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1 ABSTRACT

High quality environments have an important rolglay in building competitive cities and regiongdan
contributing to quality of life for both communiseand employees. Green Infrastructure — defined as
network of multifunctional open spaces, parks, dread woodlands — is a valuable part of the urban
economy but, as urbanization increases, public @mgte green spaces are being lost to housing and
commercial developments.

Economic investment decisions are shaped by atyarid¢actors including transport infrastructurecess to
skilled labor and proximity to markets or supplyatcts. However these decisions are also influenged b
perceptions of the area or regional ‘image’ as #racive, prosperous setting for living, workingda
therefore investing in. Regions suffering from poslustrial decline can suffer from a negative isadich

is difficult to shake off. One opportunity to repleathese regions is to enhance investments in green
infrastructure. Green infrastructure can be seea asrtain type of regional amenity. It delivergioas
benefits for the inhabitants like ambient air quyalbiodiversity, recreation facilities and so on.

The approach of this paper is to measure the @ilss to pay of people for the amenity “green”rinan
areas. This is done by integrating a GIS-basedngodiystem for the quality and quantity of green
infrastructure into the methodological concept oélify of life. In recent research papers the quaif life

in urban areas is assessed by various variablegditdtors. But especially the green spaces a&idrig a
conceptual measurement on the regional scale. iBg dsita sets on the scale of European urban areay

for valuing the benefits of urban green infrastowetis developed. It is mainly based on a regrassaiting
that uses standard quality of life variables, bugraents the analysis by, adding indicators for the
accessibility of urban green infrastructure (basedlistances).

This academic work spins off from the INTERREG Igbject “VALUE". It aims at establishing a way
how to target green infrastructure investment$atcity and regional scale to deliver the greateshomic
benefits while ensuring that high quality greemasfructure is protected.

2 INTRODUCTION

The word “green” is currently very popular in pubfind academic discussion. Not only when considerin
the ecological aspects of carbon free - stratedes,also in the sense of acting responsible whin t
resources of nature. Regarding the field of urb@memics, the term “green” is also becoming moreé an
more important. This is, because the competitiotwden urban regions is fostering with the ongoing
increase in urbanization and globalization. Citempete not only for capital but also for peopld &meir
knowledge. Especially in highly developed, serviector depending countries this part of regional
competition is more and more not only met by jusing attractive concerning hard economic factorg, C
planners are becoming aware of the triggering obldiveability” of cities (Department for Commungs
and Local Government 2006), i.e. the compositiorsaft local factors of a city region that attrabigh
potentials to live and work in a certain place. @orng the hard and soft local factors one can lsjda
“Quality of Life” as a main aspect of intercity cpstition.

An often neglected aspect in this context is thedrtance of a high quality green infrastructurefinkbd as
a network of multifunctional open spaces, parksedrand woodlands - as a significant componenheof t
amenity setting of an urban area.

Economic research has a long tradition in assess@galue of green spaces in urban areas. Butdtig of
literature operates mainly the local - intracitycale. A wide range of analyses worked on sheddjhgon
the relationship between utility, willingness toymnd the development of open urban spaces. Rekilids
quite significantly depending on the spatial scahel the methods used. The aims of research witign t
literature are almost alike, but the techniquesletermining the impact of the economic value ofegre
infrastructure are changing rapidly. Referring lte two most used approaches on the local levedtedt
preference analysis by survey techniques and redgeieference analysis by hedonic pricing modeRMH
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- the past few years have speeded up the develdprherew empirical assessments. In both cases major
catalysts for this were the growing use of GIS #ralavailability of geo-referenced data (Anselirg&oo-
Gracia 2008, Cohen/Coughlin 2008). So, it is welbwn for a single city that people do pay (in temhs
house prices) for a greener neighborhood, a nieergview or a well structured green infrastruct&net the

way in which the “greenness” affects the competitietween cities on a regional scale is not yet wel
explored. When focusing on the more aggregatedaspexel of city regions instead of neighbourhogitie
available methods and empirical assessments bectie fewer.

