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The urban public green system (UPGS) is an important component of the urban ecological system.
The relationship between the ecosystem and its social services is a core topic of ecological studies throughout
the world. We investigated eight provincial capital cities in southern China to analyze the connectivity and
500 m radius service ratio (500 MRSR) of the public green system based on GIS information from 2010.
The connectivity and 500 MRSR were calculated based on the types, amounts, and areas of the green
patches. The results indicated that the connectivity was significantly positively correlated with 500 MRSR
(p < 0.01), while the connectivity and 500 MRSR were significantly negative correlated (p < 0.01) with
the urban scale. The results also showed that the increase in the amount of patches density, the landscape
connectivity and 500 MRSR were accompanied by a progressive decrease in the city scale. Overall, the re-
sults suggest that the landscape connectivity and 500 MRSR reflected the ecological structure and the level
of function of the public green system, also reflected the degree of coupling between the social services and
urban construction in the public green landscape system. This study determined the current state of urban
public green spaces from the perspectives of the ecological system and the social services, which are im-
portant for facilitating the coordinated development of the urban public green space system.
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Introduction. The city public green space (PGS) system refers to city parks, squares
and pocket parks etc. have the functions of ecological and social service, but also are im-
portant outdoor active places for citizen. So, the PGS patch pattern and changes will in-
fluence on ecological safety and living quality of citizen [23]. Meantime, harmonizing the
relationship between natural ecosystem and its service, stress, respond and construction
of human well-being have become a core topic ecological study in all over the world
[40].

With the increasing urbanization, more and more people concentrate upon the large
city. Despite awareness of more benefits for human populations such as improved hous-
ing arrangements, better employment prospects [10], better access to health and social
care, education and cultural activities [25], promoted development of economic capital,
labor, goods and services [29], but at the same time, the economic success breeds prob-
lems of adjustment [44] and cause a series of social and environmental problems, for
example, air and water resource pollution, traffic jam etc..

The system of PGS as an important part of urban ecosystems, play a key role in pre-
serving biodiversity in urban areas. Moreover, green spaces sequester CO, [31; 32; 27]
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and produce O, [15], reduce air pollution [48]; and noise [8] and regulate microclimates,
reduce the heat island effect in cities [38]. Also, PGS offer the place for people to re-
creation, leisure, appreciation and mental restoration [16]. Therefore, the pattern of PGS
and its degree of coupling with city areas will directly or indirectly influence human well
being, social justice and ecological safety. However, because of the expenditure of city
and increase of population density, particularly in large city, there is increasing detraction
of environment. To solve these pressing issues, it is necessary to adjust the policy, plan-
ning and pattern of PGS to meet social and ecological requires of citizen.

The majority of case studies are from developed nations [34; 42; 18; 4; 6; 2; 14],
most of which are highly urbanized and with relatively low population growth rates.
On the contrast, developing urban planning agencies frequently struggle to keep up.
In such circumstances, if the worth of PGS to local users and communities is not suffi-
ciently acknowledged by planners and managers, urban PGS may be a target for ad hoc
development of unsanctioned informal settlements or expropriation for productive pur-
poses such as urban agriculture or infrastructure development (4).

In recent years, many ecologists pay a close attention to fast urbanization and its in-
creasing deteriorative environmental problems in China, and they made a contribution
to study on systemic function [35], green space layout structure [51], landscape feature
analysis [7; 36, 37], green network construction [19; 20] and green patch connectivity
[47; 43; 21; 45; 9; 40; 41, 52] etc.. With the help of GIS information, using the index
of connectivity to study the relationship complexity [33], accessibility [13; 11] and inter-
dependency [12] in and between ecological systems have become an important way.

In this study, we integrated comparative analysis with PGS patch connectivity and
its 500m radius service rate (SOOMRSR) to quantitatively characterize the PGS pattern
of the eight provincial capitals in southern of China. We aimed to address several ques-
tions: (1) how do different city PGS change with different population scale? (2) Do have
they own relationship among the PGS patch connectivity, patch density and its
500 MRSR? (3) Can PGS system be comparative analysis in different city scale using
the index of connectivity and 500 MRSR?

Study areas. Research areas include Guangzhou, Wuhan, Chengdu, Hangzhou,
Fuzhou, Kunming, Changsha and Guiyang city total eight provincial capital cities, locat-
ing at Southern of China, Sichuan basin and the Yunan-Guizhou plateau. Urban popu-
lation and areas were shown in table 1.

