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Urban ecological space optimization based on multivariate analysis of spatial

evolution; a case study of Ningbo City
ZHANG Rui, WANG Kaiping, ZHANG Yunlu“, LI Xiong

School of landscape architecture, Beijing Forestry University, Beying 100101, China

Abstract: Urban ecological space is the green base and ecological foundation of urban and rural development, which is
synergistically linked to the ecosystems of “landscape, water, forest, field, lake and grass”, and is the spatial carrier of
various processes of flora and fauna and natural ecology, as well as the place for human socio-economic activities, and is
closely related to urban and rural economic and social development. A good urban ecological space system is an important
carrier to realize the stability of the ecosystem at the municipal level, to coordinate urban development and nature
protection, and also an important guarantee to realize the healthy and benign development of the city. The existing municipal
ecological spatial planning does not pay enough attention to its static, qualitative-oriented planning methods, which are
seriously lagging behind, with a series of deficiencies and defects; 1) emphasis on urban areas rather than municipalities;

2) empbhasis on subjective qualitative rather than objective quantitative; 3) emphasis on passive implementation rather than
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active response; 4) emphasis on static blueprints rather than dynamic simulations. Its spatial planning results are far from
meeting expectations and cannot cope with the impacts and threats brought by urbanization on the ecological environment
and resources of the urban area. This paper selects Ningbo urban space as the object, takes the evolution of urban ecological
space as the starting point, and reveals the characteristics and laws of the evolution of urban ecological space from three
aspects : security pattern, structural characteristics and land use type transfer of ecological space, through the quantitative
analysis of the evolution of urban space in 2000, 2010 and 2018. Based on this, we explore the methods and contents of the
new municipal ecological space reconstruction and propose strategies for spatial optimization; to address the problems of
declining ecological suitability at the security pattern level, declining connectivity at the structural level, and decreasing
green space at the land type level, etc., by identifying ecological cores, organizing green space corridors, screening key
nodes, grading and protecting them respectively, and finally reconstructing a benign Ningbo municipal ecological Spatial
system of Ningbo city is reconstructed, and the optimization results are evaluated and revised. This study starts from the
analysis of the evolution of three types of urban ecological space, and uses the logic of “evolution-response-reconstruction”
to guide the urban ecological space planning, and actively explores a new method for optimizing the urban ecological space
under the influence of urbanization, which provides a certain theory for the protection and scientific utilization of resources

in the urban landscape, forest, field, lake and grass life complex.
Key Words: urban area; urban ecological space; spatial evolution; spatial optimization; ecological pattern
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Table 1 Single factor evaluation criteria and scores

R F bR Gy SHE P F bR Sr bR S
Single factor index Grading standard Score Single factor index Grading standard Score
EIFE Elevation 553—958 m 1 JHHLZERD Type of land use  FHEBEHL 1
358—553 m 2 Eoimi) 2
200—358 m 3 b 3
71—200 m 4 7K, 4
0—71 m 5 it 5
¥ Slope 27%—67% 1 T Way 0—200 m 1
199%—27% 2 200—400 m 2
12%—19% 3 400—600 m 3
5%—12% 4 600—800 m 4
0—5% 5 800—1000 m 5
I 7] Exposure dtm 1 7K3C Hydrology 800—1000 m 1
il N AL 2 600—800 m 2
RN 3 400—600 m 3
PN 4 200—400 m 4
b 5 0—200 m 5
MR 0—1.764 1
Vegetational cover 1.764—4.274 2
4.274—6.627 3
6.627—8.470 4
8.470—10.0 5
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Table 2 Weight of single factor evaluation index
7 i o sl gy DRRRRLEE W
Factor Elevation Slope Exposure Way 1&1;13 use coverage Hydrology Weight
=2 Elevation 1 1/3 172 1/4 1/9 177 1/5 0.04
Y Slope 3 1 3/2 3/4 3 3/7 3/5 0.17
Y1) Exposure 2 2/3 1 1/2 2/9 2/7 2/5 0.07
TEPE way 4 4/3 2 1 4/9 4/7 4/5 0.12
JHHZEFY Type of land use 9 3 9/2 9/4 1 9/7 9/5 0.23
MULHE TE Forest coverage 7 /3 /2 /4 7/9 1 7/5 0.22
JK3C Hydrology 5 5/3 5/2 5/4 5/9 5/7 1 0.15
x3 ETHENERNE
Table 3 Ecological resistance value and weight
BHL 3 R 7 BHL 3454 LA L
Resistance factor Resistance level Resistance value Weight
 uk: 7 S Rt 20 0.62
Land use type PN 30
B 50
i 100
K3 10
A A 0—300 m 100 0.208
Road distance 300—600 m 80
600—1200 m 60
L R g 0—400 m 100 0.171
Distance from residential area 400—800 m 80

