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Construction of ecological sources identification system for metropolitan areas

and diagnosis of key areas for ecological restoration in nationally spatial areas
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Abstract: Construction of ecological security pattern is a necessary means to ensure urban ecological security. Accurate
identification of ecological sources is the basis for the construction of ecological security pattern. In this study, ecological
source identification system is constructed in Shanghai, a highly urbanized metropolitan area. The influences of different

land use data sources and index weights on the identification of ecological sources are investigated. On the basis of this
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identification, ecological resistance surfaces are constructed with the minimum cumulative resistance model ( MCR) and
circuit theory to identify priority areas for ecological protection and restoration, which could complement the existing studies
that focus only on protection/restoration. The results show that (1) the naturally ecological background is still an important
indicator for identifying ecological source areas, and the addition of human demand indicators can fill the lack of relevance
and richness of existing studies for identifying highly urbanized source areas. The best recognition is reached when the
weighting of ecosystem service pattern, ecological and environmental safety pattern and environmentally friendly pattern is
5:2:1. (2) The spatial and quantitative distribution of ecological sources in Shanghai is extremely uneven, and
fragmentation is the primary problem. There were 202 ecological source sites in Shanghai in 2017, totaling 920.96 km*,
accounting for 14.53% of the total area, of which the number of micro-source (area <3 km®) was 82.67%. The level of
urbanization affects the distribution of ecological sources. The outer ring is the watershed between the number of source sites
and the total area, and the suburban ring is the important boundary of the average area of source sites. (3) Shanghai’s
ecological protection network is composed of surface (source sites)-line (corridors)-point ( priority points) , including 442
ecological corridors and 306 priority points for ecological protection, with important points and lines concentrated in the
central urban boundary. The priority areas for ecological restoration in Shanghai are 325.47 km’, including 309.78 km® of
obstacle points, and 95 non-ecological patches ( 15.69 km’) need to be optimized. The priority areas for ecological
restoration in the metropolitan area should focus on the areas of resistance to urbanization spreading, and more attention
should be paid to grassland and arable land with moderate ecological value. The study can be used as a reference for

identifying key areas for ecological restoration in other highly urbanized areas and cities in the process of rapid urbanization.

Key Words: ecological source area; ecological security pattern; ecosystem services; InVEST model ; Shanghai
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Table 1 Index and method of ecological source identification based on ecological security pattern

PO fabRz it (9| Tyt ME—  ME- REE xRl
Identification method Index layer Index function  Method Weight 1~ Weight 2 Weight 3 Control group
HERZRG RS R + RSS2 1 3 5 1
Ecosystem service patlern SR + InVEST {55

T RIZ A 7= 71 (NPP) + B 7 i TR

SO + AR
HEASIRES B A Ja I —fL A B FE R (NDVI) + G 7 i R 1 1 2 0
Ecological environment A SRR i + =2 T CATIRES
security pattern T % 2 + El R RN
IR ) PG ek T RO S - Wi B s 1 1 1 0
Environment-friendly pattern iEUN T + R v

221 AEWEFEERS VEAS

MG ZREE IR S5 M PP AR W ZREVE IR S5 (. o Ml 4.51 38 3R 3.69, /K& 3.43
ASBORR HE 5 25 S 29 18, 4 3019, Pt Ry 1.87 , FFHb K 1.02, A /K TR A1 0.,
2.2.2 AERFEEIEL

A R AR S ISR RS AE R L Y E A AT R RE T, 5 PR 2 A R R S A B U R, AR SOl
FH InVEST #5781 ) A= 5% i 5t ( Habitat Quality ) SSHFAGBF 7 X 300 A B8 oS> BRI AS (] - b 7 k5 1
38 PR ST R PPN A B R A A RE A

Q,=H[1- (D} /D +k)] (1)

X Q,, & BRI j KB « (9 ESEREL; D, S I B B j I o 1 2SRRI R
H, 2+ Y j A S IAEE TR 5 b BRI AL
2.2.3 S E M T

SORERPERRAESRE YT fei X5 B WS RMERLEE . T %@ AR5 ( PC ) WERT ASRAE X 45
A I, R T ARAE 4% BEHORH s R 3 M I O SCRR B PC AT S X 3 M o A, FLYE RN R O
B 1, BE(E R E s AR,

pc =" (2)

S, 0 BRSO BES A, 0, B a, A) BB { ABEHe BT, A, WBFSE A TR, P, R BEs i i

http ; //www.ecologica.cn



2
He

7060 2 SO Eire 2%

Z [ i 5 AR
PSR B AR B BEHO TR S W@ PR P, LA 2y B3R . 41X PC 188, BERE Z{E (dPC)
AW

| _PC= Pl
PC(%) =~ ™ X 100 (3)
K, PC AT BEHIAAAE T8 X BT A W] e sl MR 5, PC,... NFERRFEBEHS 1Y 7] fig 3% 38 M 48

AQIENS
2.3 RSB E

B RGP YR R S5 B AL T B v IREH 7 A SCE i /)y B BE A R A A BE T 1 A
RIAAE .

