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bstract

Urban green spaces have important amenity values that include provision of leisure opportunities and aesthetic enjoyment. However, most of
hese values lack a market price. Consequently, they are usually ignored or underestimated by urban planning policy-makers, with the result that
emnant urban green spaces are being gradually encroached upon by urban sprawl. As a result, quantitative information regarding the implicit,
on-market price benefits from urban green space is urgently required. Properties bought and sold on the market are compound commodities that
mbody amenity values and people are willing to pay to live in the proximity of local amenity environment. Thus hedonic models, which use
uch properties as proxies, can often be employed to quantify environmental amenities. In China, residential housing reform (in place since 1998)
as terminated the traditional residential welfare system, and made it possible to quantify the monetary value of green space amenities based on
edonic pricing models. This study was conducted in Jinan City, and will help address the previous absence of the application of hedonic price
odels to the valuation of urban green space amenities in mainland China. GIS and landscape metrics were used in determining hedonic price
odel variables. As expected, the results proved that the hedonic pricing model performed well using this approach, and accordingly it was further

mproved. Results also confirmed the positive amenity impact of proximate urban green spaces on house prices, and highlighted the preferences
f homeowners in Jinan City. Green space amenity variables that were statistically significant at the 5% level included the size–distance index of

cenery forest, accessibility to park and plaza green space types, and the percentage of urban green space. In addition, land-use patch richness, the
ocation sector and the education environment also proved to be highly significant variables. The results of the study should provide insights to
olicy-makers involved in urban planning.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The development of environmental awareness has resulted
n a strong demand by urban residents for green space for var-
ous purposes, including aesthetic enjoyment, recreation, and
ccess to clean air or a relatively quiet environment (Miller,
997; Tyrväinen and Miettinen, 2000). However, amenity val-
es attached to urban green spaces are non-market price, envi-

onmental benefits (Robinette, 1972; Grey and Deneke, 1978;

iller, 1997; Tyrväinen and Väänänen, 1998) that cannot be
irectly traded on an open market (More et al., 1988; Sengupta
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ormation system; Landscape metrics

nd Osgood, 2003). In the absence of an explicit market price for
unit of environmental amenity, the benefits are usually ignored
r underestimated by urban planning policy-makers, with the
onsequence that remnant urban green spaces have shrunk in
ize and have been gradually encroached upon by urban devel-
pment and sprawl (Lockeretz, 1989; English et al., 1990; Leiva
nd Page, 2000). Such conflicting trends raise the need for green
pace protection and allocation, which in turn requires estimates
f the recreational value of green spaces. Consequently, proxy
easures for how the amenities are perceived must be developed.
The determination of the value to society of such non-market
riced recreation resources is not a new concept to economists
Price, 2000). Several methods such as travel cost models, the
ontingent valuation method, and hedonic pricing models have
een developed, and were improved in recent decades.

mailto:fanhuakong@163.com
dx.doi.org/10.1016/j.landurbplan.2006.02.013
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Travel cost models have been widely used to determine the
nvironmental value of recreation resources. The basic premise
f the travel cost method is that the time and travel expenses that
eople spend to visit a site represent the “price” of access to the
ite. Travel cost models are appropriate when people travel vari-
us distances to reach a recreation resource. Although they have
een used in urban situations (Dwyer et al., 1983; Peterson et al.,
983), they are generally not thought to work well for neighbor-
ood recreation resources because of the very small differences
etween users in distance traveled (More et al., 1988).

Contingent valuation method is the most prevalent method
sed to estimate an economic value for environmental goods. By
reating a hypothetical market in which individuals can express
heir willingness to pay for an environmental good, contin-
ent valuation method employs survey techniques to ask people
bout the amount they would pay for non-market commodi-
ies if markets did exist (Mitchell and Carson, 1989; Tyrväinen
nd Väänänen, 1998; Xu et al., 2003). However, because the
esponses do not involve actual market purchases, a distinct
rawback of this method is that responses are based on hypo-
hetical rather than actual behavior (Tyrväinen and Väänänen,
998).

Since the application of hedonic pricing model to environ-
ental economics found a statistically significant relationship

etween property values and air quality (Ridker and Henning,
967), economists have paid increasing attention to the informa-
ional content of house prices (McLeod, 1984; Geoghegan et al.,
997). Property is a complicated commodity with many dimen-
ions, and differences in the selling prices of houses will be dic-
ated by a number of factors, including the quality of the housing
tructure, neighborhood characteristics, accessibility to the cen-
ral business district, as well as the environmental (dis)amenities
ssociated with the property. Hedonic pricing models use a mar-
et good (the house) as a proxy, within which a non-market good,
uch as an environmental (dis)amenity, is implicitly traded. They
ave been frequently applied in America after being devel-
ped by Rosen (1974) (McLeod, 1984; Cheshire and Sheppard,
995; Tyrväinen, 1997). Other empirical studies have also been
onducted in European countries (Garrod and Willis, 1992;
yrväinen, 1997; Tyrväinen and Miettinen, 2000). Urban green
paces produce benefits that presumably make a neighborhood a
ice place in which to live, and these benefits are reflected in the
rices of surrounding properties. Consequently, the amenity of
rban green spaces could be valued in monetary terms accord-
ng to how much people pay for such benefits in their housing.
y using hedonic pricing model, the value of an environmental
menity can be estimated from the prices of related actual mar-
et house transactions. The method is usually termed a “revealed
reference method” in order to distinguish it from the stated pref-
rence methods such as contingent valuation method, which are
ased on intended rather than actual behavior (More et al., 1988;
yrväinen and Miettinen, 2000).

