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Abstract

Building new districts has become one of the most important urbanization methods of the past few
decades in China. The planning scheme for new districts pursues the government’s and citizens’ idea
of sustainable development coupled with a livable environment. Green spaces, which connect residents
with a natural environment, can provide various kinds of ecosystem services that are essential for
human well-being. However, there exists an imbalance of ecosystem services supply and residents’
demands, bringing about green inequity in many cities; is the same true in planning-first new districts?
This paper proposes a conceptual framework to match the supply and demand of ecosystem services
provided by green spaces, by analyzing the ecosystem services sources, the benefiting areas, and
residents’ distribution and activities. The supply and demand of culture services by public parks in
Jinan Western New District was selected to examine the framework. The results show that the supply-
demand mismatch exists in every sub-district of the research area. Newly built areas have more supply
surplus and supply-demand balanced blocks; over-demand blocks are mainly distributed in old towns,
followed by peripheral urban areas. The methods in this study can be used to examine green space
distribution in new districts. The findings can then be used to optimize the green space system, which
can improve the urban living environment and help achieve social equity.

Keywords: green spaces, urban new district, ecosystem services, supply-demand mismatch

Introduction districts in China began in the 1990s with the

“Development areas”, which focused on industrial

Construction of New Districts in China development and were the main mode at that time [1].

Since the 21 century, “comprehensive new districts”

In recent decades, China has experienced rapid have become important carriers of economic transition
urbanization; one way to expand an urban area is in many regions in China; industry development is
to construct new districts. The construction of new no longer the primary purpose of the new districts,

and attention has been paid to intensive land-use and
ecological environmental protection [2]. The number of
new districts in China has increased rapidly in the past
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Fig. 1. The total area and number of new districts in China from 1984 to 2011 (redrawn from Zhu’s article [2]).

40 years (Fig. 1). According to a report from the State
Council of China in 2015, on average each provincial
capital has 4.6 new districts and each prefecture-
level city has about 1.5 new districts [3]. Obviously,
the construction of new districts has become one of
the main approaches to accelerate urbanization and
economic transition.

Planning first is a major feature that distinguishes
new districts from old towns; development goals such
as low carbon, ecology and livability are usually
promoted before the construction of new districts. Most
new districts designated at the beginning of the 21st
century have been completed. Can the new districts
achieve the goals in the planning scheme, meet the
needs of urban residents, and enable urban residents to
enjoy services from urban parks freely? This needs to
be demonstrated.

Green Spaces and Ecosystem Services
Supply-Demand Mismatch

Green spaces, especially urban parks, are
fundamental elements of cities throughout the world [4].
They provide multiple ecosystem services (ES) that are
necessary for urban residents. For example, many parks
promote both the physical and psychological health of
urban residents by regulating the surrounding micro-
climate and providing green views and places to do
physical activities [5, 6]. Also, the vegetation ground
in green spaces can reduce stormwater runoff, mitigate
the urban heat island and support biological diversity
[7, 8]. It is important to have access to green spaces
— particularly for urban residents who have limited
contact with the natural environment [9].

However, with urbanization, built-up areas have
spread into natural spaces nearby, leading to more
residents with fewer and more fragmented green spaces,
causing an unbalanced supply and demand [10]. Many
researchers confirm the widespread evidence of green
space inequity throughout the world. Green spaces and
the corresponding ecosystem services are not always
equitably distributed either in urban areas or the urban

periphery. Residents’ access to green spaces is generally
associated with their age, ethnic-racial characteristics,
wealth, education, and other socio-economic features
[11, 12]. The mismatch between green space supply
and residents’ demands has been recognized as an
environmental justice issue and has been taken seriously
by both scholars and governments [13].

