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Abstract: In the context of urbanization, contradictions between human beings and the natural environment have shown the
characteristics of multi-scale and hierarchy. While the traditional construction of ecological network paid little attention on
the relationship between ecological elements at different scales which could not be implemented from the region to the
central city. So it was difficult to form a systematic solution to these problems. Based on a comprehensive review of
ecological network construction methods at different scales, taking Changsha City as an example, we identified ecological
sources through Morphological Spatial Pattern Analysis (MSPA ), landscape connectivity theory and the evaluation of the
importance of ecological patches. After determining the multi-level ecological resistance surfaces, we used the least cost path

method (LCP), circuit theory, hierarchical transmission theory, scale nesting and other methods to study the coordinated
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construction and hierarchical optimization of ecological networks in the urban area, metropolitan area and central urban
area. Finally, based on the characteristics of ecological networks at different scales, the research results were applied to the
multi-level land spatial planning system. The results showed that; (1) the urban ecological network and metropolitan
ecological network had good hierarchical nesting characteristics. The number of ecological overlapping sources and corridors
on the two scales were 14 and 15, respectively, which were mainly connected with the peripheral ecological green circles
through the Xiangjiang River, Liuyang River and Laodao River in the central urban area, forming the spatial pattern of
“outer ring and inner wedge”. (2) The core protection area of important corridors in the urban area, potential corridors in
the urban area, ecological overlapping corridors, important corridors in the metropolitan area, and potential corridors in the
metropolitan area was 501.14 km®, from which we extracted ecological pinch points and ecological barriers for further
ecological protection and restoration. (3) The length of ecological greenway in the central urban area with important
ecological connectivity functions was 441.2 km. And the number of ecological restoration units was 56, which was divided
into 5 levels combined with the ecological resistance value for the targeted restoration. (4) Based on the connection and
nesting of ecological sources, corridors and node patches at different scales, we finally constructed the overall ecological
security pattern of the urban area-the urban ecological spatial development pattern of the metropolitan area-the ecological
restoration unit of the central urban area based on the urban greenways, which corresponded to the land spatial planning
system at different levels. The research results could provide a scientific reference for the cross-scale ecosystem restoration

and ecological security pattern construction centered on large cities.

Key Words: ecological network construction; multi-scale collaboration; scale nesting; landscape connectivity; level

optimization ; Changsha City

Wb R —MEZ N E REE R T AR E)Z ARG H R RSG5 6025 8] Kk H
HNEZSEARRGEHENTE NG SESRG L AR AEFIREES R 19728 {0t 2 20 B 2
APEERAE ) UTAER  BEF IR 5 H AR P G B H 353550, B R0 A A ek R A AL B AL S R
w0 IR R A T AR M SRR ARG AR E S R RA R T BT Y B s AR
Hﬁlﬂﬁf%?&éﬁr%ﬂi Fay gt DL Z AL T80 A SR TR IR AR O R R E () 2 R | R A A N 4% % T
T 5T KIS & G LA S A SR AE S R G st s iR A 2R

‘lﬂ%ﬂﬁﬁ*ﬁi‘/}??w MR EE R FEAWHE T A 2Rt sk A5 R
G ARG 24N, 20 4R 90 AR LLE , ' BT IR T A A R R BF g S T ERR  SAEEE
BT LR B, AN S ST 1 E B 5oL E R4 MSPA A4 P 4 4 A
Bt MCR RS0 R e B R A AR T VR b 3k B — P 1 A R — R T R — T AR
fb—Mgs Fg i X — gyt Ifis B T &) ke T B A X %Nﬁ]/\lﬂﬁ'ﬁ,
HEERA DT R AR S RGN BB B 25w T 3Rl Wik E At S R Gx ARAERIR
S AKITRA A2 lﬂ%ﬁﬁﬁﬁ’ﬂf%ﬂ%’dﬁ.ﬁﬁ%‘ B — ELAAR P 1) A A A TR JBR T A ™ B ) < Eﬁki
355 0 7 S R AE ) 2 RE PR AR AR P Y AT 2R T AR M 2 RO AL AR R AT AR S R 5T, IR T
R BAE T S ﬁ/vur AL A AR L TR S (At E— A i T L&
A K2 RIE IR Z T EAR T X EPui;ﬁl_ﬂﬁ/\ﬁf“é/]E|%i,u%/‘%i,f&&"%lﬁ}\%%%ﬁ%ﬂ%ﬁ
M2 E R RS HARAESME IR, 20 T NRRGS H IR RGAE SO A AL &8 77 19 N 7E 22 Sk
=3 Z [ A sh A AR A, TR) s X 45 RUBE Az 25 IR 26 ] 1) D3 ) ¥4 S RN AT e B D IR AR ST, ME LA R Gl th A2
FESYTIR TR B SR SR BEAL B R Ak IR R, DR e RS BRI A Tk | ELAR R S A T T AR R AR AR
b, AR NJETE ShF H SRFRBE TP A B 0 Kk i B L 30 3 DX AR R F 5 5k 42 %ﬂﬁiiﬂjz HoH X A
SO DXRUE b A A 285 ] R S RS G 1) 22 S Mo it A T 22 IROBE P ] 9 A S I 2 Ay g, Il ad dE— 2P i R i &