In recent decades, the development of geographic informa-

ion systems (GIS) has gradually made hedonic pricing model
powerful tool, but at present, it is still underutilized in urban

nd environmental economics (Brasington and Hite, 2005). The
ommon dictum that location is the most important parameter for
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eal estate valuation can only be fully taken into account by using
he descriptive framework of a GIS. One of the most basic advan-
ages of a GIS is to position properties on a local map in terms
f their geographic coordinates (Din et al., 2001). Spatial statis-
ics within a GIS, based on digitized remote sensing data, have

ade possible the development of accurate, consistent, and unbi-
sed explanatory variables, such as accessibility to public green
paces, in a fast and efficient manner. These can then be used to
easure the environmental characteristics of properties better,

ncreasing the understanding of house pricing variations as com-
ared to previous studies (Wyatt, 1996; Can and Megbolugbe,
997; Geoghegan et al., 1997; Lake et al., 2000; Brasington and
ite, 2005). Supported by GIS, landscape ecology has expe-

ienced unprecedented rapid development since the mid-1980s
Wu et al., 2000). The creation and development of landscape
etrics by landscape ecologists have made quantification of spa-

ial structure possible. Joint ecological and economics modeling
ased on GIS will potentially make a large contribution to the
aluation of environmental amenities and the understanding of
uman impacts on urban ecosystems (Geoghegan et al., 1997).

To date, hedonic pricing models have not been used to eval-
ate implicit prices for the amenity of urban green spaces in
ainland China, nor for any other non-priced environmental

esources associated with house prices. This was mainly the
esult of the previous real estate market system. In the traditional
esidential welfare system, the state, rather than the individual,
eld rights to houses. The old system restricted the sale of res-
dential houses in the market as real goods. It was impossible
o access and verify house transaction prices. Thus far, quan-
itative research regarding urban green space amenities based
n hedonic pricing models has been limited (Wang and Huang,
005). However, the nature of welfare housing (Fu Li Fang) has
een fundamentally changed since economic reform under the
olicy of “housing monetarization” (Shang Pin Fang), which
as promulgated in 1998 (Zhu and Guo, 2004). Since then,
ousing has been sold under free market conditions with con-
umers given the right to enter the residential market and choose
ousing attributes depending on their taste (Yang, 2001; Wang
nd Huang, 2005). This provides an opportunity to conduct a
tudy and fill the gap in this research field in mainland China
y developing and performing a hedonic pricing estimation of
he benefits deriving from urban green space amenities. How-
ver, the Chinese residential market is in embryonic form, and
eeds to be further improved. For example, work units (Dan
ei) bought commodity housing for subsequent allocation to

heir workers still existed. In 2000, only 87.29% of total was
old to the end users (China Statistics Bureau, 2000). In addition,
ousing prices are a business secret for real estate developers,
ho do not want to make public details of housing transactions.
ence, data collection regarding house prices remains difficult.

n this paper, real estate transaction prices were captured only
or the year 2004 in Jinan City. Based on the hedonic pric-
ng model, we attempted to indirectly evaluate the amenity of

rban green spaces. At the same time, implicit prices for other
nvironmental characteristics related to housing, such as the edu-
ational environment and environmental disamenities, were also
stimated.
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ln P = α + Eβ + Gγ + Lη + ε (3)
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This paper is structured as follows: in Section 2 theoreti-
al models of hedonic pricing method are developed, including
inear and semi-log models; Section 3 describes the data and
xplanatory variables; in Section 4 the valuation technique is
pplied to the amenity of urban green spaces and the benefits
re estimated; finally some conclusions are drawn in Section
. The main objectives of this study were to: (1) attempt to
pply hedonic pricing models to the valuation of urban green
pace amenities in Jinan City; (2) search for suitable variables in
edonic models using GIS and landscape metrics; (3) present the
onetary value of urban green space amenities to urban planners

nd decision-makers for optimizing urban development projects
nd greening planning. The results of this paper constitute the
rst empirical study in mainland China about quantitative valua-

ion of urban green space amenities based on the hedonic pricing
odels.

. The hedonic pricing model

Before obtaining estimates using the hedonic pricing model,
he form for the hedonic price function must be chosen. Hous-
ng is not a homogeneous commodity (McLeod, 1984). A house
uyer purchases both a dwelling and a set of site character-
stics. The price at which a house is traded is determined by

host of factors: housing structure, location, neighborhood,
nd environmental characteristics. The household must find
he dwelling with the best combination of features at the best
rice (O’Sullivan, 2002). The implicit prices of spillover ben-
fits from the neighborhood or environmental characteristics
an be inferred based on the hedonic hypothesis (Rosen, 1974).
onsequently, the traditional hedonic pricing model takes the

ollowing form:

= f (x1, x2, . . . , xn) (1)

here P is the market price of the housing and x1, x2, . . ., xn

re the characteristics contained in the property. These char-
cteristics can be categorized into three broad groups of vari-
bles. Structural variables relate to the direct characteristics of
he property; accessibility variables define the ease with which
menities can be reached from the property; and neighborhood
nvironmental characteristics variables describe the quality of its
urroundings, such as industrial pollution and indicators regard-
ng the type and structure of land-use (Freeman, 1993; Lake et
l., 2000). In this paper, 17 variables were chosen in the con-
truction of hedonic price indices. The variables, with detailed
escriptions, can be found in Table 1.

The hedonic pricing model employed in the evaluation of
ecreation resources typically uses multiple regression tech-
iques to relate property price details to diverse characteristics
f differing properties, and to sort out the different contributions.
any economists have stressed that economic theory does not

uggest an appropriate functional form for hedonic price equa-

ions (Rosen, 1974; Freeman, 1979; Halvorsen and Pollakowski,
979; Cassel and Mendelsohn, 1985). Consequently, it is rea-
onable to try several functional forms and utilize a multiple
egression equation (Cassel and Mendelsohn, 1985). Halvorsen
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nd Pollakowski (1979) recommended the use of the Box–Cox
exible functional form in hedonic analysis, which would mea-
ure best performance with goodness-of-fit. This functional
orm is commonly applied in the hedonic literatures (Kau and
irmans, 1979; Shultz, 2001; Smith et al., 2002). However,
assel and Mendelsohn (1985) have pointed out a drawback of

his methodology: that using a best-fit criterion to choose func-
ional forms does not necessarily lead to more accurate estimates
f characteristic prices. Following previous studies (Grether and
ieszkowski, 1980; Acharya and Bennett, 2001; Des Rosiers et

l., 2002), this paper employs common functional forms (lin-
ar and semi-log linear hedonic price functions) with multiple
egression analysis.

