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Abstract

To support decision-making in landscape management and planning policies in urban built-up areas, a formal framework is needed to evaluate
urban landscapes objectively and clarify the economic values of landscape amenity. This paper proposes a framework to address this issue. The
framework consists of three parts: conducting a standardized landscape survey, extracting critical evaluation factors with a principal component
analysis, and then identifying the effect of these factors on land prices with hedonic pricing models. Data from the cities of Tokyo and Kitakyushu
were used, which are typical of large metropolitan areas and medium-sized cities in Japan. In each city, some 200-300 transacted vacant sites,
designated for residential development, were chosen as samples. The results of principal component analysis and hedonic regression analysis
suggested that, in either city, the compatibility of the buildings and the greenery of the neighborhood were distinctively perceived; these factors
significantly influenced land prices, and the marginal effects were similar for both cities. The results empirically proved the stableness of the
proposed framework and suggested the possibility of generalizing the framework in urban built-up areas. In addition, some important policy
implications were provided by the analysis. The outcomes indicate that programs should be provided to motivate residents to preserve or create
landscape amenity cooperatively, and justify planning policies to encourage neighborhood-based cooperation for landscape improvement. With
the impact of landscape amelioration or damage being elucidated, it also makes it possible to adjust benefits among concerned people, and may
help public landscape management sectors optimize their budget plans.

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

Among residents of urban built-up areas, there is a grow-
ing concern for landscape amenity for the purpose of aesthetic
enjoyment, recreation opportunities and healthy environments
(McLeod, 1984; Adams and Leedy, 1987; Tyrvainen and
Miettinen, 2000). Good planning and management of urban
landscapes not only bestows pride on citizens and the govern-
ment but also enhances a city’s capability for competition and
for community development (de Haas et al., 1999; Jim, 2004;
Nishimura, 2005). Consequently, many planning policies related
to urban landscapes have been adopted such as regulations on
land use and the appearance of buildings, control of views,
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designation of historical sites and conservation areas, and limita-
tions on advertisements (Department of the Environment, 1990;
Murtagh, 1997; Miyawaki, 2000; Wada and Toriumi, 2000).

In Japan, for example, ‘Landscape Laws’ were enacted in
2004 to enhance the administration of urban landscapes, which
provided a legal basis for protecting people’s rights to landscape
amenity (Itoh, 2006). In the laws, human judgments of the
comprehensive quality of landscapes were legitimized through
a so-called ‘landscape certification’ program. That is, the
valuations of normal people could be used as criteria in lawsuits.

No doubt, the implementation of such policies requires a
high level of objectivity and measurability in the assessment.
However, in practice, the evaluations of urban landscapes,
especially in built-up areas, are often a mixture of personal
views, and there is not yet a formal framework to resolve this
problem. Therefore, an objective methodology for evaluat-
ing urban landscapes in built-up areas would be beneficial.
Specifically, it is necessary to develop a formal procedure for
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landscape evaluation, and to clarify the impact of landscape
ameliorations and damages, so that judgments of landscape
can be shared, regulations on urban landscapes can be justified
in spite of limited development rights, and the benefits can be
adjusted among people. This is an important issue not only for
the above-mentioned laws, but also for other policies related to
the planning and administration of urban landscapes.

So far, quite a few frameworks for evaluating landscapes
in urban contexts have been proposed. For example, Lichfield
(1988), Carter and Bramley (2002), Coeterier (2002), and
Ipekoglu (2006) analyzed the values of historical sites and
traditional dwellings with respect to physical space and compo-
sitions; Gémez-Sal et al. (2003) proposed that landscapes should
be evaluated from ecological, productive, economic, social and
cultural perspectives, and they defined some scenarios based on
this idea, compared with which landscape planning and manage-
ment projects could be evaluated. Nasar (1988) used perceptual
indices to identify the cognitive dimensions of residential street
scenes in American cities, which rendered three prominent ones,
i.e., diversity (in contrast to plain and dull scenes), openness and
naturalness (in contrast to closed space and scarce vegetation),
and fittingness and clarity (in contrast to unfitting and ambigu-
ous building configurations). Prato (2000) applied a multiple
attribute decision-making model to select management plans of
sites or landscapes based on biophysical features, financial and
economic conditions, and decision-makers’ preferences for the
attributes of plans, etc., and evaluated the sustainability of the
plans at the landscape scale. Groat (1984) investigated people’s
aesthetic judgments of contextual design in American cities, to
seek good ways to organize new development with existing envi-
ronmental settings. Furthermore, the roles of nature and green
space in urban areas were intensively examined, as reported by
Burgess et al. (1988), Mazzotti and Morgenstern (1997), and
Jim (1999, 2004).

To investigate the value of urban landscapes, two kinds of
analytical approaches have most often been used. One is a psy-
chological approach such as semantic differential techniques in
terms of human perceptions used by Garcia-Mira et al. (1997),
Green (1999) and Hass and Imamoglu (2000), and psycholog-
ical experiments by Fukahori and Kubota (2003). The other
is an economic (monetary) evaluation approach such as con-
tingent valuation methods in Willis and Garrod (1993) and
Tyrvainen and Vaananen (1998), and hedonic pricing meth-
ods in McLeod (1984), Tyrvainen (1997), and Tyrvainen and
Miettinen (2000). In particular, hedonic pricing methods have
been applied in recent works to comprehend the benefits of land-
scape improvement through analysis of an agency market. For
example, Geoghegan et al. (1997) and Kong et al. (in press)
incorporated ecological indices of landscapes in hedonic pric-
ing models such as the richness and fragmentation of land-use
patches, with the aid of geographical information systems (GIS).

Urban landscape amenities have been interpreted from a rich
variety of perspectives, and with varied methods. The exist-
ing literature showed that spatial order, greenery, etc., have
been subjects of common interest; however, a formal frame-
work integrating the analysis of the cognitional judgments of
urban landscapes and that of their economic impacts has not

been established. The research reported here attempts to bridge
this gap.