http ; //www.ecologica.cn



6334 JAE = 43 %

TR R A , 5B A= 25 I 288 162 [ J2 T A LA S92 ) DTG S ST A 7 58 T DX P 8 2 24 A 2 3R I35 1D R ) e ke
T AR5 ik

L LT AR SCES G A OEFEHERD, LU VDT 0], J6 T LCP RIS R ML S HE S5 07 i R I 2 R
JEE DI ] A3 i 2 25 W 26 A 5 SR I A T 58 R RRUBE b A DX Sl R AR A 25 2 s S 5 v WL RUBE b 3 o p
F IR0 A2 JEF o LA AN ) RO AR 25 M 28 SR 2 T R S 2%, IS i A 25 25 e kSR A Jay 5 /INIRUBE e A
PSR LR A A5 268 R G0, B AR MBS 00, Il ad AR A PR — R T — B B —s (A BE SR 1 A HLR 5, R 5
B TSR X — P X 22 ROBEAE 25 R 2% B AR DR R Ak . RS2 28 8 R A i S— P Do 3l X R ST A 3
A S M R R 2%

1 HREHER

KV F 111°53'—114°15'E,27°51'—28°41'N Z 0], i m 8 4 2 AR T Aok . Ak 1)
AR B, RV PN IR SE Pk TR AR R O . AR, S T 5K TRk T 4
SRR C R R A B 2 2 M M SRR ) P e 3kl 3T RUBE A AR A S BOR U T KA S RGN
TERNA A, O3 XN 1 5% B3 O RS TS G I 3ok i 30 RS A B e e A ™ o, Sz RS b Bl 4 A3 | SRV I R R
ERRGTEEEMBREE TR, T, KD THEUN G TSSO BUR , ik g 22 RO B[R] 1 A= 245
2N X AR A S I BT s B AR . A SORE (R VDT 2 () S AR R (2021—2035 4F) ), #BFE
X045 K 3 A REE (K1), Hrp i N B AT AR 11816 km? , AL4E 2R X RO X FFHE X FAE X EREX
WX KVE TS MR (6 X 3 B (1) ) ; #3903 km?® , {7 F i i, & KR IX KO IX
EREX PR IX AL X R IX A D B IX (6 [X 1 B ) s HO 3 IX T2 A 1143 km® | 28R #0 T X H
W AR X

112°00" 112°30" 113°00’ 113°30 114°00'E
T

28°30'N
28°30'N

28°00"
I
| 28°00

0  20km

112°00" 112°30" 113°00" 113°30" 114°00'E
i A
1 Wiy Kk T H T #B7y X
OO g PN Al ) 4T BIXRI
O A7 X R it Wit vy X