.1. Linear model

The linear hedonic model estimated in this paper is as follows:

= α + Eβ + Gγ + Lη + ε (2)

here P is an (n × 1) vector of mean housing cluster prices;
is an (n × 1) matrix of neighborhood environmental charac-

eristics; G is an (n × 1) matrix of accessibility characteristics
spatial character measured by GIS); L is an (n × 1) matrix of
andscape indices (spatial character measured by landscape met-
ics); α, β, γ , and η are associated parameters vectors; and ε is an
n × 1) vector of random error terms. The notation in the above
quation is slightly different from that in Eq. (1), with inde-
endent variables grouped into three types. Table 1 provides a
etailed description of each variable used in the hedonic pricing
odel. The modeling procedure involved entering all variables

f a specific group into an ordinary least squares regression,
nd examining the adjusted R2. The analyzed results are shown
n Table 2. However, as Rosen (1974) points out, there is no
eason to expect the relationship between the price and the envi-
onmental variable to be linear. In fact, non-linearity is to be
xpected, because purchasers cannot treat individual housing
ttributes as discrete items from which they can pick and mix
ntil the desired combination of characteristics is found (Garrod
nd Willis, 1992; Morancho, 2003). Thus, semi- or double-
ogarithmic specifications are frequently formulated, although
inear models are still in use because of the ease with which the
arameters can be interpreted (Acharya and Bennett, 2001; Des
osiers et al., 2002; Hunt et al., 2005).

.2. Semi-log model

In this paper, the semi-log model was specified by a natural
og transformation of the housing price in the hedonic regres-
ions. The model is as follows:
n addition to the direct linear and semi-log regression model-
ng (Table 2), another analysis was performed using a stepwise
egression technique in the SPSS software to eliminate collinear
ariables (Table 3).
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Table 1
Variable descriptions and their expected effects on house transaction prices

Independent variable Description Expected signa

S-DPARK A measure of the integrated impact of the nearest park size (Spa) and straight-line distance from the property to
the boundary of the nearest park (Dpa), S-DPARK = ln(Spa/Dpa)

+

S-DPLAZA A measure of the integrated impact of the nearest plaza size (Spl) and straight-line distance to the boundary of the
nearest plaza (Dpl), S-DPLAZA = ln(Spl/Dpl)

+

S-DSCEN A measure of the integrated impact of the nearest scenery forest size (Ssc) and straight-line distance to the
boundary of the nearest scenery forest (Dsc), S-DSCEN = ln(Ssc/Dsc)

+

TYPEGR Type of the nearest urban public green space. Plaza, park, and scenery forest are weighted with 1, 2, and 3,
respectively

+

ACPARK A measure of the ease of accessibility to a park; accumulated time cost from the centroid of the housing cluster
to the nearest park (in min)

−

ACPLAZA A measure of the ease of accessibility to a plaza; accumulated time cost from the centroid of the housing cluster
to the nearest plaza (in min)

−

ACSCE A measure of the ease of accessibility to a scenery forest; accumulated time cost from the centroid of the housing
cluster to the nearest scenery forest (in min)

−

ACCBD A measure of the ease of accessibility to the CBD; accumulated time cost from the centroid of the housing
cluster to the central business district (in min)

−

PLGR A measure of percentage of the landscape that is urban green space in a 300 m radius window, indicating the
greening ratio of the housing cluster, PLGR = Pg =

(∑n

j=1agj/A
)

× 100, where agj is the green space area of
patch j, and A is the window size

+

NPGR A measure of the fragmentation of urban public green spaces in a 500 m radius window. NPGR = Ng, where Ng is
the total number of green space patches in one window

?

PRGR Patch richness of the neighboring urban public green spaces in a 500 m radius window, PRGR = m, where m is
the number of urban green spaces (classes) present in one window

?

AIGR A measure (in %) of aggregation of public green spaces in a 500 m radius window, AIGR = (gii/max gii) × 100,
where gii is the number of like adjacencies (joins) between pixels of public green spaces (i); max gii is the
maximum number of like adjacencies (joins) between pixels of public green spaces (i), based on the single-count
method

?

NPLA A measure of patch density of the neighboring land-use in a 500 m radius window, NP = Nl, where Nl is the total
number of land-use patches in one window

?

PRLA Patch richness of the neighboring land-use in a 500 m radius window, PRLA = m, where m is the number of
land-use patch types (classes) present in one window

?

EDM A measure of environment disamenity, EDM = (n/d) =
(
n2/

∑n

i=1di

)
, where n is the number of factories

within a 1000 m buffer, di is the distance from the centroid of the housing cluster to factory i; or EDM = 1/D,
where D is the nearest distance from the centroid of the housing cluster to a factory when there is no factory
within the 1000 m buffer

−

EE A measure of education environment, EE = (n/d) =
(
n2/

∑n

i=1di

)
, where n is the number of universities

within a 500 m buffer, and di is the distance from the centroid of the housing cluster to university i; or EE = 1/D,
where D is the nearest distance from the centroid of the housing cluster to a university when there is no
university within the 500 m buffer

+

DLOC A measure of the location sector of housing cluster. The samples are divided into four parts: north, west, east,
and south and weighted with 1, 2, 3, and 4, respectively

+
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a + and − represent increasing and decreasing effects (respectively) on the hou
etrics are based on McGarigal et al. (2002).

. Data and defining explanatory variables

The characteristics or variables to be included in the esti-
ates must be determined before obtaining such estimates using

edonic pricing model. This decision may involve recognition
f relevant variables that are omitted from the analysis and deter-
ination of how to capture the chosen variables (Cheshire and
heppard, 1995).

