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Construction of multi-scale ecological network and identification of
key areas of ecological restoration

—a case study of Nanjing

Fan Longke, Qu Yi, Cheng Jiaxuan, Shu Bangrong
(School of Geography, Geomatics and Planning, Jiangsu Normal University, Xuzhou, Jiangsu 221116, China)

Abstract: [Objective] This study aims to construct a dual-scale ecological network of “municipal area - main
urban area” for Nanjing City and identily key areas of ecological restoration, thereby improving regional
ecological connectivity and ecosystem service functions. [ Methods] Ecological sources were identified using
morphological spatial pattern analysis (MSPA) and connectivity analysis. The ecological network was
constructed using the least cost path method and circuit theory, followed by analysis of corridors, pinch points,
and barrier points. Subsequently, key areas of ecological restoration were determined by integrating the In'VEST
model. [Results] (1) Twelve ecological sources were identified in the municipal area and seven in the main urban
area, with total areas of 638.33 km? and 118.86 km?, respectively. The overlapping area of ecological sources
across the two scales was 103.02 km?. (2) Twenty-seven ecological corridors were extracted in the municipal area
and twelve in the main urban area, with total lengths of 568.21 km and 74.14 km, respectively. (3) Nineteen
pinch points were identified in the municipal area and sixteen in the main urban area, with two overlapping pinch
points. Fourteen barrier points were identified in the municipal area and seven in the main urban area. (4) The key

areas of ecological restoration in Nanjing covered a total area of 38.94 km?” and were categorized into three types:
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urban expansion, mountain destruction, and road obstruction. [ Conelusion] The ecological network of Nanjing

City shows no obvious hierarchical nesting characteristics between the municipal area and main urban area scales,

and ecological connectivity requires enhancement. Future ecological conservation and restoration should implement

differentiated strategies across different scales.

Keywords: ecological network; morphological spatial pattern analysis; least cost path method; circuit theory;

multi-scale; Nanjing

P AL Tl Ak 5 | S 5 Bl PR 5k,
BT BRSSO A B AR AL R R GRS T hE T R
CNAEL7/E A = /s W R o o o e [ IS/ s O 4
DL, v [l 0 T b AR AT Tt R fH ) B i
JHH B P22 YT sk A ok 17— R AE SB[, i 29
TR TR R R NIRRT S 5 AS T
a4y IR E AR R Rr e e AR A BB E TR,
R 22 0TI s AF Ak i 1 L A S48 S R i &R B
e Z RN ADBE 2 ARG R T AR R
G S RS, — e R R RTE T XEAE ST
w5 A M55 e A AN HE LU R A S RGP
PR IZ e ) 20 PR A S 0K T A 285 ) 2463 ik
A5 JHR A 3 e A A VR S R AR AT R TR X
A= W) ) T RE B UL GE 4R R AR ) 2 AR A RUR T X
SO 3% 3 M DL R A A g A DRI T A A A N 4% R S
AR RGP 5S4 HAR SRS

HHT, A RAESME R MR NAE T ERE
TR b AR BRIE — Y AR T 2 HARRY E 5 A
A4 55T T H R R A E DA B — RUBE Sy AT [ 2
FUBE $ix & A 9 il 99 56 08 U U 00 O R 0 R S 4
1655 5 DX 3l A A5 0 e 1 W I) 6, A TR i 5 L B
B — BH. 77 18 8 o — JBR 3 R 51— SR A — I 4 R
-t PR TR b AR Em I E
W T 2 4E EH R B AR, 25 T IR H— JRg A A
iz U 25 2% =5 [ ¥ J7) 43 i (Morphological Spatial
Pattern Analysis, MSPAD" A3 R G55 -G 59
ol 3 B S UL AH &5 A 1 O SO0 DG B AR AR XY
A2 F B MSPA 5 BE i Z AR $ (dPC) 3l
ok B E Bl A8 AR I 2 8 2 S RO Y RO IR
[] 5 B 25 27 > HOR W TF IR 51 A, an R T BE HL AR AR A
O AU b R ) A R AR A EE S G o 7 BH T T AL
J5 2 AT R 22 I AL S ok & G
NDVIAE 8 6 £, 30 F) FH 2B 1 0 0 2 55 48
b 5 A 25 JBR 3 (4 48 g 22 R A dRe/ R BE 7 (Minimum
Cumulative Resistance, MCR) #& 1M by fif 0 gkt
DL KR B B A O ik o BFSE RUE b A SRR SE B
PNAE BT R LT B e I XA B — AT B T
PR B IS — I — I T 2 S W) R

FRU LA T A W s R o A A A A e LU AR
A 5 0GB DX S, & A W 9 38 Ak T 4E R AT A
ERRG RS EE M H AR B A S M 4% R
Sl B e R R A A W R R AR G A M R AR
B A 23 E] 2R S B A GBI B AR BRI O
P e 22 RUBE A 25 0 245 g 2t , (EL B X S 2L X8k [ 4R
A AR 5 v R B IR T AR A D KB B AR T R G
U 1 RO A 25 K A B ) 00 K &5 4 ik 2 03 A A
D5 AT A e AR 23 T 5 R B A 2518 52 O S DX R )
W 22 AL T A A5 45 1 P9 0 45 F Bk B | i b 35 B
5 1 38 % AR 25 0 26 2 A 9 5 e DAk DU) AR X v 55
WA 5 3 — 2B R