Accordingly, this research paper investigates thlationship between regional quality of life ance th
composition of urban green infrastructures for Pean cities. It does so by combining the well-dedin
methodological concept of QoL with a GIS approashthe coding scheme of quality of urban green as a
part of urban infrastructure. The main rationaléibé the subsequent analysis is: when people ant fi
value a certain quality and quantity of green ogeces, it will be capitalized in local prices avaes.

In the concept of regional quality of life it issasned that in a theoretical situation of spatialil@arium all
people have sorted themselves among all regiorsdigg their individual utility functions, accordjrio the
maximization of individual utilities (Blomquist 26J). In this utility function there are not only regal
economical characteristics like income but alsaoreg sets of amenities like nature, climate, aeltand the
amount of parks and other open spaces. So, wharsifag on the impact of green investments on the
regional scale, the strength of the relative impdicirban landscapes on the quality of life haba@ssessed
(Hand et.al. 2008).

Concerning QoL, economic theory concludes that disencan be seen as attractors of people. So, in
relation to some reference location people arengilto forgo a certain amount of real wage whely e
localizing in a region with high quality of lifenladdition they will be willing to pay a higher pei for
housing to have access to the regional housingehatk the one hand the housing prices will be drigh
“nicer” places compared to regions with lower antsusf quality of life. On the other hand firms thudfer
jobs in the high valued regions will have to pagsl¢o attract employees, because the region high anét
value of its own. So the hourly wages will be refglly low in these places after correcting for thigher
prices of property.

3 QUALITY OF LIFE APPROACH

This section explains how the measurement of Qalersved conceptually. It is based on the maindiigre
(Chen/Rosenthal 2008, Gabriel/Rosenthal 2004, BiitEbertz 2009, Blomquist 2006) which in core
developes further ideas of Rosen (1979) and RoliE@82). The explanations are hold in brevity beeaus
more distinct and stepwise information can be drautof the cited literature.

Two sectors are being distinguished: householdsfiamd. As mentioned above, firms maximise proéits
households maximise utility. In functional formghs:

Q) u=u(w,r4,)

U is the households indirect utility function, whar is utility, w is the wage, rH the residentiaht and A is
a vector of local attributes aki in region i.

@ 7= wlw,r7[4) = xp—xe(w,rF|4)
IT is the profit function. Here rB is the commeraialindustrial rate of rent, x is the amount of aufp is
the commodity price and c(.) is the unit cost fiorct

When considering a spatial equilibrium and competitnarkets, all firms face the same profit (=zean}l
all households have the same utility:

@  ulw,rfl4) =1
4) mlw,rf|4) =7
When focusing on the relevance of local attribdtesthe QoL, the question of research is how thigyut
function reacts on a small change in a local ameifhis effect is mirrored by two components: tieoant

of wage a household is willing to forgo to consumenarginal amount of a certain amenity j and the
willingness to pay for higher housing rents:
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5) u/u, = L -dr a’a —d u.'_.-"'a’aj

-+

Equation 5 relates a growing utility to amenityeets of wages and housing prices. It can be diviakedthe
effect the house price change and the wage readtierio an isolated increase in amenity j. L* loa tight
hand side is the housing demand of the househaldcan be normalized to 1 for simplicity. In additito
that the relation on the left hand side can benag#d for easier use intﬁj’, the implicit price a household

is willing to pay for a certain amenity j.

Once the HPM setup is defined and results of tiémaBons are available, some further steps of
transformation follow up. The values of the regi@s<oefficients do not yet mirror implicit pricethey
rather belong to Euros per square meter and EwoBqur. So in order to attain implicit prices bajong to

a monthly household budget, the coefficients haviet recalculated. Therefore some equal basisohibe t
taken into account, for example the average morgkpenditure on housing or the average monthlygala
in the super ordinate region. Using this centrerarice, all regression coefficients have to be satha
(Blomquist 2006, Buettner/Ebertz 2009). These rethdigures are then aggregated to the QoL as in (6)

The regional QoL is then the sum of all implicitges of amenities multiplied by their local amounts
(6) QoL; = Ef-yip - ay;.