MCR = fmin ), D, X R, (4)

A MCR ﬂilEE'i/J\%’ii”\ij{E;fﬁ%@ﬁ'ﬁd\/@%ﬁ”\l‘ﬂjﬂ'ﬁéﬁﬁgiﬂﬁﬁzﬁﬁﬁ%@ﬁ;min Hi/ME; D TR #
Ws @ S RIEE S R, MR ¢ X AR BB 1A

CRE AT SR S R 5 H RIS R, NSRS R T 256 LT AN KT 15 e Pk
T iE % POP 5 GDP NARFRMAE 5 | L Gei 58 2 D)+ MR 2SR e SRR A, A 7% &) i 5 g
e [R) A AR R O OSSN T ) AR DG B 5 L A A B, VR R R AR AR TR A sl N [ AR 32 B i
A BB ) 8 3T iR P 2K TR A S e B 1 5 e B 1 B B SR RS A R B T, o R 4

Z(s) = 2 AZ(s) (5)
Hrb, Z(s,) A% i I IEUE; A, 5 i/l\ﬂﬂffﬁﬂii; so AT AR 5 NV RS AL
2.4 AEBGPE X EER ]

ARG TS RE R TR S AE SRR 1 3 i B A 25 A AT SR 2 T R/ RAE
Y 55 L BB 1) Linkage Mapper T 2R 51 A= 25 JEEIE | -0 W B 38 5 )5, B 4 B BH I (AT 10% ) 194 258
T AT AP AR BE ) R 38, [ 22 (J7 10% ) A it 48 52 10 55 B JBR A8 5 28 2897 A 2 o B A 25 AR 3 19 32 a5/ 47
OO0 T e R S P A T X, A A A S AR E ) ] Pinchpoint Mapper T. 45
o T IE ST S AT i BB, B O AR R L e A A T BRI (1 58 T AU — S AR
JER TE 1] (4 38 23 4T 2 s
2.5 AEBBE IR

ARG TR B R S RS PR T IX I AR i XIS R R AR S AR R N XK, RAESBESL
X, f#i ] Linkage Mapper T EiR 51, i 5 B AGRH 7182 shi8 R 11 AW - 10 N A= S PRS0 X IiF 9% IX 3 3
B PR THE R Y AR, g O K S R R A, NS B A T

LCD'=CWDI1,, +CWD2,, +(LXR') (6)
X, LCD Rl B AT AL B 5 A 5 /N AR BE B8, CWDL, RICWD2, 4350k 14 11 28 P A T b ) e/ s SR BRBEL 7 18
L Rt ORI, R v H R IME.

W VR SE T ORS8O [RDRLEE T B AR A M 2540 B e Ao o 0 38 1k R B I 22 [ i iy
B U EE AR A B (R B IR AR R — B B ) 5 A A A 2 LS RS 1 N S 03 3 1 1 BB
(B R AR | B4R ORI ANHIE M BE ) 2O

3 #R5H®

3.1 AERTEHS SR
T DU R R E TR 3R] F 2R S A 1, g K T AR Rk T AR RN Y He T 75% , AR

http ; //www.ecologica.cn



17 34 JE A R X A TR P A Z A A R[] s ) A A B G B XS T 7061

HFFHEE o FROM-GLC10 BYANZE /K T8I TERR 7 L i i (43.02% ), 55 [R]AF A L Ge 114 S v i 2 16 1 b T
TR 1L (48.70% ) e 33 ) #F b T AR ( 2566.75 km?) 5 3 T Landsat 1% BOECH Al 126 45 51 (2784 km?) Fe 4%
P B AR AR R 25 5, FROM-GLC10( 8.61% ) i /& T Hofh = F1 (0.39% .0.48% % 1.38%) , H 5
i3t Landsat TM SABE IR AMLLE SR FATRAY 2015 4F 11T AR 1 AL e (7.009% ) B 823 i i Ae
i T B2 5 (4 AT BB DR Ry 40 S B T 5 BB v B A N b ) R R | AR A3 R R R R 43 4
b BEH P IR A AR, £5 1, FROM-GLC10 X 5 Bk ih K2 #8215 F b/ A3 /K T B RSG5 B A T
B R AR S T 5 B o P S R b U LR A BRI A T

50
B FROM-GLC10

FROM-GLC30
B GLC-FCS30
CAS-LUCC30
IJ . — | -
Hr Kk Tl

ER NS il picsii
Impervious surface ~ Cropland Water Grassland Forest Wetland
and Bareland

40

30

20

& ke Proportion/%

1 EfmHEMtiF A/ BEEEEL A ALR LS
Fig.1 Distribution of land use types in four land use/cover data sources in Shanghai
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Fig.2 Five-level distribution of comprehensive valuation of ecological security in Shanghai
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Table 2 Area classification statistics of ecological sources in Shanghai

432 Type B Scale #t Number
W A 2SR Micro-ecological sources <3 km? 167
I Z5 D, Small-ecological sources >3 km?, <10 km? 22
R A 25U Medium-ecological sources >10 km?, <30 km? 7
KA 25 HD Large-ecological sources >30 km?, <50 km? 3
BE R I Z5EHE Great-ecological sources >50 km? 3
A3 Total 202

®3 LiBWHTEAREN S RSN ESFEBS 5
Table 3 Distribution of ecological sources of four rings in Shanghai

AU R

ILRE ALK Number of ST km? ST AR km?
Ring range Urbanization level ecological sources Average area Total area
LA Inside the Inner ring =1 1 0.96 0.96
PIER-H R Inner ring-Middle ring B 2 1.74 3.47
FFIR-FPFE Middle ring-Outer ring Rk 5 2.22 11.10
HFR-ZBFR Outer ring-Suburban ring AR 92 1.82 167.02
KBILIAF Outside the suburban ring 1% 102 7.24 738.41
A1 Total 202 5.92 920.96
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Fig.4 Spatial distribution of ecological resistance surface in Shanghai based on coupling of “Human-nature”
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Fig.6 Distribution of priority areas of ecological restoration in Shanghai
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