T T AR S A = T R v R A AR S R
T, v R AR S R T AR A e, Il K
ARAR Jr TE T I 2R eV | 2 A A A I 4 LA 4R
FHHAEY 2R MR AESRERS IR . kT
W A SC LA BT o ] B T P — g 3 A L
T 25 2 25 18] K Jmy 20 B (VISP A il 3 43 B 1R 51 4k
VR HL, 25 A fe /D 9 H i 42 (least cost path method ,
LCP) ¥k 1A fi% B 4 2t 4 7 Bl — 2 gl X P AN R
18 A 2 R, PR A 2 e ORI A A, A R T
TS — X RO E A B M L, IR A5G InVEST B
AU W LA A8 5 G B X, DU R BIF 5T IX AR 2 I 4%
My 5 g B R 2%

1 XSk

1.1 HRXHELR

B ot AR VR T R R K S A AL T
Z— (1, BT 6 587.04 km?, 2020 4E 4 4E A 1 4y
931.47 J5 A o AR MR F 1L K SR " & A R T,
A A SE R AE S AR DAIR D B B S T VO R R
F, A T LK S R AR S LU bRk R R AT R
WERT BRIAT A5 7K R BT 9 A B s A B DA AT R 4 i i
MR S SR, PRI T Ak T AR A A T R AR n
J, 4n 1990—2018 4% g 15 FH Hi 34 i 105.67 %6, A & &
GiR 5 (R B 813%™ Y el AR A AT
SUTET G SRR o PR, R T R R A A Y A A )
HKURBAERRG Z 4 R sk . A&



5 3 3]

I B A5 20 RUBE A 5 T 245 ) o 5 A 35 1 5 G i XA

VARG 5T R il 357

WFFE NP AS ROBETT R, R RUBE B 5t T A7 BUAS
PR, 32 o T T AT O SR I s e R AR A R
P23 RE 1 G s AR O AR LK R T
DX D BB DX I R IX R AL B XX 64> XY
DX, gk XN T 2 5 0 3 1 S B X A 2 R 4
RO JE FAE TS R o DR, DA RO A ) o AR o R
B DX IUAE 2522 A Jmy 5 T N s SR B B AR A 45

ERWEW (-
BM o 2 5 -
N «; »:
wEN o
Wegm HmBAT
€T
HM
0 60km EMA s
L g AT

WM
EHm KM

T M mfrE XA

” / Aéf’a
] THEFEGLR ' A
'y
E - P ”
, - |

& ] BRWRELR )
R/ m 3 &
m 436 o 20 km 2
.,,\‘_A; 0 20 km - &
BRERK

Bl R mE R
Fig. 1 Geographical location of study area
1.2 HiEkiR
A BT B K R AT B R G
& .DEM DL K % P50 25 o Ho, 2020 4F 9 50T -
Hi A E g ok A b B2 B IR R AR R 2 S B P
B, 25 (8] 43 HE 4 30 m; % 9 4l ok H OpenStreetMap
W 3 Chttps : / www.openstreetmap.org) ; 2020 4F g &%
AT Bh s m st T Landsat8 i i85% 18 ) DEM
B ok F OB 2 8] B0E 2 Chitp: /www.gscloud.cn/
search) o LA b T A7 $i 4k 242k R 48— A b &%, M A% 2K
P F R AR 30 m o BEAR
1.3 #ARFE

1.3.1 A FMSPA F x# A SRBAA A BT H

PRI S RGERE S EY 2R 2 X E
BT MSPA 1Y A AR #1050 — Fh R B
A5 UL G 5 o A SO SR R R i A A U M Y
P MR O DXORE SRR S AR B AR, A A R
FHZE AN S A R I % V)M S B AR B m A S
T e (8 1Y 7 W 28 B4R Sy W e AR AU b, a0 B AR AR
M KBS N M A L AR SC LUK ML | R Ml R K AR
Shy i S B 2, F At 500 2 BU K Ry 17, 4
A 5 WS A R B Sl —(H ], P38 2 Guidos T H 46 19
MSPA T B3 B 58 XA A% 0 X IR LB L34
S5 TR WL S AL oA 0 DX 28 Y B e T AR K
SRR S A E N AE SR — Y R
J& 38 A A A AR A BE BT R B AR LG R K
BEHAE N & A ST . 245 A 098 X SEBRIT 2 % H
K557, 32 H Conefor2.6 # {4 i1 380 3% 18 I 2 15
B 3 000 m, 1 8 LA 0.5 3 9k X 3% 3 B
fE B 1500 m, ¥ 1l LA B 0.5, XF U510 H Y 4 1
VR b E 4T BE B B E AR R (APCO A ¥ dPCAE AL T
I 60 %0 By & 2 U5 b R 43 Ay — 9 2B 2R, JHG At I b o)
Oy R AR o X TN RO A A 2 U b 1R 5 D)
s A AreGIS Hp i BB 3t £ T2 B i 0 R R A
A& BEPAE Ry I DX — A AR R T Y B
Pk A7 dPC 53, 4% Hi iR A o R0 43 Y — 90 A= A i
132 A&mAamE EERG D, Y GEEA
Yy Fh i I 3l 32 B £ 25 R BB AT . # g2 BE ) T gk
REL A5 P 2% & A6 31 AT A0 AR, T8 4 b e 7R A 285 T AE St W
IS S . O RIE T AR SRR X
SEBR R HCE R BRE R 2R R AR AT W L BE
T [ R B 5 S B T R e T R A A &R A 4y
725 90, % I8 B PAS RBELEA 3 A AR 4 B RR
22590, DAL I T A S8 U A A R I X HR AR AR R L OF AR
F 2 K 43 M7 ¥ (Analytic Hierarchy Process, AHP) #ff
FE 45 BH A B B ACE (1), 1 T3 A S i A il
LR B

F1 ESHENEFERRENE

Table 1 Ecological resistance factor levels and their weights
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Fig. 9 Spatial distribution of habitat quality and key areas
of ecological restoration in Nanjing
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