One important note has to be made: In this pageniin aim is not the calculation of a QoL indexank
cities. The interest lies in the coefficient estiesafor the green variable in the empirical apphnotmat is
derived by using the conceptual framework of Qohefefore the analysis stops by using the relatipnsh
presented in equation 5. The weighted summatia@uyoétion 6 is left out on purpose.

Empirical Measures

The empirical assessment of the QoL is based agession approach. In contrast to stated preferenc
techniques these estimations are solely basedvealesl preference analysis, mainly the (spatiafiohie
pricing model. Generally speaking, the HPM deduoésrmation of qualitative and environmental goods
characteristics from market data. The informattuat is used in the empirical work can thereforelibaed

into two subsets (Gyourko/Tracy 1991, Blomquistadt.1988): Structural (individual) traits versuscal
amenity attributes for housing (wage) equationsthim most straightforward form the estimation oftea
form of regional quality is calculated in a hedoregression, which analyses the impact of locaibaiies
and local amenities on the respective price or wageble (Chen/Rosenthal 2008):

(©)] w;. = a+ Ej}:q By -ag+vyl +e
(10) Pi: = @ _E_?:‘l H_,-' ) ':-'[:'_," T Cr{:‘s Tl

In a housing equation, for example, the monthiyt par square meter of housing (p) is set in ratatm
housing characteristics C (number of rooms, agegga lot size, living space) and a variety of oegi
variables/amenities a (socio-economic and enviranahelata). The wage regression refers to hourlgesa
w in relation to individual characteristics | (ageducation, family status) and the local amenites
(Gabriel/Rosenthal 2004).

Because in this research paper the focus lies errdbional scale, this standard sets of data caomot
applied. Here, for every city under study we useagrage price per square meter housing. So theneoca
housing attributes that can be referred to. Thédyaisatherefore comprises data on regional socaemic
conditions and regional amenities.

3.1 Functional form

In the empirical literature on hedonic pricing misdihere is a wide range of different functionainfis that
are used. The most common equations are log-lorelag-log specifications of the relationship beaneahe
prices/wages and the exogenous variables. Thigdause of the ease of interpretation of the refgrri
coefficients as differentiates or elasticities. Batthese forms narrow the way of interpretingltesnd the
optimisation of the estimation efficiency, many laars also use a Box-Cox power transformation which
exact specification is mathematically determinedairBox-Cox maximum-likelihood search (Blomquist
2006, Tyrvainen/Miettinen 2000).
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3.2 Green infrastructure

Most research on the QoL lack a precise and ddtaihplementation of quantities and qualities ofegre
infrastructure. Research on QoL uses a wide rahgenenity variables for regional description (Blaumsj
1988, Gyourko/Tracy 1991). But in these publicaditime main focus is on air pollution as a driveqoélity
of life. The more recent analyses add only weaksssaents of green infrastructure on the regioradé sce.
number of Superfund Sites or the area share oftfared water (Blomquist 2006, Buettner/Ebertz 2009)

A contrast to this low presence of green spaceabbes is the discussion of its theoretical impatcttte
regional quality of life. Green investments caririierpreted as investments in an upslope of thepapative
advantage of a region (Crompton 2001). This is beegreen open spaces in urban areas have anreifect
only on the small scale quality of place, but asothe wider perception of a good place to life ¢faws
2001). Through this channel a development of gogmm spaces should affect the regional attractssefor
people and firms relative to other places (Baycawent/Vreeker/Nijkamp 2004).

So one important addition that has to be madedadkearch on QoL is in how far green investmeat® h
an effect on the regional willingness to pay imifasf significant implicit prices (Tyrvainen/Miettam 2000).