.1. House price and structure characteristics data
This study was conducted in Jinan City, the capital of Shan-
ong Province in China. Jinan City has experienced dramatic
opulation growth (from 3.19 million in 1952 to 5.75 million
n 2002) and has sprawled greatly in the last 50 years. Built-

s
a
m
m

saction price; ? indicates an apriori undetermined sign. Definitions of landscape

p areas have expanded from 24.6 km2 in 1949 to more than
90 km2 in 2003 (Jinan Statistics Bureau, 2003). Jinan City owns
total of approximately 105.6 km2 public green spaces (classi-
ed as scenery forests, plazas, and parks) (Kong and Nakagoshi,
005), amounting to about 19.62% of the total study area. There
re comparatively few public green spaces in the built-up area,
nd the majority (91.1%) are found in the urban fringe, espe-
ially on the south and southeast hills. Jinan City is known as
City of Springs” for there are at least 72 famous springs in the
ity. The sources of these springs are the southern and south-
astern scenery forest areas (Fig. 1). Hence, conservation of the

outhern and southeastern scenery forest is a key issue (Kong
nd Nakagoshi, 2005). However, green space amenities attract
igrants, and the rapid urban development has encroached on
uch of the urban green space in recent decades, especially in the
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Table 2
Regression results of linear model and semi-log model, dependent variable: in price

Independent variable Linear model (R2 = 0.691, adjusted
R2 = 0.642)

Independent variable Semi-log model (R2 = 0.698,
adjusted R2 = 0.650)

Coefficients t-Ratio Coefficients t-Ratio

Constant 4205.716 3.602 Constant 8.436 24.365
S-DPARK 43.309 0.753 S-DPARK 1.837E−03 0.108
S-DPLAZA 213.253 1.894 S-DPLAZA 4.612E−02 1.382
S-DSCEN 86.160 1.479 S-DSCEN 1.873E−02 1.084
TYPEGR 280.159 1.562 TYPEGR 1.539E−02 0.289
ACCBD −22.226 −1.222 ACCBD −6.023E−03 −1.117
ACPARK −11.873 −0.368 ACPARK −1.137E−02 −1.189
ACPLAZA −37.478 −1.074 ACPLAZA −9.529E−03 −0.921
ACSCE −15.937 −0.622 ACSCE −7.304E−03 −0.961
PLGR 62.326 4.537 PLGR 2.030E−02 4.983
AIGR 5.403 1.356 AIGR 1.876E−03 1.588
NPGR 429.778 2.971 NPGR 0.138 3.228
PRGR −1130.393 −2.922 PRGR −0.351 −3.061
PRLA −377.081 −4.088 PRLA −0.118 −4.317
NPLA −4.129 −0.662 NPLA −2.720E−03 −1.471
DLOC 194.435 2.078 DLOC 7.476E−02 2.695
E
E

s
p
b
e
f
g
i

o
v
h
a
y
b
h
w
b

t
1

a
w
d
e
s
i
w
h
s
s

T
R

I

C
S
P
P
A
E
D
A
T
S

E 69.402 2.640
DM −18.518 −0.796

outhern scenery forest area. Proper management is needed to
revent encroachment onto green spaces and to reallocate them,
ut optimizing the spatial pattern of urban green space requires
valuation of the economic values of urban green spaces. There-
ore, quantitative information in monetary terms concerning
reen space benefits is urgently needed for future urban planning
n Jinan City.

Housing prices have fluctuated considerably since reform
f the real estate market in 1998, so the data collection sur-
ey was only carried out in August, 2004. All the surveyed
ouses were built between 2003 and 2004, and sold in 2004,
t a time when local house prices were most stable. A single
ear of data was used to avoid problems with time variations,

ut this resulted in a relatively small sample. In the end, 124
ousing clusters were selected. The housing clusters are located
ithin the urban area and compared by roads, and are often built
y a single real estate developer, with varying basic infrastruc-

t
p
s
h

able 3
egression results after eliminating collinear variables, dependent variable: in price

ndependent variable Linear model (R2 = 0.648,
adjusted R2 = 0.620)

Coefficients t-Ratio P-value

onstant 3735.850 4.666 0.000
-DSCEN** 141.094 3.275 0.001
RLA** −417.878 −5.319 0.000
LGR** 63.546 4.997 0.000
CPLAZA* −51.631 −1.737 0.085
E** 71.813 2.964 0.004
LOC* 155.359 1.746 0.084
CPARK −32.087 −1.379 0.171
YPEGR** 370.239 2.313 0.022
-DPLAZA* 188.579 1.760 0.081

* Indicates statistical significance at the 10% level.
** Indicates statistical significance at the 5% level.
EE 1.722E−02 2.208
EDM −4.246E−03 −0.616

ure and public services (Ministry of Construction, PR China,
998).

At the start of the study, variables relating to structural char-
cteristics were designed, including the age of the house, and
hether it had gas, internet, bathroom, or heating, as has been
one by most previous researchers (McLeod, 1984; Des Rosiers
t al., 2002). However, a particular weakness of the house price
urvey was that only limited information was available regard-
ng differences between property structures. These properties
ere constructed in the last two years, and those from the same
ousing cluster were built by the same real estate developer. Con-
equently, the surveyed properties are likely to exhibit structural
imilarities, not only in terms of their age but also in terms of

heir layout and interior and exterior design features. In general,
roperty structure characteristics appear to differ mostly with
ize. Some related papers have demonstrated that property size
as a positive relationship with selling price (McLeod, 1984;

Independent variable Semi-log model (R2 = 0.673,
adjusted R2 = 0.647)

Coefficients t-Ratio P-value

Constant 8.172 37.838 0.000
S-DSCEN** 4.919E−02 4.094 0.000
PRLA** −0.123 −5.084 0.000
PLGR** 2.055E−02 5.702 0.000
ACPLAZA* −1.849E−02 −2.571 0.011
DLOC* 6.295E−02 2.529 0.013
ACPARK −1.642E−02 −2.405 0.018
EE** 1.841E−02 2.648 0.009
NPGR** 0.139 3.283 0.001
PRGR** −0.192 −2.780 0.006
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Fig. 1. The study area and geographic

yrväinen and Miettinen, 2000; Morancho, 2003). The major
ocus of this investigation was not to search for a comprehen-
ive explanatory model of house price determination, but rather
o demonstrate the contribution of urban green space variables.
herefore, variables relating to house structural characteristics
ere dropped from the final analysis, and the real transaction
roperty price per square meter of each housing cluster was
hosen to be the dependent variable in the final model. Thereby,
he property location in this paper was the geometrical center
f each housing group and was determined by GIS. A map of
he study area including the location of the sample properties
hows that most properties are located within the contiguous
uilt-up area of Jinan City, with relatively few in its peripheral
rea (Fig. 1).