Table 1
Situation of population and area in eight Provincial capitals
City Guangzhou | Wuhan | Chengdu | Hangzhou | Kunming | Changsha | Fuzhou | Guiyang
City area (kmz) 952 500 456 413 275 272 220 162
Population 664.29 520.65 | 535.15 434.82 260.24 241.73 188.59 | 222.03
(10,000)

*Data from the city statistic yearbook of China.

Material and methods. In this study, we use satellite remote sensing images of
eight capital cities of China of 2010 as the basic research material, and the data of urban
area, population is from the Chinese city statistics yearbook 2010.

30



Wang Tai-Chun et al. The comparative study on connectivity and 500 MRSR of UPGS in souther...

The index of landscape connectivity is a measure of the continuity among the land-
scape spatial structure unit. And also is an important parameter of describing the process
of landscape ecological and reflect the functions of the landscape.

To capture the data of area of public green patch (PGP), this study use the way of
combining the Photoshop and AutoCAD to obtained data. First, our information of in-
terest was PGP in the city districts. For this process we used the Geographical Informa-
tion System, ArcGIS 9.3. Afterwards all the PGP were identified. Second, we put the
image of Photoshop into AutoCAD to obtain the outline of every PGP. And then, we cal-
culate the area of every PGP and distance between PGP [1]. In accordance with the dis-
tances of PGP, we use every the shortest one among the distance from the same patch to
calculate connectivity. The formula of connectivity is:

IZI: /Z; 1+ nl
Ne=—"%p—
L

In formula: n stands for the number of public green patches, and the area of the
patch I and j, respectively, represent the number of connections between patch I and j,
and AL is the research area. The threshold of connection is less than 500 meters between
patches. NC value is between 0 ~ 1.

500 MRSR is one of important indexes in the standard of the national “landscape
city” of China which is 500 MRSR > 70%, but it little known in existing literatures.
The meanings of the 500 MRSR include two sides: one is its social service function that
the citizen can sue the PGS easily in these areas, and another is ecological functions that
it can more directly and clearly expresses the spatial pattern of PGS system as a sup-
plement of green patch connectivity and reflect the degree of coupling of PGS system
with the area of city.

To gain the information of 500 MRSR, the outline of every PGP was deviated
500 m outwards in AutoCAD, and the area of in new outline as 500m social service area
calculated. By means of abandoned the overlap parts of 500m service area between green
patch and the parts of beyond boundary, the all area of social service can be calculated
with the formula of 500 MRSR:

500 MRSR = patches social service area/total city area X 100%.

Data calculation and analysis. SPSS16. O for Windows software packages and
Microsoft Office Excel were used in statistical analysis and calculation.

Results. Urban landscape green space systems. The basic situations of population,
area, feature of PGS patch, connectivity and 500 MRSR in eight provincial capital cities
were showed in table 1. The average connectivity is 0.49 in eight cities. The landscape
connectivity in Guangzhou, Wuhan, Chengdu, Hangzhou, Kunming five cities is less
than 0.5. The Guangzhou city has the minimum connectivity value (0.28), and Guiyang
city own the highest value (0.66). The differences among different city scale were ob-
vious.
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The average of 500 MRSR was 53.71% in eight cities. The value of 500 MRSR
in Guangzhou, Wuhan, Chengdu and Hangzhou city were less than 50%, lower than the
national landscape city standard (70%). This situation indicate that pattern of PGS is un-
reasonable in large city in southern of China. The main reasons conclude dense popula-
tion (>4 million), small green patch density, unreasonable landscape patch distribution
and the poor landscape service function. On the contrary, the cities with small area and
population such as Changsha, Fuzhou, and Guiyang are more than 70% 500 MRSR
value; conform to the state standard of “landscape city”.

The above results indicated that, with the rapid expansion of large capital city, com-
plex traffic routes and dense buildings blocked the ecological connection in main parts
of the city [1], and lead to landscape connectivity and 500 MRSR levels decline. On con-
trast, because of relatively small area, less population, and better urban PGS system there
are good systematic and continuity in Guiyang, Changsha and Fuzhou city (table 2).