There are two objectives of this research. The first is to
analyze the evaluation structure of urban landscapes and to
investigate empirically whether markets for land reflect the
values of landscape amenity. This requires a framework for
objectively describing the amenity of urban space, as well as
an analytical framework to associate the perceptions of physi-
cal environments with economic values. The second objective
is to generalize the evaluation method. Since the perceptions
of urban landscapes are highly likely to differ by cities, dis-
tricts, and individuals with different preferences, to what degree
a methodology is valid and applicable is a critical issue.

Tokyo and Kitakyushu were selected as investigation targets.
They represent a large metropolitan area and a medium-sized
city, respectively. The two cities have well-managed data on
planning and urban environments, most of which are integrated
with GIS.

2. Methodology

A three-step approach was developed. First, a scheme was
designed to represent the physical characteristics of urban land-
scapes qualitatively, but objectively. Based on the scheme, data
were collected via surveys of sample sites and their surround-
ing areas. Secondly, critical factors of landscape evaluation were
extracted by employing a principal component analysis. Finally,
ahedonic approach was adopted to examine if the principal com-
ponents of urban landscapes were significant determinants of
land prices.

2.1. Samples and data

In Tokyo, the sample sites were drawn from the 1996 to 1997
issues of Weekly Housing Information, which provided informa-
tion on a large number of houses and land for sale (approximately
10,000 properties every month). The sample sites were limited
to vacant land properties having been transacted, and the study
area to nine of 23 wards in western Tokyo (Suginami, Nerima,
Shinjuku, Shibuya, Nakano, Setagaya, Meguro, Ota, and Shina-
gawa). The study area was outside of the Yamanote line, the main
railway line surrounding the central part of Tokyo. In this area,
real estate transactions were active, so there could be enough
sites to choose for sampling. Generally speaking, the nine wards
had no prominent difference in terms of the intensity of land use,
real property value, and general landscape and environmental
qualities.

Furthermore, the sample sites were confined to land use
zones designated for residential development, including ‘low-
story residential zones’ (exclusively used for low-story housing
and small-scale daily services), ‘medium-high residential zones’
(allowed for medium and high-rise residential development and
limited commercial use) and ‘residential zones’ (mainly used
for residential use, and an area was designated as such if there
were already many mixed types of land use).

There were 687 properties satisfying the above criteria in
the Weekly Housing Information database. Some of them were
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successfully located on residential maps so that detailed data
on the environments and landscapes of the surrounding areas
could be collected by survey. Finally, the number of samples
with complete data was 272.

The largest site was 423.5 m? and the smallest 34.1 m2, with
an average of 132.5m?. This size distribution resembles that
of detached residential lots in Tokyo (an average of 128 m? for
newly acquired detached housing lots in 1998). Therefore, it
was assumed that the chosen sites belonged to the same market
of detached housing lots. As a matter of fact, detached housing
constitutes a large share of the housing market in Japanese cities
(about 40% in Tokyo and more in medium-sized cities).

Among the sample sites, 203 were in low-story residential
zones, 37 in medium-high residential zones and 32 in residen-
tial zones. Presumably, the landscape characteristics should be
different across different land use zones, being subject to allowed
non-residential use, designated floor-to-area ratio, etc. However,
the actual use of a specific lot is largely confined by its size. That
is, small sites are almost always used for detached housing. This
was confirmed by a survey showing that the entire sample sites
except for undeveloped ones had been developed for two or three
story detached housing. This fact supported the same-market
assumption about the sample sites.

Additionally, the extent of the study area in terms of distance
to the center of the city was moderate. The sample sites were
distributed along 13 railway lines, and it took 7-34 min from the
nearest railway station to reach the Yamanote line.

The sample in Kitakyushu was drawn from a database from an
administrative survey of the purchases of 1333 properties trans-
acted in the fiscal year of 2003. The criteria for drawing samples
were similar to those for Tokyo. Only records of vacant land
properties related to private sellers and buyers, designated for
residential use, were selected. Properties traded rapidly (speci-
fied by the survey) were excluded. Those with extremely small
(<40 m?) or large sizes (>1000 m?) were also excluded, because
they could constitute a part of other parcels, or because non-
residential development could increase. With these criteria, a
sample of 181 vacant sites distributed across the whole city
was obtained. The proportion of samples in low-story residential
zones, medium-high residential zones and residential zones was
approximately 2:1:2. More sites within residential zones were
selected in Kitakyushu than in Tokyo, but this was not regarded
as a problem, provided that the attribute of designated land use
zones could be controlled in the analysis.

Among the sample sites, the largest was 876 m? and the small-
est 45.66 m?, with an average of 260.8 m?. This size distribution
was close to that of detached housing lots in Kitakyushu (an
average of 242 m? for newly acquired detached housing lots in
2003), so they were also assumed to be developed for detached
houses.

The databases for the two samples were carefully constructed.
First, both included the prices of property at the sample sites.
As a matter of fact, it was difficult to obtain the real prices of
properties in Japan. Therefore, for the Tokyo sample, the final list
prices (final prices recorded before transaction) of each site given
by Weekly Housing Information were used; for the Kitakyushu
sample, the prices obtained from questionnaires in the admin-

istrative survey were used. These were assumed to be close to
the real prices, though errors were possible. Second, the data
sets include detailed information on sample lots, including their
sizes, shapes, the width and direction of the roads in front of the
sites (to be called ‘frontroad’), accessibility to public transporta-
tion, the environmental attributes of the neighborhoods, and the
indices of ‘chome’ (the Japanese name for a city block, which
usually constitutes the smallest unit of a census) including build-
ing density, gross floor-to-area ratio, population density, and the
proportion of wood-structure buildings. For the Tokyo sample, a
part of the data came from Gao et al. (2006). For Kitakyushu, data
provided by the municipal government, including the ratings on
18 indices of living environments for 1488 chomes, were utilized
in addition to those obtained from the administrative survey. See
Appendix A, for a list of the data.