800—1600 m 60
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T A 25 DX Il e R R, 7 R T S PR N BT RE S 3 AR B A T2 Bk 25 AR & S 7E 2010 4R
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(AL I5E 2% 5 21 2018 I, o 7 o o E M A A DR A A ], Sy AR T Jel A 252 ) A e i e, 7 A A A A ) 3l
JER I AR A BEARA R B30 T, Sl R X LR R X AT AT BIR A3 4, 5 A DXl 2 ) s BB AR, {HL
AR TS 1 (1 3) .

F4 2000—2010 & A ERE km?
Table 4 Area of each land type in 2000—2010

AE43(2000—2010) O B B A Kk &t

Year Grassland Cultivated land Constructively Forest Water area Total

L Grassland 101.1503935 2.556261271 0.533017011 5.831020396 0.051506602 110.1221988
#k Cultivated land 0.8619103430 3073.128739 530.7954866 21.77454815 51.52581186 3678.086496
A BEHD Constructively 0.019881221 15.05821134 645.2423917 1.09064678 1.013711902 662.428429
FRHb Forest 5.395966393 33.95416593 46.72005838 3978.897584 11.44058435 4076.408359
7K1 Water area 0.124699879 5.965798767 22.56101753 1.179286029 313.7981495 343.6289517
Bt Total 107.5528514 3130.663176 1245.851971 4008.773085 377.8297642 8870.67084

£S5 2010—2018 £ 5 A XA E kn?
Table 5 Area of each land type in 2010—2018

4453 (2000—2010) it B Jeisa it K38k it

Year Grassland Cultivated land Constructively Forest Water area Total

HiHh Grassland 102.0909491 0.825900745 0.814351606 2.667981925 1.103916282 107.5030997
B Cultivated land 0.960452272 2924.632797 163.0189391 25.98210666 17.53856878 3132.132864
AEH Constructively 2.50330323 40.61697232 1165.950707 4.331509979 32.37984955 1245.782342
b Forest 3.037642982 26.5483354 27.35644302 3947.342049 4.073605118 4008.358075
K3 Water area 79.06669228 56.14212154 131.092477 1.94738913 527.3996072 795.6482872
J3t Total 187.6590399 3048.766127 1488.232917 3982.271036 582.495547 9289.424668
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Fig.1 Transfer chart of land use types in different years
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Fig.2 Analysis chart of Ecological suitability of Ningbo city in different years
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Fig.3 Distribution of corridors in Ningbo City in different years
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Fig.4 Distribution of ecological core in Ningbo City in 2018
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Fig.5 Distribution of multi-level green space corridors in Ningbo City in 2018
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Fig.7 Ecological spatial structure of Ningbo City in 2018

6 2018 EFETEHXBETRSHE
Fig.6 Distribution of key nodes in Ningbo City in 2018
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Fig.8 Ecological spatial distribution of Ningbo
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Table 6 Corridor distribution of grade I green space
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Table 7 Comparison of ecological space before and after optimization

BEH A B B R BEHAE £ Ir TR AL

Plaque area Patch density Largest patch index Separation index
AL T Before optimization 4320.8 0.854 33.7 6.534
AL SE Postoptimality 4496.4 0.276 85.6 1.873
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