.2. Neighborhood environmental characteristics data

The set of explanatory variables relates to the neighborhood
nvironmental attributes of the properties, including urban green
pace, education environment, and environmental disamenities
e.g., industrial pollution).

To evaluate the effect of an amenity on the selling price of
given house, previous studies generally have regressed vari-

bles that define urban green space characteristics, such as type
f green space, the distance from the property to the nearest
reen space, and the size of the nearest green space (Tyrväinen

nd Miettinen, 2000; Morancho, 2003). Different types of urban
reen space may influence housing prices, which should be taken
nto consideration in models (Tyrväinen and Miettinen, 2000).
ere, the main urban green space types were divided into three

g
t
a
(

ibution of the 124 sample properties.

ategories (plaza, park, and scenery forest) and weighted (with
, 2, and 3, respectively) according to their expected amenity
ffect. That is, more highly weighted green space is expected to
ave a positive and higher impact on housing sale price. When
size variable for the nearest urban green space was chosen, the
uestion of spatial pattern (with the exception of green space
ype), was usually ignored. However, particularly uneven dis-
ribution patterns of property and green space may influence
he analysis results. For example, as shown in Fig. 2(a), the
earest urban green space to properties H1 and H2 is the same
S). If the other variables effecting housing price are ignored,
he price of H1 would be the same as that of H2. But in fact

2 has a higher price than H1, because the effects of amenity
n the house sale price are in accordance with the general dis-
ance decay theory, as shown in Fig. 2(b) (Can and Megbolugbe,
997; Donnelly, 2005). Including both the distance to and the
ize of the nearest green space as independent variables in the
edonic model would result in a biased estimation. Suitable
ransformation of the two variables was therefore needed before
onducting the regression modeling. Consequently, an interac-
ion term, the “size–distance index”, was developed as ln(S/D),
here S is the size of the nearest green space and D is the
istance to the nearest green space. This index was incorpo-
ated in and added to the hedonic pricing model to estimate the
menity effect for proximity to a certain size green space, allow-
ng the effect of distance to vary with the size of the relevant

reen space. The size–distance index was classified into three
ypes: S-DSCEN, S-DPARK, and S-DPLAZA, and they were
ll assumed to have a positive impact on the housing sale price
Table 1).
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ig. 2. (a) Description of the possible influence of distance to the nearest urban
roperties; (b) distance–price relationship in accordance with the general distan

Schools are an important local public service that affects
ouse prices (Goodman and Thibodeau, 1998; Haurin and
rasington, 1996). It is a common belief that people consider

he education environment when buying a new house, and many
esearchers have found that property values are higher where the
ducation environment is better (Hanushek, 1986; Brasington
nd Hite, 2005). In this study, universities were chosen as a
roxy to perceive the effect of the education environment. It
as focused on the amenity effect related to distance from the
earest university to a given property and the university density
number of universities) within a specified distance surrounding
he property. Thus, there is a premise in this part of the analy-
is that all universities are of the same quality. The interaction
roxy variable of education environment, calculated using spa-
ial statistics, was adapted to measure the impact of the education
nvironment. Education environment was defined as the number
f universities within 500 m buffer around each housing group,
ivided by the mean distance. If there was no university within
500 m buffer, the reciprocal of the nearest distance was chosen

Table 1).
In contrast to the positive effect of amenities, pollution such as

he “three wastes” (waste gas, waste water, and waste residues)
ischarged by industry would impinge directly on the surround-
ng inhabitants and result in disamenity effects to the proximate
roperties (Adler et al., 1982; Schulze et al., 1986; Brasington
nd Hite, 2005). Previous research has generally found a sta-
istically significant price–distance relationship regarding the
isamenity effects of these sites (Michaels and Smith, 1990).
owever, usually not only the distance but also the density of

he industry surrounding a property will affect the housing price.
onsequently, a proxy variable for the environmental disamenity
f industrial pollution was developed that has an analogy with
he education environment, except that the window size was a
000 m radius (Table 1).

Location sector differences also appear to have an impact on

esidential prices. The study area was divided into four sectors
ased on their different development histories, land-use com-
ositions, and urban functions, as designated in the Jinan City
aster planning 2004–2020 (Jinan Planning Bureau, 2004). A

c
i
w
G

n space on the housing price, caused by the spatial pattern of green spaces and
cay theory.

urvey of households in Jinan City, conducted by Zhang and
ang (2003) and Sun (2005) found that most consumers would

refer residences in the south and east rather than in the west
nd north. The four sectors (north, west, east, and south) were
iven weights of 1, 2, 3, and 4, respectively. If these weights are
ccurate, positive regression coefficients can be expected.

.3. Spatial characteristics data

.3.1. Accessibility variables
Accessibility variables define the ease with which local

menities can be reached from a property (Lake et al., 2000).
n this study, the measure of accessibility was the calculated
ccumulated travel time (min) from each property to each of the
ublic green spaces and the central business district by public
us or on foot along various road types. A GIS-based spatial
nalysis provides a powerful means of determining the accessi-
ility variables.