2.2. Landscape survey

In this survey, the proposal of Arai (2001) was used for ref-
erence, i.e., to evaluate urban landscapes in built-up areas from
three aspects: neighborhood scene, street scene and the prac-
tice of local-based planning (e.g., public involvement in local
affairs and the implementation of ‘district planning’). Specifi-
cally, emphasis was placed on the scenes of neighborhoods and
streets for the clarity of data collection (by observation). An 11-
factor evaluation system was designed as shown in Table 1. The
factors beginning with ‘A’ are indicators of neighborhoods and
those with ‘B’ are indicators of streets. Every factor consists of
several items, with each rated by points —1, 0, +1, +2, etc. They
add up to the ratings of the 11 factors.

A detailed guideline was made to ensure the objectivity of sur-
vey results. The evaluations were based on neighborhood areas
within 20-25 m from the borders of each sample site. Detailed
criteria were provided for rating each factor, including both ver-
bal descriptions and pictures for reference. For example, the
criteria for the evaluation of the continuity of external walls
(A1) were as follows:

“This factor focuses on the enclosing walls or external walls
of buildings beyond 1.5 m (above the eye-line) to see if they are
‘well-aligned’ along the street. Here, ‘well-aligned’ means that
the differences in distance from the street do not exceed 0.5 m:

+1: Most walls and buildings are well-aligned. They account
for more than 4/5 of the total length on each side of the street.
(The left picture of Fig. 1 is given for example.)

0: More than half, but no more than 4/5, of walls and buildings
are well-aligned along the street. (The middle of Fig. 1 is given
for example.)

—1: There are many vacant sites, sites being used for parking,
houses without gate-walls, or large buildings such as apart-
ments or office buildings in the neighborhood. Consequently,
no more than 1/2 of walls are well-aligned along the street.
(The right of Fig. 1 is given for example.)”

A 1-hour training was delivered to surveyors, who came from
local survey companies of each city and had no professional
experience in architecture or urban design.
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Table 1
Factors for evaluating urban landscapes
Factors Items Point
Walls are well-aligned along streets to a high degree +1
Al: Continuity of external walls (+1, 0, —1) Walls are well-aligned along streets to an average degree 0
Walls along streets are not continuous -1
Colors and materials of buildings are in harmony to a high degree +1
A2: Conformity of colors and materials (+1, 0, —1) Colors and materials of buildings are in harmony to an average degree 0
Colors and materials of buildings are not in harmony -1
Building styles share common features to a high degree +1
A3: Compatibility of building styles (+1, 0, —1) Building styles share some kind of common features 0
Building styles have little in common -1
Building heights are orderly and under control +1
. . o Roof shapes are similar +1
A4: Beauty of skylines formed by buildings (+3, +2, +1, 0, —1) Rhythms of skylines are beautiful 41
Silhouette of buildings distinctively lacks order -1
Spaces formed by buildings are open and comfortable +1
A5: Openness and scale of buildings (+1, 0, —1, —2) Street spaces are narrow and compressed -1
Open spaces are dull and without change —1
A6: Visually aesthetic and continuous greenery (+2, +1, 0) Greenery m t}_le district f(?rms a network +l
Greenery is visually continuous +1
Walls along roads are continuously greened +1
B1: Greenery of walls and trees (+1, 0, —1) Walls along roads are greened to an average level 0
Walls along roads are mostly concrete blocks —1
There are well-greened parks and playgrounds +1
B2: Greenery of open pedestrian spaces (+2, +1, 0, —1) There are abundant trees along the streets +1
Land is deserted and garbage is scattered throughout it -1
Streetscape is rich and pleasant +1
B3: Favorable pedestrian space (+1, 0, — 1, —2, —3) Street s.cenes are ch:?otl(?, with garbage bins, bicycles —1
Advertisements are in disorder -1
Tllegal parking hinders pedestrian use —1
B4: Friendly outdoor space (+1, 0, —1) Street spaces are fflendly anq soc1ab4164 +1
Streets spaces are isolated, without living atmosphere -1
BS5: Decorations and street furniture (2, +1, 0) There }s street fur.mture,.scu.lptures, waterscapes, etc. +1
There is well-designed lighting, etc. +1

The site surveys were conducted for the Tokyo sample in May
2004 and for the Kitakyushu sample in March—April 2005. The
surveyors were instructed to work on each site for 15-20 min,
and finish about 10 sites each day. For each sample site, two
surveyors implemented the evaluation. The second was asked
to confirm the points given by the first. In cases in which they

+1 point

0 points

did not agree with each other, the scores given by each were
recorded. In addition, they were asked to take six or seven pic-
tures from different angles and a 15-s video for each sample
site. These were later used to justify whether the evaluation
results were biased and in cases in which different opinions
were reported, which surveyor’s rating was more appropriate.

-1 point -

Fig. 1. Pictures for reference in landscape survey (Al: continuity of external walls).



X. Gao, Y. Asami / Landscape and Urban Planning 81 (2007) 155-166 159

= (1.21) OTokyo
1.0 M Kitakyushu
08

(2.89)
(-6.50)

0.6
(-2.53)

04 (4.42)

02t (2.3) (-0.62)

(-1.5)

0.0

_

<

-
i
ot
=3
1

-0.2

Continuity of external walls Al
Conformity of colors and materials A2
Compatibility of building styles A3
Beauty of skylines formed by buildings A4
Openness and the scale of buildings AS
Visually aesthetic and continuous greenery A6
Greenery of walls and trees Bl

Greenery of open pedestrian spaces B2
Favorable pedestrian space B3

Friendly outdoor space B4

Decorations and street furniture B3

Fig. 2. Comparison of the survey results in the two cities (brackets are r-values
of the difference between the values for each city).

In fact, 94% of the points given by the surveyors were unani-
mous and reasonable, and in this point no significant difference
was detected between the two cities. In one of the 15 groups of
the Tokyo surveyors, one member tended to rate most of the 11
factors lower than his colleague. This tendency was identified
by viewing the pictures and videos.

According to the results, the databases of urban landscapes in
Tokyo and Kitakyushu were established. Fig. 2 compares means
of the 11 indices in the two cities.

