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Green space spatial assessment and pattern optimization for towns a case study

of Jimo in Shandong Province China
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Abstract An important issue for scientific and policy works in China is determination of the most ecologically sound
configuration for millions of people inhabiting towns and cities. Developing green space system strategies is becoming a
hotspot of urban ecological research. This manuscript presents a landscape ecological method for developing green
infrastructure using the town of Jimo in Shandong Province China as a case study. The structure of green space was
analyzed using FRAGSTATS software based on land use data. Applying the Patch-Corridor-Matrix Model theories of
landscape ecology we assessed the ecological suitability —sensitivity and connectivity of green space based on the
Geographical Information System  GIS  using Fuzzy Sets Theory the Delphi method and the Cost-distance model
respectively. Finally by optimizing patterns using a weighted overlay and integrated analysis method we constructed a
green space system for the town composed of rigid protected areas and flexible developable areas.

From the aspect of green space elements green matrixes needing protection involve agro-lands in the west the Dagu
watershed and hills/swamps in the east. Small groves ponds and woodland patches may become important ecological

stepping stones among matrixes. The ecological connectivity of green spaces in Jimo is good but lacks obvious greenways.
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Therefore with the assistance of eco-cost distance analysis of urbanization future greenway alternatives proposed include an
eastern hill forest greenway and a western river-reservoir greenway. From the aspect of space patterns a green space
system with rigid protected areas and flexible areas of potential development has a conjugative relationship with the
construction space. Moderating conflicts between urban expansion and natural protection is important. As a result this
green space system has been successfully applied to Master Planning for the town of Jimo. A green space strategy for towns
based on green space assessment and pattern optimization provides an effective approach for space development and

management in towns.

Key Words town green space ecological suitability ecological sensitivity ecological connectivity pattern optimization

urban green space
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Fig.1 The steps of urban green space assessment and pattern optimization
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1
Table 1 Space elements and their structure characteristics in Jimo
. Green space Construction space
. Urban
Indices .
Forests Crops Groves Waters Wilderness Others Built-up lands Roads region
AP % 9.37 60. 46 1.33 8.53 0.68 5.21 13.55 0.88 1.00
NP 4235 2195 1606 7986 637 4175 4356 1119 26309
MPZ  hm? 4.21 52.39 1.57 2.03 2.04 2.37 5.92 1.50 7.23
PD /hm? 0.24 0.02 0.63 0.49 0.49 0.42 0.17 0.67 0.14
MSI 1.42 1.51 1.36 1.37 1.36 1.37 1.35 1.57 1.40
* FRAGSTATS3.2 Calculated using FRAGSTATS3. 2 software based on the land use investigation
data in Jimo
AP Area percentage NP Number of patch MPZ Mean patch size PD Patch density MSI
Mean shape index
2.2
GIS
2.2.1
15 16
/
2 1 1.1
0.34~1.0 92%
7.56% 0.16%
3
2 15 16
Table 2 The quantification of qualitative factors in ecological suitability analysis
Index Most More Less Non
Distance to water source m 500 ~2000 2000 ~ 3000 =3000 <500
Value 100 80 60 20
Soil texture Light loam Sandy loam Medium loam Sandy
Value 100 ~95 95 ~75 75 ~35 35 ~10
3 *
Table 3 The factors and their rank in ecological suitability analysis of croplands
Most More Less Non
Factors .
F1 2 3 F4 Weight
Slope ° <6 6~15 15 ~25 =25 0.176
Organic matter in soil % =1.90 0.86 ~1.90 0.50 ~0.86 <0.50 0.232
Production kg/hm? =7268 7268 ~5714 5714 ~4550 <4550 0.283
Distance to water source m =90 90 ~70 70 ~50 <50 0.136
Soil texture =95 95 ~175 75 ~35 <35 0.173
Integrated suitability value =0.67 0.5~0.67 0.34~0.5 <0.34 1.000
® 1.1 0~1 According to Fuzzy sets

theory the qualitative factors need to be graded and standardized as formula 1 in 1.1 and the values of ecological suitability range from 0 to 1

2.2.2
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Table 4 Eco-sensitivity analysis of other green space patches in Jimo
Patch types Value ES Sensitivity types
/ Reservoirs/Rivers  F8 35 Most sensitive
Swamps F7 34 Most sensitive
Mashan National Reserve F6 33 Most sensitive
Forests F5 26 Sensitive
Wilderness F12 24 Sensitive
Groves K9 20 Less sensitive
/ Ponds/Saline F10 15 Less sensitive
Other agro-lands F11 11 Less sensitive
® 1.2 The sensitivity values are calculated using the eco-factors-valuing method in 1.2
2.2.3
5
19
6 ArcGIS9.0  Cost distance d,
Raster calculator 4 B,
B 3
7 Raster calculator A
Cost distance x;
5 «
Table 5 Basic barrier types and their weights and constants in Jimo
Code Type b, Weight k, Constant 1 k, Constant 2
Bl Low density urban areas and parks b, =20 ky, =11.100 k, =0.253
B2 Rural roads 1)2 =40 klZ =22.210 k22 =0.123
B3 Waters by =60 - -
B4 Railways and urban roads by =80 kyy =44. 420 kyy =0.063
BS High density urban areas bs =100 ks =55.520 kys =0. 051
B; =b,
# b ky ky 19 b, is the weight of each urban construction barrier type k

and k, are constants '
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Table 6 Affectation value matrixes of barriers in Jimo

Space type Green space Built-up space
Green space types F12 Fl F2 F3 F4 F5 F6 F7 F9 F10 Fl1 F8 Bl B2 B3 B4 BS
Affectation value A, 10 17 12 25 14 10000 40
 Af, 19 Af,, is the affectation value of the

barrier effect index to each urban land use unit calculated using the method in the reference ' based on land use characteristics in Jimo

7

s

Table 7 Affinity effect matrixes for urban green space in Jimo

M1 M2 M3 M4 M5 M6 M7
pes F12 F1 F2 F3 F4 9 F10 F11 F5 F6 Bl B3 B5 B2 B4 F8 F7
Green lands 0.3 0.2 0.3 0.7 0 0.9 0.1
/ Waters 0.1 0.1 0.1 0.1 0.1 0.1 0
Crops 0.8 0 0.1 0.5 0.2 0.9 0.1
Groves 0.7 0.1 0 0.4 0.3 0.9 0.1
Other agro lands 0.3 0.5 0.4 0 0.7 0.5 0.1
Wilderness 0 0.8 0.7 0.3 0.3 0.1 0.1
# A a a 0~1

Matrix A includes the potential affinity values @  which indicate the difference of ecological function flows among different green

space elements or between green space and construction space. As the values of * @’ decreases that range from 0 to 1  the efficiency of flows among different

units increases
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Fig.3 Barrier effect analysis of elements
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Fig.4 Ecological connectivity analysis of elements
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