.0016343 0.0038I7° 0.0032873° 0.00333"
DNWMTINE ~0.0000109° ~0.00000989 ~0.0000161° ~0.00000958 7 -0.0000112
CAPITAL 0.0053556 -0.0387197° -0.0177946 0.0062275
DCAPITAL 0.0003362 -0.0015663° -0.001045 ~0.0005064 0.0001199
DCAPITAL ~0.0000147 0.00000312 0.0000053% 0.00000155 ~0.0000134
DMAJOR ~0.0032819% ~0.002226™ ~0.00326047 ~0.0032405% ~0.00336417
DMAJOR 0.00001487 0.00000726 = 0.0000096% 0.0000176% 0.00001617
ABOVESEA 0.0002605 0.0001828 -0.0001903 0.0002554
ABOVESEA 0.000000415 ~0.000000732 0.000000693 0.0000000198
SUNAV 0.104419° 0.08100287% 0.0765919% 0.17247108% 0.0953967
SUNAV ~0.0003995" ~0.00035537 ~0.00030447 ~0.00047387% ~0.0003656%
SUNRG 0.0080961 ~0.040887 ~0.0194831 0.0258538
SUNRG -0.0000279 0.0001391 0.0000626 ~0.0000799
WINDAV ~0.1680324 ~0.0100898° 0.1905256 0.0081324
WINDAWV? 0.0115575 -0.0125156° -0.0306129 -0.0148957
WINDRG 0.0472365 “0.I177517 ~0.1392924 0.0099791 “0.01T7773
WINDRG ~0.0349883 0.053817 0.0383195 0.0070133 -0.0238782
PREAV ~0.0031978 ~0.0053856 -0.0003755 0.0029705 ~0.002506
PREAV? 0.0000251 0.0000315 0.000000679 ~0.00000693 0.0000236
PRERG 0.0131709% 0.01383397 0.0077933° 0.0062637 0.01303017
PRERG ~0.00010647% ~0.0001226% ~0.0000648° ~0.0000562 ~0.0001049%
TMPAV ~0.4600478 -0.18547236 -0.2314278 “0.8732773% “0.5605536"
TMPAV 0.0265692 0.0179034 0.0128403 0.04944567 0.0300064°
TMPRG 0.9215534° 0.9236759" 0.0790753 1.0189667 0.9316966
TMPRG 0.0431353° ~0.0424027° ~0.0054261 “0.04773I77 -0.0432437°
R 0.9167 0.8719 0.8857 0.9058 0.9166
RESET test (Prob > F) 0.0891 0.0000 0.0029 0.1173 0.0872

Source: Own calculation.
2 (jointly) significant at 1%; ° significant at 5%; ©significant at 10%; ¢ The dummies for the
Boroughs of London and the different parts of metropolitan areas were replace by one dummy
for London and one for each metropolitan area.
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