The results revealed that they were similar for factors Al
(continuity of external walls), A2 (conformity of colors and
materials), A3 (compatibility of building styles), A4 (beauty of
skylines formed by buildings), B1 (greenery of walls and trees)
and B5 (decorations and street furniture), while significantly
different in factors A5 (openness and scale of buildings), A6
(visually aesthetic and continuous greenery), B2 (greenery of
open pedestrian spaces), B3 (favorable pedestrian space), and
B4 (friendly outdoor space). This result agreed with the fact
that, in large metropolitan areas, building densities were gener-
ally higher but open spaces and greenery were less. The largest
difference between the two cities was in A5 (openness and scale
of buildings). A reasonable explanation was that more sites in
Kitakyushu were located in newly developed areas with more
vacant land.

2.3. Principal component analysis of landscape data

It was found that the ratings of the 11 landscape indices were
inter-correlated. In order to analyze the evaluation structure bet-
ter, the correlation problem has to be addressed. Therefore, a
principal component analysis was performed.

For the Tokyo data, the 11 factors were first grouped based
on the intensity of their correlations. With a graphical modeling
method, they were classified into four categories:

(1) Al (continuity of external walls), A2 (conformity of colors
and materials), A3 (compatibility of building styles), and
A4 (beauty of skylines formed by buildings);

(2) B1 (greenery of walls and trees), B2 (greenery of open
pedestrian spaces), and A6 (visually aesthetic and continu-
ous greenery);

(3) B3 (favorable pedestrian space), B4 (friendly outdoor
space), and A5 (openness and scale of buildings);

(4) BS5 (decorations and street furniture).

Based on the respective meanings of the indices, it was noted
that the four categories were related to the compatibility of build-
ings, greenery of neighborhoods, sense of familiarity, and the
effort to preserve or create unique characteristics of neighbor-
hood. Then, principal component analysis was conducted within
each category. This procedure yielded a principal component
with an eigenvalue larger than 1 for three of the above categories.
The fourth, however, was omitted because the eigenvalue that
showed the contribution of B5 (decorations and street furniture)
to the whole set of data was very small (0.17). The extracted
principal components accounted for 72.8%, 66.6% and 58.2%
of the classified variables, respectively.

It will be shown in a later section that the landscape factors
were significant in the hedonic models. Actually, the signifi-
cant variables derived from the classified categories as described
above retained more information from the original data of the
11 factors than the case without classification (44.7% versus
41.4%). This had been the reason we chose to classify the vari-
ables prior to principal component analysis.

In parallel, three principal components with eigenvalues
larger than 1 were extracted with the Kitakyushu data. Table 2
gives the details of the results.

In both samples, the three principal components explained
about 40%, 12%, and 9% of the total variances. They equally
kept 62% of the total information of each dataset. Eigenvectors in
the lower part of Table 2 revealed that the structures of the first
and second components were alike in Tokyo and Kitakyushu.
Specifically, the first one strongly correlated to factors repre-
senting the compatibility of buildings, including A1 (continuity
of external walls), A2 (conformity of colors and materials), A3
(compatibility of building styles), and A4 (beauty of skylines
formed by buildings); thus it was considered to be a scale for
compatibility. In the same way, the second one was deemed to
be a scale for greenery. The third principal component of the
Tokyo sample, with strong association to B3 (favorable pedes-
trian space), B4 (friendly outdoor space) and A5 (openness and
scale of buildings), was regarded as a scale for familiarity. That
of the Kitakyushu sample, being strongly associated with B5
(decorations and street furniture), was termed decoration.

The results revealed the distinctiveness of compatibility and
greenery in the perception of urban landscapes. On this point, the
results were very close in Tokyo and Kitakyushu. In Tokyo, the
recognition of familiarity was stronger. This probably indicated
that the desires of the inhabitants of large metropolitan areas
for amiable environments were adversely affected by intensi-
fied incompatible land use and heavy traffic. In contrast, the
recognition of decoration in Kitakyushu might have reflected the
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Table 2
Principal components of landscape factors

Tokyo Kitakyushu
Principal Component 1 2 3 1 2 3
Eigenvalue 4.436 1.313 1.035 4317 1.4369 L.016
Percent (%) 40.33 11.93 9.41 39.24 13.06 923
Cum. Percent (%) 40.33 52.26 61.68 39.24 52.31 61.54
Evaluation scale Compatibility| Greenery | Familiarity | Compatibility | Greenery | Decoration
Al Continuity ofexternal walls 0.336 -0.208 -0.306 0.372 -0.234 -0.004
A2 Conformity of colors and materials 0.370 -0.298 -0.155 0.392 -0.269 -0.068
A3 Compatibility of building styles 0.381 -0.158 -0.204 0.388 -0.221 -0.028
A4 Beauty ofskylines formed by
buildings 0.383 -0.206 -0.207 0.397 -0.235 0.079
AS5 Openness and scale of buildings 0.231 -0.073 0361 0.280 0.056 -0.002
A6 Visually acsthetic and continuous
greenery 0.305 0476 -0.097 0.220 0.608 -0.055
B1 Greenery ofwalls and trees 0.249 0.491 -0.197 0.322 0.289 0.032
B2 Greerery ofopen pedestrian spaces 0.275 0487 0.037 0.226 0.548 0.144
B3 Favorable pedestrian space 0.280 -0.086 0.479 0.246 0.084 -0.203
B4 Friendly outdoor space 0.287 -0.221 0383 0.236 -0.056 | -0.079
B5 Decorations and street furniture 0.119 0.187 0.492 0.048 -0.051 0.957 |

endeavors of the local government and communities to preserve
and create local characteristics.

2.4. Hedonic analysis of landscape factors in Tokyo

Hedonic analysis was then performed on the datasets of
Tokyo and Kitakyushu. In hedonic pricing models of land prices,
the principal components of urban landscapes were used as inde-
pendent variables to see if they had significant impacts on land
prices.

For the Tokyo sample, the following linear regression func-
tion was employed:

X.
unitP = intercept + Zoz,-X,- + ij (SJ) )
i J

where unitP is a vector of the per-square-meter price of land, X;
(for i=1 to m) is a vector of the ith independent variable, S is
a vector of lot size, and a; and b; are regression coefficients to
be estimated. The terms X; and X;/S were included in the model
together, assuming that the influence of some variables might
differ by lot size S.