Many studies have focused on green spaces’
ecosystem services supply and demand. Considerably
more attention has been devoted to the supply side than
the demand one, mainly concentrating on the evaluation
of green spaces’ supply [14]. For example, one study
summarized the total amount of green space in a city
and evaluated the total value of the ecosystem services,
as a basis to estimate green space supply capacity
[15]. Many studies map the service scope of each
green space based on the GIS platform, and analyze
the walkable accessibility in a certain time or distance
[16, 17]. Estimating the cultural services of green
spaces using questionnaires is the most frequently
adopted method [18]. Approaches to evaluating users’
demands can vary according to researcher’s objectives.
Several studies surveyed users’ preferences, emotions,
and perspectives — mostly through questionnaires and
interviews, to find out enjoyable green spaces and
obtain users’ demands, which can be used as guidelines
to optimize the supply quality [19, 20]. Some
researchers took population density and economic level
as indicators to represent the demand [15]. In many
investigations, the residence of green space users was
located to map the demand area and corresponding
demand degree. By doing so, the supply-demand
mismatch areas can be mapped [21, 22]. Although
different approaches have been used to evaluate
ecosystem services’ supply and demand levels, there
is little discussion on approaches to match supply and
demand. Many indicators have been used to reveal
green space inequity and to determine the inequity
level, either by combining a Lorenz curve with a Gini
coefficient to describe the mismatch of supply and
demand, or by proposing new concepts to measure the
inequity level [23, 24].
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Table 1. The four kinds of ecosystem services according to The Millennium Ecosystem Assessment.

Types Explanations

Examples

Provisioning services

Products obtained from ecosystems

Food; Fresh water; Biochemicals

Regulating services

Benefits obtained from regulation of ecosystem processes

Climate regulation; Water regulation;
Water purification

Supporting services .
PP & services

Services necessary for the production of all other ecosystem

Soil formation; Primary production

Cultural services

Nonmaterial benefits obtained from ecosystems

Recreation; Aesthetic; Educational

Despite the importance of achieving a supply-
demand balance, it is largely unknown whether green
spaces are equitably distributed in many cities in China
[13]. Many people, even governments, believe that the
green space supply-demand mismatch can be effectively
solved in new districts by advanced urban planning
schemes. However, it is still unknown whether new
districts built according to urban planning schemes
achieve the goal of matching green space supply and
demand. Gaps in theory and practice call for a clear
framework to match green space ecosystem services
supply and residents’ demands, and more empirical
studies with fine resolution are needed to support the
practical projects.

In this paper, we propose a conceptual framework
for green space supply and demand matching that can
reveal the mismatched conditions in urban areas and
help promote social equity. Jinan Western New District,
a typical comprehensive new district whose development
has been accelerated by a high-speed railway station,
is our case study. There exists the spatial-temporal
changes in residents’ distribution in urban areas, and
more evaluation methods rather than demographic data
are needed to represent the city’s real demands [10, 25].
Hence, this study combines open data with an urban
planning layout to represent the residents’ distribution.
The study chooses “block™ as the basic research unit; it
is the smallest area surrounded by urban road [26].

The Supply-Demand Matching
Conceptual Framework

In this study, supply and demand refer to the supply
of ecosystem services provided by green spaces and
users’ demands; each type of supply and demand can be

discussed from the aspects of quantity and spatial pattern
[27]. Before constructing the matching framework, the
characteristics of supply and demand and their spatial
matching approaches should be clarified. It is vitally
important to discover how the ecosystem services flow
from the sources to the residents and how these services
are used by the residents.

Green Spaces and Ecosystem Services:
Supply Sources and Benefiting Areas

Green spaces are sources of a variety of ecosystem
services. According to the Millennium Ecosystem
Assessment (MA) [28], ecosystem services can be
divided into four categories: provisioning services,
regulating services, supporting services and cultural
services (more details and explanations are given in
Table 1) [29]. Considering that supporting services
underlie other services and that provisioning services
are significant in rural areas, in urban contexts,
regulating services and cultural services provided by
urban green spaces have important value [30, 31].

In addition to focusing on ecosystem service
benefits, it is important to know how ecosystem
services flow from service production sources (green
spaces) to where the benefits are realized. In Fisher’s
study, a classification was developed to describe
the spatial characteristics of ecosystem sources and
benefiting areas, including the three categories shown in
Table 2 and Fig. 2 [32]. Unlike many provisioning
services whose products can be delivered from one
place to another artificially, many ecosystem services
cannot be moved, i.c., the benefiting arcas of these
services have a close spatial connection to green spaces.
For example, recreation services are in-situ; people
make use of them only when they can access them, i.c.,

Table 2. Three kinds of ecosystem service divided by spatial characteristics.

Types

Explanations

Examples

In situ services

Locations that services provided and benefits realized
are the same

Soil formation; Recreation;

Omni-directional services

Services provided in one location, and benefits surrounded
the location without directional bias

Carbon sequestration;
Climate regulation

Directional services

Where the service provision benefits a specific location due to
the flow direction

Water regulation services provided by
forested slopes
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A in—-situ services

Fig. 2. The spatial patterns of green spaces and benefiting areas.

the benefiting areas of these services are in the green
spaces. Many regulating services, however, are omni-
directional services; the benefiting areas are usually
bigger than the vegetation areas in green spaces, and
their scope varies. As a result, to evaluate the supply
scope and quantity, we need to analyze how ecosystem
services are delivered from green spaces and the spatial
pattern of the benefiting areas.