The first stage in calculating accessibility was to generate a
and-use map of the study area from remote sensing data (2004
pot Images, 10 m, 4 bands), which included the road (Fig. 1)
nd walking networks; a vector topographic map (1:10 000)
reated in 2000 was used as a reference. Road network land-
se types were defined as arterial road, secondary truck road,
ranch road, and path; and walking network land-use types were
efined as river/water, mountains, and others (Table 4). The next
tage involved transforming the land-use map to grid data of
0 m resolution and assigning different impedance values to the
rid cells (named cost-distance) to depict the time cost to travel
0 km along different land-use types by public bus or on foot
Table 4). For the road network, the cost-distance was defined
s the time (min) it would take a public bus to travel between
ach property and the nearest public green spaces or central
usiness district. However, the walking network differs from the
oad network, because there are paths along which only walkers

an travel or roads unsuitable for pedestrians. Thus, the walk-
ng network cost-distance was estimated based on the possible
alking speed. The distance/cost weighted sampling tool in the
IS spatial analysis module was then utilized to calculate the
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Table 4
Definitions of travel speed and cost-distance (min/10 km) along different land-
use types

Land-use type Travel speed
(km/h)

Cost-distance
(min)

Road network Arterial road 30 20
Secondary truck road 25 24
Branch road 20 30
Path 15 40
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alking network River/water 0.75 800
Mountains 1.2 500
Others 4 150

ime it would take a public bus or a walker to get to the nearest
menities (green spaces or the central business district).

.3.2. Landscape metrics
Beyond the preceding traditional variables used to explain

roperty value, it was assumed that the spatial pattern (composi-
ion and configuration) of surrounding green space and land-uses
ould also affect the housing sale price. In the past two decades,

andscape ecology has become one of the most rapidly devel-
ping ecological fields worldwide. One reason is that it enables
patial pattern analysis through its extensive use of landscape

etrics (O’Neill et al., 1988; Gustafson, 1998; Li and Wu, 2004).
he spatial pattern quantified by landscape indices is related
ot only to ecological functions but can also reflect the socio-
conomic functions of the landscape. As Costanza et al. (1997)

t
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ig. 3. Green space richness around the property with 500 m radius window size wa
ethod.
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tate, the integration of economics and ecology is hampered by
he failure to include space in economic theories and models. The
oining of landscape ecology and economics would contribute to
he promotion of improved modeling approaches and relevant
echniques in the field of ecological economics. In this study,
n an attempt to capture the impact of green space and land-
se spatial pattern on the surrounding properties, six landscape
patial indices (percentage of urban green space-PLGR, patch
ichness of urban green space-PRGR, number of green space
atches-NPGR, aggregation of urban green space-AIGR, patch
ichness of land-use-PRLA, and number of patches of land-
se-NPLA) were added to the hedonic pricing model. All were
elected according to their presumed economic relevance. It was
oped that the spatial landscape metrics, which were character-
zed by differing richness, density, or aggregation, might add
xplanatory power to the hedonic function, and consequently
nrich the model. To capture these landscape metrics in a local
rea, a “moving window” analysis was conducted supported by
RAGSTATS (version 3.3), with window sizes of 300 and 500 m
adius (McGarigal et al., 2002). Thus, the composition indices
percentage of green spaces, patch richness of green spaces,
umber of patches of green spaces, patch richness of land-use,
nd number of patches of land-use; see Table 1 for descriptions)
ere spatially referenced which allowed their spatial variability
o be visualized (Fig. 3) (Kong and Nakagoshi, in press). There-
fter, a sampling tool in the GIS spatial analysis module was
sed to capture quantitative information at a window-size scale
round the property.

s quantified by patch richness metrics and obtained by the “moving window”
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Landscape patterns are scale-dependent (Wu et al., 2002), as
re the amenity impacts of urban green spaces or other land-
se types on housing prices (Geoghegan et al., 1997; Mitsch
nd Gosselink, 2000). However, most landscape indices are
ensitive to changes in scale (resolution or extent) (Turner et
l., 1989; Wu et al., 2000; Li and Wu, 2004). Consequently,
n this paper all indices (with one exception) were calculated
rom a fixed 500 m radius window to avoid scale effects in the
nalysis. The sole exception is the percentage of urban green
paces (PLGR), which was captured in a 300 m radius win-
ow. The percentage of urban green spaces includes not only
he three types of public green space but also the attached green
paces, such as residential green space, roadside green spaces,
nd riparian green space (Kong and Nakagoshi, in press). With
300 m radius window surrounding a property, percentage of

rban green spaces (PLGR) could indicate the greening ratio in
he housing group. Several trials were made to test the impact of
hanges in window size on the estimated results, and it proved
hat the 500 m radius window (300 m for percentage of urban
reen spaces) was appropriate to capture the amenity effect, as
xpected.

The land-use pattern is a major contributor to quality of life
nd thus influences the neighborhood housing price (Geoghegan
t al., 1997; Acharya and Bennett, 2001). The number of patches
nd richness, indicative of the fragmentation and diversity of
and-use at a certain scale (500 m radius window), were added
o the hedonic pricing model. The land-use dataset used in the
tudy area was reclassified into eight types (residential, industry,
ublic facility, traffic and road, green space, agriculture, water,
nd others) from the standard for classification of urban land-
se in China (Ministry of Construction, PR China, 1990), based
n the functions, land-use cover, and ownership. The impact of
and-use patterns on housing price is determined by how people
erceive a particular location, as well as by the scale chosen for
he analysis (Geoghegan et al., 1997). Higher diversity and frag-

entation of land proximate to residential housing may produce
egative effects on property values by introducing noise or light
ollution and negative visual impacts. On the other hand, these
ay have a positive impact by providing convenience, such as

lose proximity to shopping, work, and recreation. Conversely,
simple district marked mainly by residential uses may result

n a quiet and comfortable environment. Thus, due to the con-
icting effects, the sign (+ or −) of patch richness of land-use
PRLA) and number of patches of land-use (NPLA) remains
mbiguous (indicated with the sign “?” in Table 1) before the
edonic estimation is performed.

. Results

The results of the parameter estimates are presented in
able 2. The estimated coefficients generated using both the

inear and semi-log models exhibited signs in accordance with
xpectations. They provide a clear indication that the features

f urban green space do exert a significant impact on property
rices.