Statistical tests showed that unitP was normally distributed.
The raw data of independent variables were transformed to
suitable forms via postulating and validating respective assump-
tions. For example, the width of the front road, wi, was replaced
by In(wy), considering that as w; increases, its marginal influ-
ence on unitP should decay. The width of a second front road,
wy (wy =0 if a second front road did not exist), was replaced
by In(wy — 1) if wy >2.0m, and O otherwise. In this way, the
new variable was continuous no matter whether a second front
road existed. These transformations improved the fitting of the
regression model.

The specification in Eq. (1) was tested against a variety of
alternative functions including a linear model for unitP regress-
ing on X; (excluding X;/S), a log-linear regression model on
Xi, and so on. Comparisons of Rz, AIC and the prediction

errors showed that the specification in Eq. (1) was satisfac-
tory. The average level of prediction errors, estimated with a
cross-validation method proposed by Gao et al. (2002), was
10.4%.

As a result of incremental stepwise regression, a model with
19 variables was established (Table 3). It explained 68.7% of
the total variations of land prices. The correlations of the 19 sig-
nificant variables were tolerable except for that between FAR
and FAR; (—0.915). This was understandable since they were
derived from the same variable, which is described later in
this paper. Statistical tests were performed with random errors
imposed on correlative terms, and with some terms randomly
removed from the independent variable list. As a result, the esti-
mates of the model were statistically stable. This suggested that
collinearity had not caused serious problems.

It was found that the determinants of land price included
railway lines (indicated by line-Seibu, line-Keio, and line-
Tokyutoyoko), accessibility to multiple railway lines (indicated
by multiple line) and time to the nearest train station (indicated
by t-station). For example, properties along Tokyutoyoko line,
being famous for wealthy residents and high-class houses, are
75.6 thousand Yen/m? (approximately 657.4 US$/m? with 1000
Yen=8.696 US$. The same exchange rate is used hereafter)
more expensive than standard residential areas along the JR
Chuo line (based on which the dummy variables of railway lines
were generated).

Significant variables also included attributes of lots, includ-
ing the frontage (indicated by frontage/S), lot shape (indicated
by irregular shape) and the floor-to-area ratio (FAR) regulated
by planning controls (indicated by FAR;, FAR,, and FARj3).
UnitP was affected positively by larger frontages and negatively
by irregular shapes. The variables FAR|, FAR, and FAR3 were
derived from the ‘effective FAR’ of each lot, i.e., maximum
FAR under all planning controls on lots and onsite buildings.
With less than 10% parts being dropped, the effective FAR vari-
able was obtained. It was a categorical variable in the range
of 60-270%. Then, regression analysis rendered three related
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Table 3
Regression model for unitP in Tokyo
Number  Variable Definition Coefficient Standard error ¢ P-Value
In thousand Yen/m?>  In US$/m?
Intercept 688.4 5986.1 0.0413 16.68  <0.0001
1 Line-Seibu?® Along Seibu railway lines, 1; otherwise, 0 —129.4 —1125.2 0.0153 —8.45 <0.0001
2 Line-Keio?® Along Keio railway lines, 1; otherwise, 0 —41.3 359.1 0.0134 —-3.09 0.0022
3 Line-Tokyutoyoko? Along Tokyutoyoko railway lines, 1; 75.6 657.4 0.0158 4.8 <0.0001
otherwise, 0
4 Multiple line The nearest station connects at least two railway 35.7 3104 0.0121 2.95 0.0035
lines, 1; otherwise, O
5 FAR If effective FARP is below 100%, 1; inclusively —61.2 —532.2 0.0123 —4.96  <0.0001
between 110% and 270%, —1; otherwise, 0
6 FAR; If effective FARY is below 210%, 1; beyond —111.7 —-971.3 0.0234 —4.78  <0.0001
220%, —1
7 FAR3 If effective FARY is inclusively between 110% 18.4 160.0 0.0087 2.12 0.0353
and 160%, 1; inclusively between 170% and
210%, —1; otherwise, 0
8 t-Station Time to the nearest train station (min) —-9.8 —85.2 0.0013 —7.45  <0.0001
9 Irregular shape With an irregular shape and S > 70, In(S — 70); —25.1 —218.3 0.0038 —6.63  <0.0001
otherwise, 0¢
10 Frontage/S Frontage facing main front road (m)/S 590.2 51322 0.2095 2.82 0.0052
11 In(wy) In(width of main front road (m)) 44.8 389.6 0.0170 2.64 0.0088
12 In(wy — 1) If the width of the second front road w; >2.0 m, 49.7 4322 0.0137 3.62 0.0004
In(w;y — 1); otherwise, 0
13 Cul-de-sac Front road is of dead-end type, 1; otherwise, 0 —46.1 —400.9 0.0127 —3.64 0.0003
14 Chome-elevation/S Average elevation of chome (m) 108.4 942.6 0.0351 3.09 0.0022
15 Chome-popden Population density of chome (person/ha) —-0.3 —-2.6 0.0001 —2.65 0.0087
16 Chome-BCR <40%/S  If building coverage ratio of detached houses in =~ —3892.4 —33,847 1.4227 —2.74 0.0067
chome is less than 40%, 1/S; otherwise, O
17 Obnoxious With obnoxious facility in neighborhood, 1; —115.0 —1000 0.0287 —4.00 <0.0001
otherwise, 0
18 Compatibility First principal component of landscape 7.2 62.6 0.0033 2.17 0.0310
19 Greenery Second principal component of landscape 8.0 69.6 0.0040 1.99 0.0477

R?,0.687; Adj. R?, 0.663; sample size, 272.
2 Dummy variables for railway lines were based on the JR Chuo line.

b Effective FAR was the maximum floor-to-area ratio under all planning controls on lots and onsite buildings, with less than 10% parts being dropped.
¢ By this definition, it was assumed that the impact of irregular shapes diminishes as § increases. Seventy square meters is an experience value below which it is
difficult to develop an irregular lot. The smallest sample site with an irregular shape is 72 m?.