In this study, the supply-demand matching
conceptual framework concentrates on regulating and
cultural services, including air purification, temperature
regulation, recreation, and education. The spatial
distributions of these services are directly related to t
heir sources and flows, and are difficult to be transferred
artificially. Further understanding of how ecosystem
services flow from green spaces to benefitting areas is
essential for spatial planning, which might be the most
important method for redistributing ecosystem services.

Residents’ Location and Traveling Distance:
Demand Sources and Demand Flow

Similar to green spaces and ecosystem services

flow, this study considers residents’ location as demand
sources; residents’ travel to ecosystem services

Step 1 Step 2

* Analysis ES flows and
benefiting areas.
*  Mapping the supply
¢ ESthat can meet scope and degree.

residents need.

Benef i$ng areas

B omni—-directional services

Benefiting areas

C Directional services

benefiting areas can be regarded as demand flow.
Different kinds of ecosystem services have different
attractions for residents, thus the travel distance that
people accept to enjoy different ecosystem services
varies. For example, residents are happy to travel a
relatively long distance to national parks or heritage sites
and may stay overnight in green spaces with ecotourism
or heritage protection services but, for daily recreation
in public parks, 15 minutes walkable distance from
home or office is acceptable [33, 34]. This factor is much
more related to individual differences than ecosystem
conditions [35]. Additionally, ecosystem services, like
urban heat island alleviation and air purification, are not
attractive enough to drive residents to travel there, so
the benefiting areas need to be consistent with residents’
distribution. Therefore, identifying users’ location and
the acceptable traveling distance to a certain kind of
ecosystem service are essential factors in mapping their
demand degree and area.

Steps of Supply-Demand Spatial Matching
The conceptual framework for green space supply

and demand matching comprises four steps as shown in
Fig. 3, and is described in the following sub-sections.

Step 3 Usage of results

Find out ways people
make use of ES. Maps can be used as
Present residents references for urban
distribution and activity. planning :

*  Map of ES supply

e ESthat Step 4 e Map of residents’
stakeholders . demand
B Supply Demand Matching - Ve

* ESthat consistent
with urban

demand mismatch

Gt Matching areas
development goals. S Pely results e Map of green
S o . spaces with low
= service efficiency
Demand .

Overlap supply and demand maps to identify mismatch areas

Fig. 3. The conceptual framework for green spaces supply and demand matching.
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The key point is to combine the ecosystem services
benefiting areas with residents’ travel flow. The first
step is to determine which ecosystem services need
to be discussed in supply-demand matching, through
residents’ demands or stakeholders’ participation [36].
Different kinds of ecosystem services play different
roles in a given city and depend on its environmental
and socio-economic characteristics [31, 37]. Then
you need to map the provision of ecosystem services,
i.c., the benefiting areas of the ecosystem services. In
this step, you need to ensure that green spaces and
the corresponding ecosystem services are spatially
consistent, otherwise the benefiting distance that
ecosystem services flow from green spaces need to be
studied by field investigation or literature reviews. The
third step is to map the area and degree of residents’
demands. For this, we need to figure out how the
ecosystem services are used by the residents, and
whether most residents are willing to take the initiative
to enjoy these services. If not, the residents’ locations
can be regarded as demand areas, otherwise the distance
that users are willing to travel needs to be considered.
The final step is to match the supply and demand areas
spatially. In this, both the supply and demand results
need to be standardized and mapped in a unified unit so
that results can be compared and matched.

Based on the steps above, this study uses Jinan
Western New District as a case study, matching its
public parks cultural service supply and the residents’
demands. We map the supply and demand with the
“block” as the basic unit in order to find the supply-
demand mismatch blocks and combine those with field
investigation to examine the matching results.

Jinan
Western New

Material and Methods
Study Areas

Jinan western new district is in the west of the
city, Shandong Province, China. Jinan is located in
the northwestern part of Shandong Province (116°57'
E, 36°40" N), and has a humid continental climate
with four well-defined seasons. Being the capital of
Shandong Province, Jinan has held sub-provincial
administrative status since 1994; it had a population
of 6.43 million in 2017. Since 2011, the area of parks
in Jinan has continued to grow, but the per capita park
area has grown slowly (from 10.9 m/person in 2011 to
11.79 m/person in 2017) because of the population
expansion.