In the literature on HPM on a local scale thera luge number of papers that deals with the valwgpen
space (for example McConnell/Walls 2005 as a re}idwgpecially the ways of encoding qualities and
guantities of green infrastructure in these analysen be transferable to the regional/city levekeagch
approach. With the growing usability of GIS softerand the availability of geo-referenced datasimeall
scale HPM analyses concentrated on adding thisnraftion to the conventional approaches. For example
Goeghegan/Wainger/Bockstael (1997) use GIS infaomaib a broader extend. Here it was a particular
research interest to encode quantities and quabfi®@pen space. Regarding quantity of green itrfressire

an easy assessment is the use of simple distanasures of the relative proximity of open spaces
(Cho/Bowker/Park 2006). This quantity can be meagiin meters of linear distance to the next pank. A
extension in the variety of parks types was suggely Cho/Poudyal/Roberts 2008 (evergreen forashpa
deciduous forest patch, mixed species forest pataditional measures of quantity are the numbeordst
patches in a certain radius or the average pateh si

In summary it can be stated that there are someeisting approaches in the empirical literatureceaming
green investments. But all of them are rather oroee local than a regional scale or do not usevahiety of
possible GIS-based information on green open sgacdke analysis of quality of life. The only papbat
investigates similar effects focuses on the roloodsts (Hand et. al. 2008). The ambition of gaper is, in
contrast to that, oriented at green networks, wira-urban forests are only one component oftgsci
green. For the aim of this paper it is necessargtagrate contemporary measures of qualities aradhtifies
of green open spaces into the concept of regiahalnuQoL.

3.3 Data

To analyse the effect of green infrastructure omogean urban areas’ QoL, four different data set¢s a
combined: two for the socio-economic variablescity regions, two for the indicator for regionakgnness.

To get information on housing values in Europedresi the Urban Audit data set is used. It is adat
collection of more than 300 cities that consistsaohuge variety of data on several topics (European
Communities 2004). Here, housing prices per squagéer and rents per square meter are selected as
information about the average housing price intg. dihe housing prices were recalculated to mirmor
imputed monthly rent by using a discount rate 857%ercent together with information on the aversige

of a house in these cities. Than the data on apattand house prices were averaged to get an fdiba o
overall housing value for a certain city (Blomquid006). Data was available for city regions as
administrative regions and larger urban zones agtitnal economic areas. From a theoretical pdiniew

the data for the functional regions is the mostrapipate in many cases (Rusche 2010), but as dsisarch
focuses on the QoL in the dense urban fabric @s;ithe regional data is taken from the city ragio

In addition, also data on the gross national prodlmcthe NUTS-3 region that belongs to each cityg a
information about the population density were takem the Urban Audit (UA). The economic variablie o
GNP captures the relative productivity of a citgiom in the European context and the populatiorsitegn
covers the housing market conditions. As the UA iguite new data source, its theoretical data essn
suffers from a lack of complete data for all citi€0, concerning amenity variables, the Urban Audit
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promises a lot of information on, for example, @iand environmental statistics. But when employinig
data, the sample sizes decrease to fewer thanumukedd cities.

To give further indication on the overall endowmairith public amenities, the variable “settlementirh
the ESPON data is used. It ranges from 1 to 9c#ulig the degree of centrality of a city. Regagdihe
amenity set up of cities, the assumption is matuk, the more central a city is, the more it is enelb with
public infrastructure (museums, theatres, publodport, universities, etc.). So this variable sthaapture
the non-economic amenities arising from the cigtus. The second variable that is taken from the@$
data is Coast. This is a binary variable indicatirigether the NUTS-3 region of a city has a coast &r not.
This stands for the touristic and recreational dtgevalues of city that are not captured by locatem
infrastructure.

One important drawback in European statistics baset mentioned: there is no low scale informatian o
regional wages. Therefore the regression approanhoaly rely on the housing price equations. As the
standard QoL approach uses information on housegmrnd wages, this analysis suffers from a lack of
information. But nevertheless, other studies alyeaskd the QoL concept by just focusing on the éous
prices (Buettner/Ebertz 2009), but here the wagatans showed to be insignificant). For the puepob
this research, only housing value regressions eazohducted.