variables, FAR|, FAR,, and FAR3. They split effective FAR
into four intervals, below 100%, 110-160%, 170-210%, and
over 220%. By computing their estimates, it was revealed that
land prices were lowest with effective FAR below 100%, pos-
sibly due to limited development capacity, as land lots are
generally small in Tokyo. Comparatively, land prices were
140.8 thousand Yen/m? (1224.3 US$/m?) higher with effective
FAR of 110-160% and 104 thousand Yen/m? (904.3 US$/m?)
higher with that of 170-210%. These results indicated that
110-160% were reasonable FAR levels for detached housing in
Tokyo. That land prices were slightly lower with effective FAR
between 170% and 210% might be the consequence of difficul-
ties in controlling land use and landscape features if maximum
FARs were regulated as such. In addition, land prices associ-
ated with effective FAR over 220% (almost falling in residential
zones) were 345.8 thousand Yen/m? (3007 US$/m?2) higher. A
greater possibility of commercial land use might explain this
effect.

Attributes of front roads were significant, including their
widths (indicated by In(w;) and In(w; — 1)) and road types
(indicated by cul-de-sac). Their effects were also reasonable.

Land prices increased by In(w;) and In(w, — 1), and decreased
by cul-de-sac, which corresponds to inconvenient traffic circu-
lation and more difficulty in escaping if fires occur in densely
built-up areas.

Significant variables related to neighborhood involved
the average elevation of the district (indicated by chome-
elevation/S), population density (indicated by chome-popden),
building coverage ratio (indicated by chome-BCR <40%), and
the presence of obnoxious facilities (indicated by obnoxious).
The negative effects of population density and presence of
obnoxious facilities were reasonable. That land prices dif-
fered by elevation could be explained by the conviction that
higher places provide better views and protection from flood-
ing. Actually, it is traditional in Japanese cities for high-ranking
residences to be placed in high locations. In general, detached
housing areas have high building coverage ratios (BCR) in
Tokyo. The study area of this research is typical among them.
More than half of sample districts (chome) were between
45-50%, and less than 40% ones were no more than 10%. It
was noted that the latter, instead of indicating more open space
within individual lots, were rather the result of undeveloped lots
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or land temporarily used for parking. In this sense, the negative
effect of chome-BCR <40% was reasonable.

The above results should provide much useful information for
the planning and design of detached housing areas. However,
detailed discussions have been omitted to leave space for the
investigation of landscape variables, which are the focus of this
research.

The first and second principal components of urban land-
scapes, indicated by compatibility and greenery, were significant
at 0.05 levels in the model of Table 3. Specifically, land
prices increased by 7.2thousand Yen/m? (62.6 US$/m?) if
the level of compatibility increased by one point, and by
8.0 thousand Yen/m? (69.6 US$/m?) if that of greenery increased
by one point. The signs of compatibility and greenery indicate
that the effects of landscape factors on land prices are positive,
because all of them are positively associated with compati-
bility and greenery as shown by the signs of eigenvectors in
Table 2.

2.5. Hedonic analysis of landscape factors in Kitakyushu

A modeling procedure similar to the one described above was
followed using the Kitakyushu data. As a result, a log-linear

Table 4
Regression model for In(unitP) in Kitakyushu

regression model for per-square-meter land price, unitP, was
established:

In(unitP) = intercept + ZaiX i 2)

l

where X; (for i = 1 tom) is a vector of the ith independent variable,
and g; is the regression coefficient.

By stepwise regression, a model with 20 variables was
obtained (Table 4). This model explained 66.1% of the
variance of In(unitP). Validation tests showed that the spec-
ification was satisfactory (it was significantly better than
linear regression models); there were no serious multi-
collinearity problems and the estimates of the model were
stable.

The signs and the estimates of the variables were consistent
with expectations. In this model, two principal components of
landscape factors, compatibility and greenery were significant
at 0.01 and 0.05 levels, respectively. This result re-confirmed
the economic values of urban landscape amenities. Their elastic
coefficients showed that land prices could increase by 3.05% if
compatibility was one point higher and by 3.35% if greenery
was one point higher.

Number  Variable Definition Impact on Standard ¢ P-Value  Elastic coefficient
In(unitP) error (impact on unit price)
Intercept 10.9033 0.1411 77.29  <0.0001
1 Away from main road Away from main road, 1; otherwise, 1 —0.1589 0.0415 —3.83 0.0002  0.853
2 Away from commercial ~ Away from commercial area, 1; otherwise, —1 —0.1481 0.0556 —2.66 0.0085 0.862
area
3 Road direction In north, northeast or south, 1; in east, O; —0.0361 0.0177 —2.04 0.0428  0.965
otherwise, —1
4 Without sidewalk Without sidewalk, 1; otherwise, 0 —0.0472 0.0213 —2.21 0.0283  0.954
5 Road circulation Not bad, 1; otherwise, —1 0.1499 0.0382 3.93 0.0001 1.162
6 Line-not Chikuho? Not along Chikuho line, 1; otherwise, —1 0.0611 0.0320 1.91 0.0578  1.063
7 Line-not Hitahikosan® Not along Hitahikosan line, 1; otherwise, —1 —0.0870 0.0437 —-1.99 0.0481 00917
8 Line-not monorail® Not along monorail, 1; otherwise, —1 —0.1265 0.0305 —4.15 <0.0001 0.881
9 t-Bus stop Time to the nearest bus stop —0.0003 0.0001 —-3.21 0.0016  1.000
10 Solid land base Solid land base, 1; otherwise, —1 0.1838 0.0791 2.32 0.0214 1.202
11 Regulated FAR Floor-to-area ratio designated by planning 0.0012 0.0003 3.86 0.0002  1.001
12 Regular shape Regular shape, 1; otherwise, —1° 0.1126 0.0225 5.01 <0.0001 1.119
13 Distance-shopping Within 200-500 m to the nearest shopping —0.0501 0.0180 —-2.79 0.0059  0.951
center, 1; otherwise, —1
14 Chome-fire disaster In high degree of danger due to densely built —0.0429 0.0174 —2.47 0.0145  0.958
wood-structure buildings, 1; otherwise, —1
15 Chome-public Inconvenient public transportation, 1; average, —0.1433 0.0367 —-3.91 0.0001 0.866
transportation 0; good, —1
16 Chome-home care Too few or too many home care facilities, 1; —0.0700 0.0217 —-3.22 0.0015 0.932
average, —1
17 Chome-daily facility Insufficient daily facilities, 1; average or —0.1461 0.0367 —-3.98 0.0001 0.864
above, —1
18 Chome-popden Population density in chome (person/ha) 0.0027 0.0006 472  <0.0001 1.003
19 Compatibility First principal component of landscape 0.0305 0.0084 3.64 0.0004  1.031
20 Greenery Second principal component of landscape 0.0335 0.0153 2.19 0.0296 1.034