A particularly noteworthy result of the analysis is that the
mpact of aggregation of green spaces (AIGR) and number
Planning 79 (2007) 240–252

f green space patches (NPGR) are both positive. This result
s somewhat surprising because aggregation of green spaces
AIGR) presents the degree of aggregation, whereas number
f green space patches (NPGR) indicates the fragmentation
f public green spaces. This result can be attributed to the
cale chosen for this study. The 500 m radius window around
he property is sufficiently small such that all public green
paces, whether aggregated or fragmented, serve to increase the
alue of neighboring properties. Thus it can be concluded that,
iven the shortage of and resultant pressure on land in urban
reas, the insertion of green spaces (even if fragmented) and
n increase in the patch number will produce positive amenity
alues and be favored by people, indicating that this is a prefer-
ble approach for increasing green space in urban settings. In
ddition to aggregation of green spaces (AIGR), percentage of
reen spaces (PLGR) exhibited a powerful positive influence on
ousing prices, and the various size–distance indices also had a
ositive impact on house sale prices. In general, the decreased
ccessibility of public green spaces and central business district
ll have a relatively weak, but significant negative impact on
he property values. The positive price impact of green space
ypes (TYPEGR) indicates that various types of public green
pace with varying attributes differ in their impact on housing
rice. The spatial landscape metrics for land-use, patch rich-
ess of land-use (PRLA) and number of patches of land-use
NPLA), both demonstrate a negative impact on neighboring
ouse prices. The environmental disamenity (EDM) appears to
ave a weak but statistically significant relationship with house
rices, which confirms that nearby industrial pollutants depress
ouse prices.

Before making a detail interpretation of the estimated coef-
cients in Table 2, the model was improved by eliminat-

ng collinear variables and non-significant variables through
stepwise approach. The results of this estimation show that

ize–distance index of scenery forest (S-DSCEN), patch rich-
ess of land-use (PRLA), percentage of green spaces (PLGR),
reen space types (TYPEGR), and education environment (EE)
re all statistically significant at the 5% level (Table 3). The
atural logarithm of the selling price yielded a slightly better
unctional form for the dependent variable, which was slightly
mproved for two variables, that is, number of green space
atches (NPGR) and patch richness of green spaces (PRGR),
ntering the model, but on the other hand, the natural logarithm
f the selling price prevented the variables: green space types
TYPEGR) and size–distance index of plaza (S-DPLAZA), from
eing included in the model. The semi-log form is expressed as
elative rather than absolute implicit prices; consequently, it can
e used to give a flexible interpretation of the estimated coeffi-
ients (Des Rosiers et al., 2002). The findings can be summarized
s follows:

1) The constant is positive due to the base value of the proper-
ties, regardless of additional features. However, comparison

of the value of the constant (transformed to Chinese mone-
tary unit-RMB 3539.4) with the average housing price of the
124 samples (RMB 3465.3), indicates that the chosen vari-
ables in the hedonic pricing model yielded good explanatory
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power and also reflect the preferences of homeowners in
Jinan City;

2) The size–distance index of scenery forest (S-DSCEN)
revealed that proximity to scenery forest had a pos-
itive amenity impact, raising the house value by 5%
for each percentage increase in the index. However, the
other two size–distance indices (size–distance of park and
size–distance of plaza, S-DPARK and S-DPLAZA, respec-
tively) did not show significance even at the 10% level.
The higher attractiveness of scenery forest is not without
its drawbacks, as 90.5% of scenery forests are located in
the south and southeast of Jinan City, which is the source of
the springs such as Baotu Quan spring, and now negatively
impacted by encroachment and development;

3) The patch richness of land-use variable (PRLA) in a 500 m
radius was found to have a powerful and negative influence
on housing prices, indicating that people prefer to live in
a quiet and comfortable environment, with homogeneous
land-use in the immediate vicinity of their houses;

4) Properties with a higher percentage of green space area
(PLGR) within a 300 m radius have higher house values,
with each percentage point of green space adding about
2.1% to the price per square meter;

5) Accessibility to scenery forest (ACSCEN) was not sig-
nificant at the 10% level, whereas accessibility to plazas
(ACPLAZA) and parks (ACPARK) were significant at 5%
level. Accessibility to plazas displayed slightly higher sig-
nificance than accessibility to parks. A 1% improvement
in accessibility to plazas and parks will lead to an increase
in price per square meter of 1.8 and 1.6%, respectively. In
Jinan City, 93.5% of plazas and 70.2% of parks, but only
0.9% of scenery forest areas are located within the built-up
area; most of the latter are located in the south and southeast
urban peripheral area (Fig. 1). The convenient transporta-
tion within the built-up area makes it easier to access parks
and plazas than to access scenery forests. But, comparison
of parks and plazas revealed they differed mainly because of
the surrounding land-use type. The plaza designation defines
green spaces of an open type, most of which are located
near main roads (Fig. 1), whereas green spaces designated
as parks are always surrounded by walls or water, which will
form a serious barrier in terms of accessibility and reduce
their amenity effect;

6) The significant and positive impact of the location sector
(DLOC) proved that people would prefer to live in the south
and east rather than the west and north;

7) The positive significant impact of number of green space
patches (NPGR) further confirmed that increasing the patch
number of public green spaces raises the house value. How-
ever, the negative sign of patch richness of green space
(PRGR) indicates that increasing this type of public green
space within a 500 m radius around a property will depress
the house price. Greater richness of urban green space types

will bring more opportunity for recreation, but at the same
time will have negative effects on the residents living nearby,
such as noise, and neon lights at night. The richness effect
may also be related to the research scale;

n
a
a
t
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8) Finally, the positive price impact of the education envi-
ronment suggests people tend to purchase houses in good
university districts. The good education environment is a
type of substitute for urban green space amenities, imply-
ing that homeowners may trade off amenity to get a good
education environment. On average, a 1% increase in edu-
cation environment is associated with a consistent 1.9% rise
in house price (per square meter).

. Discussion and conclusions

This paper reports a first attempt to apply hedonic pricing
odels to evaluation of the amenity of urban green spaces in

inan City, China, and highlights the fact that hedonic pricing
odels would be improved by embodying spatial characteristic

ariables captured by GIS and landscape metrics; it thus con-
ributes to the further joining of economics and ecology, and
romotes development of ecological economics.