The study site, Jinan Western New District, is
known as the only growth pole in western Jinan. It
covers a total area of 450 km? (Fig. 4). It has been built
since 2003 and consists of 7 sub-districts defined by
administrative divisions and the conceptual planning
scheme. In 2008, the construction of the Jinan Western
Railway Station on the Beijing-Shanghai high-speed
railway made the Jinan Western Railway Station area
the core growth pole of the district. Unlike many other
new districts in China, there are still old towns and rural
areas in Jinan Western New District. In this paper, old
towns refers to towns that were built before the research
area was delimited. These towns originally developed
from villages, counties or communes since the 1950s
and have been urbanized since the 1980s. The newly
built areas were planned and built after the Jinan
Western New District had been delimited. It should

“Lashan
River 7
@ The Western /

\
\

l:| Public parks

Waters and Wetlands

-=+= Research Area Boundary
—————————— Sub-district Boundaries
Urban Road Network

L4 Sub-district Lables

Fig. 4. The location of Jinan western new district and the public parks distribution.
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be noticed that the construction of new towns in Jinan
Western New District were based on an advanced urban
planning scheme and have undertaken specific urban
functions, such as education, business and finance.

Of all the 7 sub-districts, Jinan Western Railway
Station area and the university town are newly built
areas in 2003 and 2008, respectively, with the aim
of stimulating economic growth of the surrounding
areas. Changqing old town and Dangjia town are old
towns with dense populations, but are not the core of
the development. Duandian, Ping’an and Gushan are
old towns distributed in the peri-urban area, with a
low density of buildings and population. So far, with
the construction of two newly built areas completed, a
shortage of public parks exists.

Approximately 41.36% of Jinan Western New
District is covered by vegetation, mainly farmland
and lowland hills. There are only nine public parks
(including one green corridor along the river and one
county park) to provide cultural services for residents in
the built-up area (108.72 km?). To maintain sustainable
development and promote living environment quality,
the government is placing great emphasis on the
optimization of public park quantity and service
efficiency. However, with the rapid expansion of
construction land, there is less room for new parks. To
make good use of the limited land and improve public
park service efficiency, it is essential to identify blocks
with a high demand for parks, as a basis to optimize the
green spaces system.

Data Sources

The data for this paper come from several sources.
The basic information and land-use of Jinan Western
New District are from the Jinan statistical yearbook
(2018) and the Jinan Western New District conceptual
plan. The public park locations were identified in
remote sensing images with 0.5 m resolution from
the National Geography Information Public Service
Platform of China (Tiandi Map). The road network of
the Jinan Western New District was extracted from the
Jinan City road network, which was downloaded in GIS
format from Open Street Map in April 2018. In addition,
this study has used point of interest (POI) data, one of
the most commonly used open data sources in urban

Table 3. The details of the POI data in Jinan western new district.

research in China. POI is a basic unit of information
with specific point coordinates in online map and social
networks, with a considerable group of people finding it
useful or interesting [38]. Each POI has a corresponding
geographic entity in an online map, be it a school, a
park, bus stop, or residential district, and the distribution
of POI data are considered to have a close relationship
with population density in many studies [39]. POI data
can also be classified, displayed, and calculated with
the support of the GIS platform [40]. In this paper, POI
data were obtained from Baidu Map — the largest online
map in China; the four vertices’ projection coordinates
of the rectangle acquisition range are 116.64 E, 36.69
N; 116.96 E, 36.69 N; 116.64 E, 36.46 N; 116.96 E,
36.46 N. The collection date was December 11, 2017,
and the total number of POIs is 20,870. POI data have
been divided into 17 classes according to their attributes
in the Baidu Map, as shown in Table 3.

Multiple steps were undertaken to pre-process
the data. First, we digitized all data in the geographic
information system (GIS) platform, projecting them
under the same coordinate system. Then, Jinan
Western New District was divided into 792 blocks
according to the road network. The basic study unit is
the block, the smallest area surrounded by an urban
road, corresponding to the concept of “dikuai” in
China, which is often used in urban studies, because
it is convenient to link the research results to urban
planning. Finally, taking the blocks as the calculation
unit, the min-max method was applied for normalizing
the evaluated results; each value was assigned to its
corresponding block.