4 URBAN GREENNESS

For the GIS-based analysis , the CORINE Land C@@80 (CLC2000) data set was combined with the
dataset on “green urban areas within urban morgitdb zone” (GUA). Both datasets base upon the
IMAGE2000 remote sensing dataset which is made ft@andsat-7 ETM images taken in 1999-2001
(QUELLE: DLR http://www.corine.dfd.dIr.de/projekfim_de.html; EEA http://www.eea.europa.eu/data-and-
maps/data/green-urban-areas-within-urban-morphcdbgiones-2000-version-12-2005) The  CLC2000
covers several types of land uses for all Europdt#es, but is on a relatively rough resolution 10£00.000
(QUELLE: DLR). The GUA data only includes informai on green urban spaces, but is on a higher
detailed resolution of 1:50.000 (QUELLE: EEA). larabining these two geodatasets, the regional simreict
of urban green infrastructure can be covered iaildet

One important innovation in the analysis condudtexk is the coding scheme of green infrastrucBased
on the definition of urban green spaces as a n&timfmastructure, a GlS-based indicator was dewedot
builds on a 300 meter buffer around the green ugpages that can be identified by a union of th€2000
and the GUA. The buffer is related to the settlein@@aa of the urban fabric that can be accessdihégr
distance.

UMZone

settlement area

- green urban area

municipality

Ennepe-Ruhr-Kreis

0 2 4 6 8 10 kilometer
L 1 1 1 ! |

Fig. 1: Elements of Urban Greenness. Own calculatimap source: Urban Audit, CORINE Land Cover 2@@en Urban Areas.
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Figure 1 gives an idea of the approach for the @itiportmund in Germany. For all cities that remairthe
data set, the GIS indicator is calculated as faitow

settlement area within a 300m radius (.as
the crow flies") around urban green spaces
.Greenness" =

total urban settlement area

The main motivation for this kind of accessibilitydicator is to get a more sophisticated picturethef
regional setting of green urban spaces. By usivglking distance (approx. 15 minutes) buffer arourtzhn
green spaces, the greenness indicator measuramthent of settlement area, which lies within angaée
distance for the local inhabitants. So the qualftthe green spaces as an infrastructure thatid lng people
comes in the fore. To get an idea of the relevaftkis greenness indicator, it is contrasted wisttandard
ratio (share of green areas to share of settleareas) and also taken into calculation.

Variable Dimension classification Mean
Average housing rents Euro socio-economic 818
endogenous

GNP (Nuts-3) per capita Euro socio-economic / $tmad | 26.657

Population Density people per squarsocio-economic / structural  2.620
kilometer

Settlement 1 - 9 classification amenity 4,951

Coast 0 - no coast, 1 - coast amenity

Greenness percentage points amenity 77,23

Table 1: Variable description

The implementation of the GIS approach cuts baelstimple size further. This is because the GUAsttat

is only available for Urban Morphological Zones.eYhare defined as connected settlement areas a mor
than 100.000 inhabitants (European Environment Age?007). So, some small cities with a diverse
settlement structure are not covered by the GUA dverall sample size consists of 142 Europeaasciti
several countries (Figure 2).

‘E;: g.. .o: e
D -.;':f..’..s o
.. e T . Urban Audit Cities - Sample

Fig. 2: Sample of European cities
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5 EMPIRICAL RESULTS

The regressions base on the standard linear fonm.ig supported by the results of a box-cox seawtich
indicates on the linear equation as the best ditfumctional form. The results show a high explanat
power and are - by means of a Reset-test and fmstsormality - suitable for an OLS approach. The
standard errors and p-value are calculated usingetaroscedasticity and autocorrelation consistent
procedure.

The empirical results show two interesting aspects.

First, the GIS approach for the greenness indiqatmres to be a powerful and efficient way of mimg the
network structure of urban green spaces. When congp®lodel 1 and 2 - which only differ in the wayet
green infrastructure is calculated - it becomesals; that the influence of Gl is rather more caewplBy
just putting the ratio of green area to settlenrsmeia into account, the regression model 1 indicaltes
urban green has no significant impact on housimgegr It would therefore not be seen as a compoofent
regional quality of life and compatibility. But, icontrast, by encoding the accessibility of Gl, elo#@
clearly point out, that urban greenness does indeme a significant impact on the regional housing
markets.