Table 2
Situation of city scale and parameters of public greenery patches system
No City Area (kmz) Population Patch Patch Patch/ | Connectivity | 500 MRSR
(10 000) area number km? (%)
(hm”)
1 Guangzhou 952 664.29 12765.2 209 0.22 0.28 13.41
2 Wuhan 500 520.65 20791.15 110 0.22 0.37 41.58
3 Chengdu 456 535.15 21086.7 174 0.38 0.39 46.24
4 Hangzhou 413 434.82 9422.3 156 0.37 0.5 47.36
5 Kunming 275 260.24 14766.7 104 0.38 0.52 53.70
6 Changsha 272 241.73 20936.8 178 0.65 0.55 76.97
7 Fuzhou 220 188.59 9001.2 58 0.27 0.61 77.21
8 Guiyang 162 222.03 19864.4 105 0.65 0.66 73.24

Correlation analysis. The results of Pearson correlation analysis (table 3) indicated
that the connectivity was significantly positively correlated with 500 MRSR (p < 0.01),
while the connectivity and 500 MRSR were significantly negative correlated (p < 0.01)
with the urban scale. The results also showed that the increase in the patches density,
landscape connectivity, and 500 MRSR were accompanied with the decrease of the city
scale. There was no significant correlation happened between the other two factors. With
the increase of city scale, PGS system structure and its service function became weaken-
ing. And it also showed the coupling relationship between the function of green space

system connectivity and 500 MRSR which embody the functions of social service
(table 3).

Table 3
Pearson Correlation analysis
Area Popu- Area of Number Patch Connec- 500
of city lation patch of patch density tivity MRSR
Area of city 1
Population 0.912** 1
Area of patch -0.136 0.057 1
Number of patch 0.682 0.668 0.203 1
Patch density -0.609 -0.594 0.467 0.062 1
Connectivity -0.915** | -0.952** | -0.083 -0.637 0.657 1
500MRSR -0.935** | -0.934** 0.127 -0.585 0.661 0.92** 1

** Correlation significant at p < 0.01
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The PGS system space structure and its 500 MRSR analysis. Figure 1—8 de-
monstrate directly the status of PGS pattern and social service of eight provincial capital
cities. Figure 1 shows there are less large patches and less medium-small patches in Gu-
angzhou city. Most large patches are mainly distributed around the central urban area,
and medium-small patches are scattered distribution. So, the value of connectivity (0.28)
and 500 MRSR (13.41%) is the lowest. Figure 2 shows the PGS system of Wuhan city
is similar to Guangzhou, there are more large patches distribute around the city center
and a few in other urban areas. The medium-small patches are scattered distribution. And
the value of connectivity (0.37) and 500 MRSR (41.58%) are lower. Figure 3 shows there
are a ring pattern of PGS system around the center of Chengdu city, and the number
of green patch gradually are decreased from the center to suburb. The value of the con-
nectivity (0.29) and 500 MRSR (46.24) present situation of the medium. Figure 4 indi-
cated the pattern of PGS system is characterized by a few large patches of and more me-
dium-small patches in Hangzhou city. The small green patches are scattered distribution.
The values of connectivity (0.5) and 500 MRSR (47.36%) are better. Figure 5 demon-
strates that the pattern of PGS system is reasonable, but less number of patches. in the
peripheral city of Kunming city. The value of (0.52) and 500 MRSR (53.7%) were above
the medium level. Figure 6 ~ 8 show the patterns of PGS system in Changsha city,
Fuzhou city and Guiyang city. The green patch density, number of patch and uniformity
of distribution are more reasonable. The values of connectivity and 500 MRSR are 0.55,
0.61, 0.66 and 76.97%, 77.21%, 76.97% respectively. The pattern of urban green space
construction in above three cities are worthy of reference.

Fig. 1. Gunangzhou city public green system Fig. 2. Wuhan city public green system
and 500M RSR and 500M RSR

- / e ] Sk '
Fig. 3. Chengdu city public green system Fig. 4. Hangzhou city public green system
and 500M RSR and 500M RSR
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Fig. 5. Kunming city public green system Fig. 6. Changsha city public green system
and 500M RSR and 500 M RSR

A SRS i i s 1 7
Fig. 7. Fuzhou city public green system Fig. 8. Guiyang city public green system
and 500M RSR and 500M RSR

PGS patch density, population, 500 MRSR and connectivity. To study deeply
and directly the relationship among patch density, population, 500 MRSR and connectivi-
ty under the gradient of city scales (population), we uses the information from table 2,
and obtained figure 9 ~ 10. The result of figure 9 shows that 500 MRSR and patch den-
sity increased with the decrease of the scales (population). This finding illustrate that
500 MRSR value not only related to the patch density, also is associated with patch
distance and its distribution pattern.