R?,0.661; Adj. R?, 0.618; sample size, 181.
2 Dummy variables for railway lines were based on the JR Kagoshima line.
b This form is different from the irregular shape variable in the Tokyo model (see Table 3) because the impact of irregular shape is less sensitive to the size of lots,
probably due to larger lot size in Kitakyushu.
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3. Discussion of the evaluations in the two cities

The results with regard to compatibility and greenery pro-
vide useful implications for urban landscape management and
planning policy. First, the significant positive effects of urban
landscapes on land prices were proved, and they are not trivial
in dimension. The average land price levels of the Tokyo and
Kitakyushu samples were 602.4 and 73.2 thousand Yen/m? (5
238.3 and 636.5 US$/m?). This means compatibility or green-
ery marginally accounts for 1-1.5% of the total prices in
Tokyo, and more than 3% in Kitakyushu. In absolute val-
ues, the impacts of compatibility and greenery were 7.2 and
8.0 thousand Yen/m? (62.6 and 69.6 US$/m?) in Tokyo, and 2.23
and 2.45 thousand Yen/m? (21.3 and 22.1 US$/m?) at the aver-
age land price level in Kitakyushu. These results were reasonable
for both cities. In terms of the amount, the influence of landscape
amenity on land price should not be ignored.

Second, the empirical results in Tokyo and Kitakyushu
demonstrated a high level of robustness, thus suggesting that
subjectivity had been kept to an acceptable level. Consequently,
the proposed method can be generalized.

The evaluation structures of urban landscapes were identical
in the two cities. In either case, compatibility and greenery were
the main attributes in urban landscapes. Although the assess-
ments of the 11 factors being investigated were different (as
shown in Fig. 2), the levels of compatibility and greenery in the
two cities were not (1= —0.25 and r=0.099, respectively).

Table 5
Comparison of the results for Tokyo and Kitakyushu®

Additionally, the estimated hedonic prices of compatibility
and greenery were comparable in scale, though the marginal
effects in Tokyo were higher with respect to absolute values,
and those in Kitakyushu were slightly higher with respect to
percentages.

Since, Tokyo and Kitakyushu are typical examples of
Japanese cities, the proposed method could be generalized to
other areas, i.e., it could be used as a formal framework for
judging the loss and benefit of landscape changes in practice.

Third, the results of hedonic pricing analysis indicate effec-
tive strategies for improving urban landscapes in built-up areas.
Because principal components are linear combinations of the
product of eigenvectors and standardized landscape factors, the
estimates for compatibility and greenery in the 11 dimensions
can be broken down. Thereby, the marginal effects of the 11
landscape factors on land price were computed (Table 5). For
instance, by a one-point increase in the continuity of external
walls (A1), land prices can rise by 0.72% in Tokyo and 0.43%
in Kitakyushu. The effects associated with greenery-related fac-
tors are even larger; for example, in well-greened areas in Tokyo,
land price was 10.35 thousand Yen/m? (90 US$/m?) higher than
that of other areas (shown by the results of B1); in Kitakyushu,
the marginal effect of the same factor was 3.08 thousand Yen/m?
(26.8 US$/m?), which is also the largest among considered
factors.

In Tokyo, the benefits of keeping the continuity of external
walls (A1), conformity of colors and materials (A2), and

Tokyo

Kitakyushu

Marginal effect on unit price
(in thousand Yen/m?/in US$/m?)

Elastic coefficient
(impact on average unit price)

Average marginal effect on unit price Elastic coefficient
(in thousand Yen/m?%/in US$/m?) (impact on unit price)

ATl: Continuity of external +4.31/37.5 +0.0072
walls (1,0, —1)

A2: Conformity of colors and +4.71/41.0
materials (1, 0, —1)

A3: Compatibility of building +5.27/45.8
styles (1,0, —1)

A4: Beauty of skylines
formed by buildings
(3,2,1,0,-1)

AS: Openness and scale of
buildings (1, 0, —1, —2)

A6: Visually aesthetic and
continuous greenery
2,1,0)

B1: Greenery of walls and
trees (1, 0)

B2: Greenery of open
pedestrian spaces
(2,1,0,—1)

B3: Favorable pedestrian
space (1,0, —1, =2, =3)

B4: Friendly outdoor space
(1,0, —1)

BS5: Decorations and street
furniture (2, 1, 0)

+0.0078

+0.0087

+2.52/21.9 +0.0042

+5.81/50.5 +0.0096

+10.35/90.0 +0.0172

+7.52/65.4 +0.0125

b

+0.32/2.8 +0.0043
+0.35/3.0 +0.0048
+0.49/4.3 +0.0067
+0.19/1.7 +0.0026
+0.64/5.6 +0.0088
+2.82/24.5 +0.0385
+3.08/26.8 +0.0421
+2.85/24.8 +0.0389
+2.76/24.0 +0.0377
+0.20/1.7 +0.0027
0.49/4.8 +0.0067

2 Exchange rate 1000 Yen=38.696 US$ was used for the computation.
b Means non-significant.
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compatibility of building styles (A3) are prominent, suggesting
the effectiveness of regulating the position, colors and materials,
and styles of buildings in neighborhoods. Also, the greenery
of walls and trees (B1), open pedestrian spaces (B2), and
visual quality of greenery (A6) brings the largest benefits
among the 11 factors. Accordingly, taking actions to improve
landscape amenity in these aspects will be efficient. Similar
indications were found from the analysis of Kitakyushu, whilst
the effectiveness of providing favorable pedestrian spaces as
suggested by B3 should also be emphasized.