Data Analysis
Ecosystem Services Selection

In Jinan Western New District, green spaces are
mainly distributed in the periphery of built-up areas,
and include farmland, forest, and wetland. They can
provide a variety of ecosystem services for residents,
such as clean water and food, purify air, and places
for recreation. In built-up regions, public parks are the
most important green spaces in which residents can
enjoy a variety of cultural services, including sport,
socializing and nature experiences, which can improve

Class name Amount Class name Number Class name Number
Government agencies 1043 Educational institutions 205 Vehicle maintenance shops 1205
Residential quarters 1035 Financial institutions 534 Media institutions 138
Companies and enterprises 2827 Restaurants 3403 Beauty salons 394
Shops 3828 Hotels 893 Entertainment venues 925
Hospitals and pharmacies 811 Life services 2035 Sports facilities 31
Traffic facilities 1389 Scenic spots 174 Total 20870
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their physical and mental health [41]. In this study, one
of the most important cultural services, recreation, was
selected as an indicator to reveal the supply-demand
mismatch of cultural services provided by public parks,
because it is closely related to residents’ daily needs and
can meet the government’s goal of building a livable
city.

Cultural Service Supply Evaluation
and Mapping

Most cultural services are in-situ services like
recreation, and the traveling distance of users needs
to be considered. To simplify the evaluation, we took
each park’s service scope as the benefiting area; people
located within the scope can use the recreation service
conveniently. The closer people are to public parks, the
time and distance cost to access the park is lower and
people can enjoy a higher level of recreation services.
Network analysis in ArcGIS was used to draw each
park’s service scope. We located each park entrance on
the road network and set a walking speed to simulate
the possible scope that residents can reach by walking
10, 15, and 30 minutes from the park entrances. Each
scope can be considered a service benefiting area. To
determine the supply level, the ratio of 10-, 15- and
30-minute walking benefiting areas to block area were
calculated. Additionally, a weighted stacking method
was used to overlay 10, 15, and 30 minutes walking
scope; the weight was decided by urban residents’ and
experts’ judgements.

Urban Residents Demand Evaluation
and Mapping

As resident flow has already been considered when
estimating public parks’ service scopes, the next step
is to identify the demand sources (users’ distribution).
Blocks with a dense population and a high vitality
always have a higher demand for public parks. We
chose the POI density and planned land-use layout
diversity to represent population density and urban
vitality, respectively. The POI density was calculated to
determine the degree of population aggregation. First,
certain classes highly related to population density
were selected. According to Chun’s study, some classes
of POl have a higher correlation with population
density, e.g., beauty salons, hospitals and pharmacies,
entertainment venues, residential quarters, restaurants,
shops, and educational institutions [42].These classes of
POI were distributed in the GIS platform based on their
coordinates and joined to the nearest blocks. Finally,
we counted the number of POIs in each block and
calculated the density by dividing by the block area.

Some areas in Jinan Western New District are
now under construction. Although these arcas have
few residents now, they may be the future core of the
region. Considering long-term development, we use
the Shannon diversity index (SHDI) to calculate the

land-use diversity to express the demand, calculated as
follows:

SH])Ii = _ZZ:I [Pik X ln(Pik )]

138

Each block was numbered and assumed as ‘i
(i values range from 1 to 792, the total number of
blocks). Similarly, we numbered the land-use type and
labelled it ’k’. SHDL. is the Shannon diversity index of
the i-th block, and P, is the ratio of the k-type patch
area in the i-th block to the block area. The land-use
layout of the Jinan Western New District conceptual
plan was converted to raster data and segmented into
792 parts according to the blocks. Fragstats 4.1 was
used to calculate each block’s SHDI. After these steps,
the POI density and Shannon diversity index of all
blocks were normalized separately and overlaid in equal
weight to achieve the final results.

Culture Services Supply-Demand Matching

The final step is to match the supply and demand
evaluations. All data were normalized and divided
into five degrees by the method of natural breaks
(Jenks). To correspond the supply and demand levels
(e.g., to ensure a high-level supply satisfies a high-
level demand), several blocks were sampled for field
investigation and residents were interviewed to adjust
each level’s threshold. The supply and demand maps
were spatially associated to identify supply surplus
blocks, supply deficit blocks and supply-demand
balanced blocks. We thus revealed the mismatches
between supply and demand from the aspect of quantity
and spatial distribution and tabulated the supply and
demand amount of the 7 sub-districts and summarized
the distribution characteristics of mismatched blocks.