Figure 10 showed that the patch density and connectivity generally present a ten-
dency of positive correlation with the decrease of the scale (population) of the city.
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Fig. 10. Tendency analysis between numbers of pitches/km2 and connectivity

Discussion and conclusions. General PGS patterns in the eight capital city. Our
study has demonstrated that the change and spatial pattern of PGS in different city can
be quantified using a combination of landscape metrics and comparative analysis. The re-
sults from our study can adequately address the research questions we defined earlier in
Section 1: (1) how do different city PGS change with different population scale? (2) Do
have they own relationship among the PGS patch connectivity, patch density and its
500 MRSR? (3) Can PGS system be comparative analysis in different city scale using
the index of connectivity and 500 MRSR? While the answer to these questions is general-
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ly affirmative, more details are discussed below. The scales (population) of city exhibited
distinctive, but not necessarily unique, spatial signatures that were dependent on specific
landscape metrics. For example, for patch density, patch size coefficient of variation, and
patch connectivity index displayed different patterns along the gradient of scale (popula-
tion) of city. The relationship between patch connectivity and 500 MRSR indicated clear-
ly positive correlation. Therefore, different PGS patch pattern may indeed show distinc-
tive “spatial signatures” as scale based “landscape pattern” which may be used to com-
pare urban developmental patterns between cities and dynamics over time [46]. It was
clear, though not surprising, from this study that the degree of human impact on the
urban landscape depended on the scales of different city.

Importance of quantifying spatial patterns of PGS and 500 MRSR. To under-
stand the ecological and social consequences of PGS, it is necessary to quantify the spa-
tial patterns of PGS. First, PGS systems are spatially extended systems in which physical,
ecological, and socioeconomic processes create, maintain, or destroy spatial patterns. and
at the same time spatial patterns facilitate, inhibit, or neutralize these processes. The chan-
ges in PGS pattern in different city as revealed by our analysis may have important eco-
logical implications. For example, the elimination of large green patches, increased habi-
tat fragmentation, and substantially high patch density of human land use types may
significantly affect the biogeochemical cycling and biota of this area [3; 28]. In particular,
combining comparative analysis with landscape metrics, as illustrated here, can help to
identify quantitatively and characterize the social service and complex spatial pattern of
PGS, which can subsequently be related to ecological and socioeconomic processes [26].

Landscape connectivity was put forward by Merriam in1984 for the first time. The
connectivity was described the characteristics of landscape structure and the interactions
between species movement behavior. Since then, Forman, Schreiber, Taylor put forward
more definitions complement, but all of them believed that landscape connectivity is
a measure of the continuity among the landscape spatial structure unit and a parameter
describing the process of landscape ecological and reflect the functions of the landscape
[21]. In this study, landscape patch connectivity is defined as the urban PGS system ex-
cluding the corridor green space, forest participation and other green space without any
landscape facility. So, the results may be different with others study of urban green space
system. Our results supported the hypotheses that, with increasing urbanization, patch
density increases while patch size and landscape connectivity decrease [50].

The index of the 500 MRSR reflects both social service function that the citizen can
sue the PGS easily in these areas, and ecological functions that it can more directly and
clearly expresses the spatial pattern of PGS system as a supplement of green patch con-
nectivity as well as reflect the degree of coupling of PGS system with the area of city.
The results in this study, the value of 500 MRSR are less than 50% in Guangzhou,
Wuhan, Chengdu and Hangzhou city, and it was similar to Li’s [22] research results of
Harbin city park green space service. This situation indicated there were many problems
in the urban PGS system construction, especially in the large provincial capital cities,
PGS systemic constructions were serious lag in urbanization process in recent years due
to the rapid expansion.
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Research results show that the construction of urban green space system should
not only consider the number of green patches and their size, but also pay attention to the
distribution pattern of patch system. Namely it is necessary conditions to improve the ur-
ban PGS ecosystem service rate: a uniform distribution in the appropriate number of
patches and the moderate distance (less than 600 meters distance). And the area and
the size shape of patch decide the amount of biological species diversity which is impor-
tant for the stability of the whole urban green space system.

With the acceleration of urbanization and the increasing of construction land de-
mand, more and more serious contradictions happened among the various land use. And
more and more ecological land were invaded and led to the decline in land ecosystem
service function [49; 39]. The reasons for above results are included the urban greening
policies, rapid urbanization and the growing environmental requirements of residents
[23]. There are many dense buildings in center of city in the southern of China. The pub-
lic green spaces were serious segmented and led to green patches more scattered. In con-
trast, the above problems were solved by considering of urban functions and services
as well as the urban space layout in some of the second-line city [45].