Finally, and most important, the analysis suggests the
importance of collaborations at neighborhood levels for the
improvement of landscape quality. This point is of critical impor-
tance in the management and planning of urban landscapes.

In built-up areas, compatibility and greenery depended on
the qualities of building groups and neighborhoods rather than
those of individual buildings. Therefore, to improve landscape
qualities, the joint efforts of neighborhood members were nec-
essary. In this sense, regulations that merely focus on individual
sites or on the land use of large-scale districts are not sufficient;
instead, policies encouraging and inducing cooperation at the
neighborhood level are more effective.

This necessitates adequate involvement of residents in local
environmental affairs, as well as effective support from the side
of local authorities or non-profit organizations. Nowadays, the
importance of this point is increasingly recognized. In some
wards of Tokyo, for example, municipal governments have
enacted policies to encourage residents to green the walls and
fences along streets by providing subsidies or reducing property
taxes, and to send personnel to help residents make covenants
concerning the features of buildings and greenery. Meanwhile,
there have been successful examples where neighboring resi-
dents initiated and made agreements by themselves.

The motives of such neighborhood-based efforts are empiri-
cally proven in the analysis reported here. Accordingly, activities
and policies leading to collaboration, such as ‘district plan-
ning’ made by the local government and ‘building and landscape
covenant’ made by residents should be further enhanced in the
future.

4. Concluding remarks

The above analyses showed that the proposed method is
effective for evaluating urban landscape amenities, i.e., standard-
ized survey, principal component analysis and hedonic analysis.
They also suggested that strategy for landscape administration
and planning should generally emphasize the compatibility of
buildings and greenery of neighborhoods.

The analyses of the economic values of urban landscape
amenities indicate that programs should be provided to motivate
residents to preserve or create landscape amenity cooperatively,
and justify planning policies that encourage neighborhood-
based cooperation. With the impact of landscape amelioration
or damage being elucidated, it also makes it possible to deter-
mine how benefits are adjusted among concerned people, and
may help public landscape management sectors optimize their
budget plans.

Although the analysis was confined to the residential areas in
two Japanese cities, the implications may be extended beyond
these specific areas. As a matter of fact, the significant effects
of compatibility of buildings and that of greenery in urban
built-up areas agrees with the outcomes reported by many other
researchers, such as Groat (1984), who proved a high level of
consistency in the preference judgments of the compatibility of
buildings in American cities; Burgess et al. (1988), Mazzotti and
Morgenstern (1997), and Jim (1999, 2004), who elaborated the
values of green space in urban areas. This, from another view-
point, corroborates the effectiveness of the proposed framework
for landscape evaluation. Comparisons of the evaluation struc-
tures and the economic impacts of urban landscapes across cities
with more land use types and broader demographic and socio-
economic differences will be a subject of our future research.
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Appendix A. Details on the data for Tokyo and
Kitakyushu samples

Tokyo (valid sample size: 272)* Kitakyushu city (valid sample size: 181)

Railway linesP

Time to the nearest railway
station

Time to Yamanote line®

Railway lines®

Time to the nearest railway station and
bus stop!

Configuration of lot (size; frontage;
irregular or not)

Configurations of lot (size; Number of front roads; directions
frontage; irregular or not)

Number of front roads; Quality of front road (width; dead-end or

direction(s) not; pavement, slope; public or private)
Quality of front road (width; Adjacent land use (farm, factory, parking
dead-end or not; pavement, lots)

slope; public or private)
Adjacent land use (farm, factory,
parking lots)
Distance to park, school,
hospital, shopping center, etc.
Available sunshine duration

Obnoxious facilities in neighborhood

Intensity of land use mixture in

neighborhood

Distance to park, school, hospital,

shopping center, etc.

Noise and vibrations in Land use zone
neighborhood

Obnoxious facilities in
neighborhood (e.g., waste
treatment, cemetery)

Intensity of land use mixture in
neighborhood

Designated floor-to-area ratio and
building coverage ratio

Evaluation of chome on the density of
wood-structure buildings
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Tokyo (valid sample size: 272)?

Kitakyushu city (valid sample size: 181)

Land use zone

Effective floor-to-area ratio of
lots

Beauty area designated by
planning

Economic rank of chome (taxes
in chome)

Implementation of ‘district plan’

Criminal occurrence in the past
years
Average elevation of chome

Population density in chome

Density of road in chome

Proportion of vacant land in
chome

Coverage ratio of detached
houses in chome

Proportion of wooden structure

Evaluation of chome on emergency roads
in fire disasters

Evaluation of chome on dangers of
natural disasters

Evaluation of chome on hazard

Evaluation of chome on
criminal-prevention

Evaluation of chome on pollution and
noise

Evaluation of chome on public
transportation

Evaluation of chome on accessibility to
artery roads

Evaluation of chome on welfare facilities
Evaluation of chome on medical facilities
Evaluation of chome on daily facilities

Evaluation of chome on education
facilities
Evaluation of chome on commercial

buildings facilities
Proportion of buildings Evaluation of chome on parks and public

constructed before 1970 space
Evaluation of chome on coverage of
greenery
Evaluation of chome on open space
Evaluation of chome on planning
regulations in terms of landscape beauty
Evaluation of chome on sustainability of
environment
Evaluation of chome on balance of
population

2 See Gao et al. (2006), for more details on the Tokyo data.

b There are 13 railway lines across the study area. According to the average
land price levels along the lines, they were classified into five variables: the JR
Chuo line, Seibu lines, Keio line, Tokyutoyoko line, and others.

¢ Including the JR Kagoshima line, Chikuho line, Hitahikosan line, and a
monorail line.

d Local bus service plays an important role in Kitakyushu, so these data were
also included.

¢ Railway line surrounding central Tokyo areas.
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