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Optimization of urban land structure based on ecological green equivalent.

a case study in Ningguo City, China
ZHAO Dan, LI Feng", WANG Rusong

State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: Urban land is a social-economic-natural complex ecosystem, with physical, ecological, social and economic
attributes. It is the carrier of human socio-economic activities, and the basis to provide the ecological services. Urban land
for ecosystem services is the minimum space to guarantee the basic ecosystem services, which play an important role to
protect the socio-economic sustainable development of the city and the quality of residents’ life. It is not only related with
the geographical location, types of natural resources, climate, soil, geology and other natural conditions of the city, but
also depended on the urban development level, development orientation and the life quality demands of urban citizens. The
construction of urban land for ecosystem services is the basis for urban sustainable development and the natural and artificial
ecological unit of the city. Based on the idea of ecological green equivalent, this paper explored the ecological standard to
judge if the urban ecological land was reasonable, and established a mathematic model of ecological optimization of land use
structure.

The land use structure was applied and verified with Ningguo city in Anhui Province as a case. The nature landscape
structure of Ningguo is composed of a number of mountains and waters. Based on ecological green equivalent, this article
evaluated the current status of natural ecosystems’ structure in different space scale. The results showed that green

equivalent of region, urban-rural fringe and downtown in Ningguo city were 1.51,1.19 and 0. 66, respectively; green plot
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ratio were 4. 89 ,4.22 and 2. 77, respectively, respectively and ecological land per capita were 4898.9,563.3 and 41.7
hm® per capita, respectively. Lacking of green space in the downtown stressed the ecosystem services of urban land.
Therefore ,urban land for ecosystem services will be planned from different space scales, including the construction of buffer
zone in the city and regional area, eco-city construction of main urban areas, the ecological restoration and multifunctional
design of the urban green spaces. The suitable human settlement for habitat and fitting socio-economic environment for
employment will be created.

In order to maintain good urban landscape structure and improved ecosystem services, the natural ecological framework
should consist of the key functional areas of water, mountains, urban forests, large-scale urban green space, green wedges,
large ecological buffer zones and small ecological corridors. The space network of urban land for ecosystem services of
diverse structure and multi-function can be established, including point, line and surface green structure. Through the
ecosystem services evaluation, sensitive analysis of the spatial structure, also combining with socio-economic development
status, the future urban land use of Ningguo can be divided into two types: ecosystem services area and urban-rural
development area. Considering the demand for ecosystem services, the proportion of urban land for ecosystem services
should be increased and the Green Line and Blue Line should be strictly controlled as well. This study will provide a

scientific method and decision-making basis for strengthening of the ecosystem services of urban areas.

Key Words: urban land; ecosystem services; ecological green equivalent; city
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Table 1 Land reclassification based on ecological green equivalent
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AR 113.87, MK 124. 41, P05 Hb 121. 86, IR T 4kt 100. 7, /KI5 142. 56 ,
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Table 2 The scores of different ecological system by environmental protection features

IS

Uike bS] K H HAbA b J by O Urhan ereen K5k
Function Forest Paddy field Other farmland Garden Grassland spa:e Water area
AR -1 9.51 7.22 6.50 6.30 7.40 5.90 4.50
KA k-2 10.00 5.10 5.10 7.30 5.48 4.80 5.10
KAHA-1 9.13 6.23 5.80 6.58 5.33 4.30 6.54
KAHHL-2 8.91 6.50 5.90 6.69 5.34 4.21 6.43
SAEG 9.45 6.20 5.40 6.46 4.90 3.98 9.32
Iy W 75 9.45 4.10 4.00 5.83 3.70 3.21 4.30
UK B 1k 9.78 7.80 5.90 5.60 6.31 3.60 9.87
TR TR 9.80 7.40 5.30 5.01 6.20 4.20 10.00
KAk 9.45 7.30 6.70 5.83 6.43 4.65 9.80
5 1k A i 9.58 8.13 5.40 7.15 7.18 3.67 8.50
Bij 1E 2= T 12 9.78 8.75 5.30 6.78 7.73 6.32 6.70
B 1 b T R 3T 5.83 8.05 5.25 6.01 6.21 5.21 8.20
V5 4Pk 8.40 8.01 8.10 6.30 7.40 5.67 8.90
By 1k A K 9.73 7.92 7.30 7.98 7.60 6.32 8.12
P AR D 8.58 7.01 9.50 9.23 6.75 7.85 3.10
YRS 9.12 7.40 7.01 7.74 7.93 9.74 9.89
HEFIR SRS ] 8.23 3.73 4.70 6.78 8.70 9.12 7.86
YRR 10.00 4.90 4.60 5.01 5.10 3.44 8.65
B 1B % S 6.95 6.01 6.11 5.83 6.17 4.51 6.78
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Table 3 Green plot ratio of plants