Results

Characteristics of Culture Service Supply
in Jinan Western New District

Table 4 shows the maximum, minimum and mean
values of recreation services supply in each sub-district.
Obviously, the supply levels in newly-built areas are
much higher than those in old towns and the peri-urban
areas. The maximum values in the western railway
station and the university town areas were 12.99 and
9.15, respectively, which means that in these two sub-
districts, park entrances are densely distributed in
some blocks and the 10 minute walking scope of each
entrance overlapped in these blocks. Conversely, the
minimum value for seven sub-districts is 0, i.e., there
are blocks in every sub-district with no access to
cultural services; residents living there cannot reach
parks in a 30-minute walk. The distribution of public
parks might be excessively concentrated in Jinan
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Table 4. The cultural service supply values in the seven sub-districts of Jinan.

Value of culture service supply
Sub-districts
Mean value Maximum value Minimum value
The western railway station area 3.12 12.99 0
Newly-built areas
The university town 2.83 9.15 0
Changqing old town 0.95 5.06 0
Old towns
Dangjia town 0.22 2.19 0
Gushan town 0.12 1.29 0
Peri-urban areas Ping’an town 0.29 2.74 0
Duandian town 0.08 0.91 0

Western New District — especially in newly built areas.

The supply evaluation values were divided into five
levels and mapped; the proportions of each level and
the maps are shown in Fig. 5. Residents living in deep
red blocks have greater opportunity to access public
parks. Most blocks in Jinan western new district have
a low level of cultural service supply; there are seven
cores located in the center of seven sub-districts with
a higher supply level than other blocks. Blocks with
a high supply level are concentrated in Jinan Western
Railway Station area and the university town; there are
no blocks with a high supply level in the old towns and
peri-urban areas. Although Jinan Western New District
has been designated as a new developing core and has
been under construction for 15 years, almost no parks
are available for residents in peri-urban residential
areas.

Characteristics of Resident Demand
in Jinan Western New District

Tables 5 and 6 show the evaluation results of resident
demand from POI density and land-use diversity. The
POI density reflects current demand for public parks.

Duandian town
Ping'an town
Gushan town
Dangjia town

Changging old town
The university town

Jinan western railway station area

0.00% 20.00% 40.00% 60.00%

Low wmRelatively low mMedium

The proportion of 5 levels in each sub-district

Fig. 5. Cultural service supply level proportion by district.

80.00%

The mean value of POI density in the old towns is
nearly six times that of the new towns; there is no doubt
that the old towns have a higher vitality and greater
demand for public parks. The new towns, however, lack
population and vitality. Of all the sub-districts, two
located in peripheral urban areas have the lowest POI
density; the demand for public parks here is lower than
in city central areas.

The land-use diversity index indicates the demand
for cultural services in future developments and the
evaluation results are quite different from POI density.
There is no obvious difference between new and old
areas in the average value of the land-use diversity
index, though the minimum values in the newly built
areas are much higher than those of the old towns.
The land-use diversity index varies greatly in the
old towns, but in the new areas is more balanced (the
standard deviations of the land-use diversity index in
the two newly built areas are 0.16 and 0.19, whereas
in the two old towns they are 0.48 and 0.61). Because
of the planning first development mode, the spatial
differences of demand level in western railway station
and university town areas are relatively small for the
future. There is little difference in land-use diversity
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Table 5. The POI density values for the seven sub-districts of Jinan.

Value of residents demand-POI density
Sub-districts
Mean value Maximum value Minimum value
The western railway station area 2.25 66.33 0
Newly-built areas
The university town 1.90 37.12 0
Changqing old town 13.92 108.86 0
Old towns
Dangjia town 12.11 307.08 0
Gushan town 1.72 19.32 0
Peri-urban areas Ping’an town 0.98 6.91 0
Duandian town 2.70 30.21 0

Table 6. Land-use diversity values of the seven sub-districts of Jinan.

Value of residents demand-land-use diversity
Sub-districts
Mean value Maximum value Minimum value
The western railway station area 2.00 2.35 1.55
Newly-built areas
The university town 1.86 243 1.46
Changgqing old town 2.02 2.63 0.44
Old towns
Dangjia town 1.71 2.50 0.17
Gushan town 1.65 2.26 0.15
Peri-urban areas Ping’an town 1.70 2.44 0.45
Duandian town 1.90 2.45 0.45

index between the urban and peri-urban areas; their
future demand for public parks is equivalent.