Difficulties and challenges of the study. First, to capture the data from satellite
map, it is necessary to intercept maps of eight cities, identify the range of PGS and to
calculate the areas and distances of every public green patch. So, there are needs very
much work to do. Second, some information from satellite map are not clear and can’t
be use and need to check in the network and site inspection. These works supported
by the data set group of “the report on the development of China’s city” green book.
Finally, because above reasons, this study only research the patterns of eight cities to
reflect the situation and changes of PGS system in different city scales, and lack of con-
formation of repeated trails.

This study was only a first step towards understanding the structure and functioning
of the PGS of city. The extension of this study to understanding the mechanisms involved
in urban landscape eco-system pattern formation necessitates a more comprehensive
framework that explicitly incorporates geographical, ecological, social service, and politi-
cal considerations.
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CPABHUTEJIbHOE UCCJIEAOBAHUE CBA3U
N KOODPDPULMEHTA OBCNTY>XKUBAHUSA
CUCTEMbI rOPOACKOIO O3EJIEHEHUSA
AOMUWHUCTPATUBHbIX LEHTPOB NPOBUHLIMA IOFA KUTASA

Ban Tai/iqyﬂl, Ban (I)aﬂqyz, Aub Xyaz,
Jlyans Can10ii’

1 . .
WHCTHTYT TOPOACKOH ¥ CENIbCKOH TUTAHUPOBAHUS U MPOCKTUPOBAHHUS,
B MPOBUHIMYU ['aHBCY aKaJIeMUM Pa3BUTHS TOPOIa
Jlanvuorcoy, Kumau, 730070

*lIkona HCKYCCTB, JIaHBWKOY TOpo/ia, YHUBEPCUTET
Jlanvuorcoy, Kumau, 730070

T'opoxckue 3enensie cuctembl (UPGS) sBISFOTCS BaXKHBIM KOMITIOHEHTOM TOPOJICKOM 3KOJIOTHYECKOH
crcteMbl. OTHOIIIEHHUST MEXTy SKOCHCTEMON 1 COIMATBHBIMH YCITyTaMi — 3TO OCHOBHOH NIPH3HAK SKOJIOTH-
YeCKHX HCCIICJOBaHHI BO BCEM MHpe. MBI HCCleJOBaIN BOCEMb ITPOBHHIIMAIBHEIX CTONHI] B FOxXHOM
Kutae n npoananmmsuposamn kodpdumuent oocmyxusanusi (500 MRSR) obmecTBeHHOI 3em1eHOH cuc-
TeMbl Ha pacctostHEH 500 M Ha ocHOBe ['MIC-mH(opMmarm B 2010 r. CBs3b MeX/Ty 3eTI€HBIMI 30HAMH ¥ 00-
nactbio nx oocykuBanus 500 MRSR Obina paccuntana B 3aBUCUMOCTH OT BHZA U IUIOIIAJH 30H 3€JI€HBIX
Y4acTKOB. B 11e10M, MoJTydeHHbIe pe3yibTaThl MO3BOJISIOT MPEATIONI0KUTh, YTO 00SCTICYCHHOCTD 3e/ICHBIMU
3oHamu 500-MeTpoBoit noctymHocTH (500 MRSR) oTpakaeT SKOIOTHYECKyI0 CTPYKTYpY ¥ YPOBEHb (DYHK-
IIMOHMPOBAHNS OOIIECTBCHHON 3€IEHOH CHCTEMBI, TAlOKe OTPAKAeT CTEIICHb CBSI3H COIHABHBIX CITYXKO0
Y TOPOJICKOM 3aCTPONKH ¢ OOIIECTBEHHON 3eNICHOH JaHIIadTHOIM cucTeMol. B 3ToM MccnenoBaHuy or-
peznernsercs TEKyIee COCTOSTHIE TOPOJICKUX OOIIECTBEHHBIX 3eJICHBIX 30H C TOYKH 3PSHUS 3KOJIOT MYECKOH
CHCTEMBI ¥ COIMAIIBHEIX YCIIYT, KOTOPBIE MMEIOT BKHOE 3HAYCHHE [T COJCHCTBUS CKOOPAMHUPOBAHHOMY
Pa3BHTHIO CHCTEMBI TOPOJICKHIX OOIIECTBEHHBIX 3€JICHBIX HACAKICHHUH.

KiioueBble ciioBa: 00IIECTBEHHBIC 3elICHbIe POCTPAHCTBA, TaHmadr-cBa3b, 500 MRSR, cromnmiibt
nposuHiuy, I'UC.