YT Vegetation types AT Green plot ratio
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4 MAXHl—-TETLFRERRUERR
4.1 HFFRIXHEL
TETA T LB RrH, BB, PS8 10, et i -E A BTy, 58 & 3k |, e ik i 104 (= 18
BEmibE, & LR E RN 2487 km®, 1l1H1 543 km?, (54 EEIE R 22.2% , FEBE 1554 km®, 4 BB
63.5% , VB 350 km®, fi e LR TH R 14.3% , Fe ik 1587 m, SR 40 m,— 300—500 m, & A [ 38.
1IN T T & T R L e X i SRy 2 XU AR SR 15. 4°C 4R K & 1400 mm,
F4 TETHMF AR (2005)

Table 4 The land use status of Ningguo city (2005)
T Area/hm?

R — : ST v o —

Different rang BT Mt KH HAb A<t el 3t L) 7K, ik
Total area Forest Paddy field Other farmland ~ Garden Grassland Water area Urban green space

ik 242965.84  166087.36 13316. 64 7594.24 16074. 1 79.57 7736.64 378

WS 4548 20298.78 10087.79 3488.21 939. 66 354.64 0 1049.76 331

X 1825.8 155.35 518.78 99.62 15.32 0 215.62 312

4.2 THET A SO SO %
R T E RS AR AR SRR | R SR BORA - R IR 45 G bRl B 1T A AR DGR 4
FE X A 2R B—4E N H i R FE/K R 1923 v/hm? |, ZRAK 4 358 8047 1R A0 RN 5 /K BE 7 2500 ©/hm?,
[ F A AcrGIS $2BOR [RIVE R T (T % 2 25538 3 X)) 19 1 R S B iy T AR, AR b SCRGA Y 45 24
T A B R AR S A 55 R EOR T Mk T A, JF R FHAS [R] A b A FH 2 80 1 AR 2R 2 i R4 TR
T T A S BR Y ARH TE
(1) HdE
S, =242965. 84 hm’
R=(P xS8,)/(WxS)x 100%
= (1923 t/hm’x(242965. 84— (8040. 56+226. 53+17348. 58+7736. 64 ) /(2500 t/hm*x242965. 84 )
x100%
=49.11%
Sy = Sy xR=242965.84x49. 11% =119312.02 hm’
S.. =166087.36x1+13316. 64x0. 5+7594. 24x0. 42+16074. 10x0. 725+79. 57x0. 49 = 187627.97 hm’
Xy =(S4/ Sy )=187627.97/124168.59=1.51>1 ¥ L ZK,
(2) ¥ & 456 XL
S, =20298.78 hm’
R=(P xS,)/(WxS)x 100%
= (1923 t/hm’x(20298.78—(1771.73+272.86+63.55+3493.42+1047.86) /(2500 t/hm*x20298.78)
x100%
=51.7%
Sy = SuxR=20298.78x51.7% =10499. 08 hm’
S, =10087.79x1+3488.21x0. 5+939. 66x0. 42+354. 64x0. 725 =12483.67 hm’
Xy=(8S4/ Sy )=2483.67/10499.08=1.19>1 i L ELK
3) YR IX TG
S, =1825.85hm’
R= (P xS,)/(WxS,)x 100%
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= (1923 /hm’x(1825.85-(708. 17+53.98+30. 55+215.62)/(2500 t/hm*x1825.85) x100%
=34.4%
Sy = Sy xR=1825.85x34.4% =628. 84 hm’
Sy =155.35x1+518.78x0. 5+99. 62x0. 42+15.32x0. 725+312x0. 587 =415. 65 hm’
Xj=(S5/ Sy )= 415.65/628.84=0.66<1 , Nifi LK,
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Table 5 The results of ecological green equality of Ningguo city
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