The proportions of each demand level are
summarized, mapped, and shown in Fig. 6. Blocks
colored deep red have a higher demand for urban parks,
and their distribution is consistent with construction
land. Compared with the newly built-up areas, the
old towns have a higher demand level; 25.98% and
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The university town

Jinan western railway station area
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9.45% blocks of Changqing and Dangjia old towns,
respectively, have a high demand level, whereas the
western railway station and the university town areas
are 2.72% and 3.45%, respectively. Peri-urban areas
have a lower demand level for recreation services than
central areas, which is manifested in the absence of
high demand blocks, and the proportion of low demand
blocks is higher than central urban areas.
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Fig. 6. Cultural service demand levels by district.
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Fig. 7. Cultural service supply-demand mismatch level by district.

Supply-Demand Mismatch in Jinan
Western New District

The cultural services supply and demand of each
sub-district were normalized and matched as shown in
Fig. 7. There is an obvious mismatch between supply
and demand in Jinan western new district. All sub-
districts — no matter if they are new areas, old towns
and peri-urban areas — have blocks with an acute
shortage of public parks; old towns are more serious
than the newly built and peri-urban areas. For example,
65.35% of the blocks in Changqing old town and 41.73%
of them in Dangjia town have the highest supply deficit
compared with Jinan Western Railway Station and
university town areas that have 20.85% and 13.79%,
respectively. Blocks with the highest supply surplus
exist only in Jinan Western Railway Station and the
university town areas, near a big exhibition park and
along the Lashan River. Many blocks in new areas have
a balance between supply and demand, but there are
still deficit blocks, mainly in fringe areas. Compared
with central urban areas, both supply and demand levels
in peri-urban areas are lower; the blocks with a supply-
demand balance are mainly distributed in non-urban
construction regions, with almost no public parks or
residents.

In general, old towns located in urban centers have
the most urgent need to increase public parks and
optimize urban green space systems, followed by old
towns in peri-urban areas. In newly built areas, the
existing public parks can meet the needs of most people,
but more parks are needed in fringe areas.

Discussion

This study proposes a conceptual framework to
match the supply and demand of urban green spaces
using Jinan Western New District as the case study
and matching its cultural services supply and resident

80.00%

Legend
I Svpply Surplus

- Balanced
[ |

100.00% | Supply Deficit

Highest supply deficit

Map of supply-demand matching

demands. The results indicate that there is a significant
mismatch between supply and demand in Jinan Western
New District, old towns and peri-urban areas that need
more parks. Newly built arecas have a better supply of
recreation services.

Ecosystem Services Supply and Demand
Matching Framework

Green space efficiency and equity are two aspects
that residents and policymakers are concerned about in
the context of urban expansion in China [43]. As green
space resources are limited, efficiency means obtaining
the biggest benefits from limited green spaces, and
equity refers to how the benefits are distributed among
society [44]. To promote efficiency and equity, the
critical issue is matching ecosystem services supply
and residents’ demands. However, most studies simply
regard green spaces as the supply side and they lack
consideration of ecosystem services. There are spatial
connections and differences between green spaces
and the ecosystem services provided by green spaces;
ecosystem services can be available on the local and
global scale and many services can be artificially
transferred from their sources to places where people
live [30]. The spatial characteristics in generation,
transmission, and consumption vary among ecosystem
services and need to be considered when evaluating
and mapping. In many supply-demand matching
studies, service type is not clearly defined. The type of
ecosystem service can be determined either based on
residents’ and governments’ requirements and regional
development goals, or through analyzing ecosystem
service bundles to identify the leading ecosystem
service at the study site [45].

In urban construction areas, studies have mainly
concentrated on cultural and regulating services;
these in-situ services are location-sensitive and can be
distributed through spatial planning. Although many
studies have not exactly raised the issue of supply
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and demand, their research methods and objectives
are closely related to supply-demand matching, either
choosing green space accessibility as an indicator to
present supply-demand inequity, or matching certain
kinds of ecosystem services provided by green spaces
with social groups or stakeholder preferences [46, 47].
Despite the abundance of research about green space
supply-demand matching, a systematic framework to
match supply and demand has not been established. It
is of theoretical and practical significance to propose
a conceptual framework of green space supply and
demand matching.