.1. Specification and capture of characteristic variables in
he hedonic pricing model

This study investigates only the mean value per square meter
f a housing cluster and focuses solely on the neighborhood
nvironment, especially spatial concerns, whereas house struc-
ural characteristics and time series problems were both avoided.
he omission of variables relating to structural characteristics
f housing was rarely found in previous research that applied
edonic models. Thereby, it is possible that the results of this
nalysis might suffer from sample selection bias. However, the
esults were consistent with expectations, suggesting that sam-
le selection bias is not an issue.

The creation of the interaction terms education environment
nd environmental disamenity and the size–distance indices
llowed refined specification variables to be used in the hedo-
ic pricing model, which differentiates this from some previous
tudies. As is usual with hedonic pricing models, many factors
ere listed that may influence property values, and it is conse-
uently often difficult to sort out the effects of specific variables
ith great accuracy.
The integration of economy and landscape ecology is a wor-

hy goal that would benefit greatly from systematic analysis that
ncludes spatial scale, rather than using only aggregated statis-
ical data (Vermaat et al., 2005). In this paper, six landscape

etrics (percentage of urban green space-PLGR, patch richness
f urban green space-PRGR, number of green space patches-
PGR, aggregation of urban green space-AIGR, patch richness
f land-use-PRLA, and number of patches of land-use-NPLA)
ere added to the hedonic pricing model, which allowed a much
ore complete explanation of urban green spaces and land-

se. Moreover, the inclusion of the “moving window” method
supported by FRAGSTATS) allowed the composition indices
percentage of green spaces, patch richness of green spaces,

umber of patches of green spaces, patch richness of land-use,
nd number of patches of land-use) to be spatially referenced,
nd allowed their spatial variability to be visualized. Clearly,
he development of GIS has been a major driving force here, for
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xample, even though, the conventional accessibility variables
lso become easier to be captured by using spatial analysis mod-
le of a GIS.

.2. Importance of valuation of urban green space amenity
n Jinan City

The hedonic pricing model is a useful aid or guide to under-
tanding the amenity value of urban green space. The modeling
esults could be used to inform policy decisions concerning
rban green space preservation and allocation. For example,
he negative impact of accessibility to scenery forest (ACSCE)
nd positive impact of size–distance index of scenery forest
S-DSCEN), green space types (TYPEGR) and location of sec-
or of housing cluster (DLOC) on housing prices indicates that
esidents seem to appreciate green housing districts and eas-
er accessibility to scenery forest areas. However, there is a
erious conflict between the attractiveness of scenery forest to
mmigrants and protection of scenery forest as source areas for
he region’s springs, which raises the need for governments to
evelop policy initiatives to preserve and allocate many more
ublic green spaces. As the variable of number of green space
atches (NPGR) suggests, inserting urban green spaces in unde-
eloped areas before they are subject to development pressures
ill reduce leapfrogging development in or around the pre-

erved scenery forest or other green space areas. In addition
o assessing green space value, analysis regarding the amenity
mpact of spatial land-use patterns could also contribute to pol-
cy analysis and design, particularly in assisting in the target-
ng of detailed district planning. The modeling results provide
nformation on what factors drive house prices. In addition to
nforming policy decisions, this could stimulate the public’s
agerness for increasing green space, and contribute to an aware-
ess of the potential values that are lost when green spaces
anish. In addition, public awareness and the predicted results
that establishment of new green spaces will raise house prices)
ould help stimulate real estate developers to justify greening
rojects, and to develop more green spaces in new residential
reas.

Using a GIS-supported spatially explicit approach in the
edonic model could also help in targeting specific locations
or construction of urban green space. The urban master plan
f Jinan City (2004–2020) was designed so that urban develop-
ent would be to the east and to a lesser degree, to the west,

ut should be controlled to the south (Jinan Planning Bureau,
004). However, the statistical significance of the location sector
DLOC), the urban green space patch density (NPGR), acces-
ibility to public green spaces, and the spatial distribution of
reen spaces (shown in Fig. 1) all show that insufficient public
reen spaces exist in the east and west sectors. While, in con-
rast, there is a good green space distribution in the south and
n fact, it attracts people to keep on moving to the south. The
ifference caused by green spaces in the east, west and south is

robably the reason why controlling urban sprawl in the south
s difficult. Moreover, the negative impact of decreased acces-
ibility to public green spaces on housing price implies that an
quilibrium of green space amenities should be available at any

A
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ocation. Thus, it is proposed that to reduce the encroachment
n scenery forest and preserve the region’s springs, allocation of
ew urban green spaces would be required in the east and west
irections. It also indicates that urban land-use planning proce-
ures should include a systemic assessment of the benefits of
rban green space, and that a monetary evaluation of the loss of
nvironmental amenities should be conducted when considering
and-use alternatives. All of this would contribute to a reorien-
ation of the direction of urban sprawl and to sustainable urban
evelopment.

Although the estimated coefficients for the 17 variables in
his study were all in line with expected values, and though it

ay be conclusive, the current study does have some limitations
hat deserve further research. First, the imperfect real estate mar-
et meant that reasonable transaction housing prices were only
vailable for 2004. The relatively low value of the adjusted R2 in
his study is thought to be due to the small sample size. In addi-
ion, public awareness of urban green space values may also be
elated to social factors. For example, a purchaser with children
ay place a higher value on the education environment than they

o on environmental amenities. However, such social factors
ere not included in this study. Lastly, as discussed in the above

ections, the research scale will influence the spatial landscape
ndices and urban green space amenity effect, and will conse-
uently influence the expected result. Therefore, further research
s warranted to determine whether the spatial considerations that
nfluence homebuyers when making purchasing decisions do in
act conform to the 500 m radius chosen for this study. Hence,
he credibility of the results would be increased if they could
e verified through further research using contingent valuation
ethod.
Previous studies of the economic value of urban green space

urban forest) amenities also found significant positive effects
n house prices (Anderson and Cordell, 1988; Tyrväinen, 1997;
orancho, 2003), but the institutional and cultural differences
ith western countries makes comparison of results difficult.
esearch on the ecological and economic valuation of urban
reen space in China is still comparatively limited. In conse-
uence, it is hoped that the results of this study will provide
reference for the valuation of urban green space in Chinese

ities.
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