N = 141 cities

coefficient | standard error z-value p-value
(intercept) 5081.000 1167.200 4.353 0.000 ok
GDP_Nuts 0.198 0.027 7.429 0.000 ok
population density 0.243 0.165 1.477 0.140
share of green 4.012 13.371 0.300 0.764
settlement structure -152.100 85.037 -1.788 0.074
coast line 984.500 589.850 1.669 0.095
D Belgium -9041.000 695.200 -13.005 0.000 ok
D Denmark -1935.000 2420.200 -0.800 0.424
D Estonia -3064.000 622.840 -4.919 0.000 ook
D Spain 884.700 768.320 1.151 0.250
D Hungary -1599.000 878.800 -1.820 0.069
D Romania -3917.000 967.190 -4.050 0.000 ok
D Sweden 1373.000 3821.800 0.359 0.719
D Slovakia -1202.000 1738.100 -0.692 0.489
Signif. Codes 0 ek 0.001 il

0.01 * 0.05
[1] HC consisent standard errors
Adjusted R2 0.7213
F-statistic: 29.07 on 13 and 128 DF,

p-value: 0.000

Model 1: Housing price regression - Green Ratio

The information on the settlement structure andcthrenection to a coastline prove to be not sigaific but
they stabilize the result and together with the les@t of variables they fit in the model as a whoas the
F-statistic indicates. While the dummy variableptaee effects of country-specific differences, thsults

for the variables GDP and population density asdsted data show the expected impact on regional: QoL
the more income is generated and the more dengeis, ¢the more it is valued by the average haesger.
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N = 141 cities
coefficient | standard error z-value p-value
(intercept) 1460.700 1649.000 0.886 0.376
GDP_Nuts 0.191 0.026 7.438 0.000 ik
population density 0.325 0.158 2.058 0.040 *
urban greenness 46.960 16.858 2.786 0.005 *x
settlement structure -139.680 83.692 -1.669 0.095 .
coast line 1226.500 540.110 2.271 0.023 *
D Belgium -9033.900 552.880 -16.340 0.000 ik
D Denmark -1784.300 2868.600 -0.622 0.534
D Estonia -3095.300 577.680 -5.358 0.000 ok
D Spain 865.160 787.990 1.098 0.272
D Hungary -1449.800 790.840 -1.833 0.067
D Romania -4010.900 966.680 -4.149 0.000 ok
D Sweden 803.910 3351.500 0.240 0.810
D Slovakia -1240.300 2360.600 -0.525 0.599
Signif. Codes 0 k! 0.001 fk?
0.01 o 0.05
[1] HC consisent standard errors
Adjusted R2 0.7363
F-statistic: 31.29 on 13 and 128 DF,
p-value: 0.000

Model 2: Housing price regression - Greenness

Urban Greenness, as the centre of this analysidemgified as an amenity that is valued by inreti of
European city regions. In relation to the “otherfluences the impact seems relatively moderata,cmnge
in the greenness by one percentage point raises/érage housing price by 46,96 EUR.

Nevertheless, the impact is in its amplitude corapler to the other structural variables. As easdy be
assessed by the coefficients of the dummy varialhesfairly straightforward regression setting ldobe
augmented with more detailed variables.

6 CONCLUSIONS

The major conclusion for the analysis of the Qopeass of urban green infrastructure is very impurta
Green urban spaces are not only valued on a loa# s1s other studies showed. It also is a compafen
regional quality of life levels of European cities.

Therefore, city planners should be aware of the, féat reusing green spaces for residential omiss
purposes is not always the right answer. To faberrelative position of a city in the interurbampetition
it is not only the quality for businesses that magacts on the liveability of cities. Green infrastture as a
network of places to use for leisure, recreatiofuet to look at impacts on the perception of @fybeing
“green” or “red” (e.g. dominated by urban fabri€p, when thinking of a planning concept for a cotiipe
city, it should always be kept in mind, that gréean amenity.

Further research has to focus in a more detailddsamctured coding of urban greenness. For exartipe
types of different green spaces could be diffeateti further and then be implemented in to the QoL
analysis. The second and equal important issubeisuse of a broader indicator set for European city
structures and amenities. The ongoing improveménthe Urban Audit seem very promising in this
direction.
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