In the supply-demand matching framework we
propose, benefiting areas of selected ecosystem services
need to be mapped and the spatial distribution of users
has to be identified. Only when the benefiting areas
overlap demand areas can the supply be used effectively
and resident demands satisfied. This view is widely
accepted and embodied in many studies, especially
in park accessibility evaluation research and studies
to match green spaces service scope and resident
distribution [17, 48]. Because of the uncertain spatial
pattern and the corresponding consumption ways, we
did not classify and summarize ways to evaluate and
map each kind of ecosystem service in this paper.
This provides potential future research opportunities
to improve the framework. More literature reviews of
ecosystem services and users’ flows are needed. The
detailed framework can act as a guideline for supply-
demand matching of the different kinds of ecosystem
service. Practical projects are essential for examining
its utility.

The Rationality of Indicators Selected
in the Case Study

In this case study, we match the supply of and
demand for public parks recreation services. The service
scope of public parks is regarded as ecosystem services
benefiting areas; the people located in these areas can
enjoy recreation services by a short walk. Network
analysis based on ArcGIS was used to evaluate the
service scope that has been used in many studies [17,
49]. Because residents’ flow has been considered when
measuring public park supply, we only need to consider
residents’ distribution when measuring demand areas
and degree.

POI density and land-use diversity were selected
as indicators to represent residents’ distribution.
As a spatial carrier of geographic entities in a city,
the distribution of POIs has a high correlation with
demographics (R?>0.8); of all the categories, beauty
salons, medical treatment, and recreation, have high
correlations with population density (R*>0.89), whereas
tourist attractions, hotels, and government agencies
have a low correlation (R?<0.5) [42, 50]. Compared
with statistics from governments, open data like POI
are easier to obtain and can be analyzed with fine
resolution, which filled the gap between fast-growing

cities and slowly renewing traditional data [26, 51]. In
many studies, the satisfying results achieved via POI
density and diversity to represent population density
and urban vitality can act as proof of its utility [52, 53].

Land-use diversity is a suitable indicator to
represent urban vitality. Many studies show that areas
with mixed land-use always have mixed functions, high
dynamics, and high population density [54]. As a result,
urban planning layout with high land-use diversity is
more likely to form high population density areas and
need more public parks. The Shannon diversity index
(SHDI) is an indicator widely used in land-use diversity
measurement along with POI density to evaluate urban
vitality [52, 55].

The Shortage and Unbalanced Distribution
of Green Spaces in Jinan Western New District

The supply-demand mismatch of cultural services
provided by public parks exists in every sub-district in
Jinan Western New District, especially in the old towns.
In the conceptual planning scheme, the newly built
areas act as growth poles taking on the role to stimulate
other areas’ development and improve the Iliving
environment of the whole region. However, after more
than 15 years of construction, the results show that
public park distribution does not meet the government’s
and residents’ expectations. The conceptual planning
scheme proposed building a low-carbon, livable
residential environment; until now, this goal has not
been achieved in the newly built areas, much less in the
old towns and peri-urban areas. The spatial planning
proposed before the new town construction improved
the green space shortage and unevenness, but the
distribution of parks in the new areas is too aggregated,;
people living in margin blocks have to travel long
distances to the nearest park.

The findings can play an important role in green
space system optimization in Jinan Western New
District. For example, to achieve green space equity
and improve service efficiency, new parks are supposed
to be located in blocks with crowded people and few
cultural services, such as the central area of old towns
and peripheral parts of newly built areas. To meet the
needs of future development, more public parks are
needed in urban renewal in peri-urban areas.

Conclusions

This paper proposes a framework for matching
ecosystem services supply and resident demands and
clarify the steps to identify supply-demand mismatch
within urban areas. We consider that understanding the
generation, transmission and consumption of different
ecosystem services is the key to matching supply and
demand. The framework can be used to reveal green
inequity and identify low-efficiency green spaces and
can help optimize human well-being with nature in
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urban areas. To practice the framework, we take Jinan
Western New District as an example and match public
park supply and resident demands for cultural services.
We evaluated and mapped the mismatch, which is
summarized as follows: 1) Although Jinan western
new district has been designated and has been under
construction for 15 years, a supply-demand mismatch
commonly exists in urban proper and peri-urban areas;
2) public parks are concentrated in newly built areas;
the supply-demand mismatch is less than that in old
towns and peri-urban areas; 3) more public parks are
needed in Jinan Western New District — especially in
the old towns.

In future studies, we plan to improve the framework
by detailed supply and demand evaluation as well
as exploring more ways to match different kinds
of ecosystem services. Additionally, more practical
projects are needed to test the detailed framework, and
more field investigations are essential for examining the
matching results.
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