E1 #MREEE
Fig.1 The location of the study area

2 HIEEMRAE

2.1 Bk s

FEILREHE 4 . (1)2020 KT LA A, 2550 BE% R 30 m, U5 A H B2 B8 = hup ./
www.gscloud.cn, i# i ENVI 5.3 #4456 H R 13 153005 (2) Kb i B 20 , R U8 T OpenStreetMap :
http : //www.openstreetmap.org; (3) DEM AR | SR IR T PR A (8] B = 5 :http://www.gscloud.cn; (4) IH

http ; //www.ecologica.cn



15 1 PG T 2 RS MR BV T AR A A i 5 2 Ak 6335

— AL HE B, R Landsat 8 S350, 22T ENVI 5.3 ARG, (5) RAATOEEEE , i T3 — S 006
& A http . //59.175.109.173 : 8888/ app/login. html ; (6 ) K 5 115 AH 5 B0 R 98 84, KI5 T4 10 17 R B 0 3
(http ://www.changsha.gov.cn) AV H SR G5 I Jmy S SCRR A (5]
22 BRI
221 EBFEHAS)Z I

(1) T A AR iR 5

T3 A5 U5 H G DO P B AR A B 1R RS R G RE AR AR Y SRR A L AR
FEA S - MR PR AR R T RUK AR 2 A ) B R A B > RV AR S TR Ak X R RIE | —
JE YR I LTI BRA T BUX 0 A 25 R G IR 55 DI RE A FE R, 2% Koen 251 BUBST, X Tl A1 B 15 8 3
km (125 i DX AR R T S5 ) £ A5 e 3 BT, 92K FH  MSP A + Conefor 14 38 446 56 1) 05 2k o Tl 3 A4 25 B e
FIOfiE ™ MSPA JE R FHECETEAS 2 I X % PG 0 4723 T)  J5 T RE S AR 4 i) — Rl 7 3k, BB ML 25 1]
T 25 S 0 1 £ B VR 00 E BB | DT S AR S R A e BB R R 2 i 7w deim it MSPA 40T, 45 A 0F
T X FEARTUIR 045 0 H T RRHE 44 T 30 14 26 28 BEHRAE A 7T 0RO 118 45 28 1R M 5 422 1 ok 255 A 56 Sk >
L5 G 5T X SCPR 32 FH Conefor 2.6 B2 38 I 25 B B0 1500 m, HEEAERIEN 0.5, % HAEAT BEHe %
HPEFRE(dPC) 15, Hr,dPC KT 0.5 WA SBEHAE A il — A D, dPC /T 0.5 YA S BESAE N
Mk = AR P,

(2) AP XA S TR R 5

AT DX A 25 U A0 B T B RUBE () SR AL T R T A A R A R TR 2 B P IR AE AR T | A
[ A SR R A SRS AR S TR G . 45 A OB RS (7 TR X P 4 77 32 25 VR 2 31
T X A 5 o o v A e K L0 P A U (0 AR S B ) R S5 R AreGIS 10.5 4 i = B s e
T FRER AT DX P A0 T S A U b (B RUBE () 9 A 2SS B T ) AR R T X — G AR AR, AE# T X
TR VR L L 100 h® VR kU 3 U /) T AR S0 S0 B R R BE B, 45 A 0 T X AR A BB T R 1Y
RRRYE RS2 A0 I SCHRT ) 3k BUBE BT R 48 850 S | 77 S IR b 1) 5 A I A 25 ( Cost: Weighted Distance,
CWD) IR ANT SEHds Btk M 5 (dPC) PEAT AR A BEHR 1 55 B PP ; $5 R [ SR BT A 5 43 28 F 5541 A
TS B A ZS BEHL Y B B S 2, PEER TR R PR IS BE LA AR T XA A A R M B g
S — AR R . P BEYUE R BT USRI B BRSO AR Y AR (1) TR
V5 A AU S ( CWD) S48 RS G B o0 Y5 %) S AS B B8 407 | ] AR 233 ] L sz e 00 i X2 25
T RAS B A3 A B 5 2830, T B S AS INASUEE 85 ( CWD ) 454 0 1) KT R0 BE 4 g S et 0 7 X N 2
AT RGO ; PEH I 8 PP EOT T B i AR Sk

BEHIEARIEBGTE AR ATF
_p
N
o, S HBEHIRARFEEL, P oW BEH K (m) A FBEHHEA (m®) . BEHURARTEEL S M MEE /)N , 26 B BE S i k0
W), B MR
2.2.2 AR IE Y E R

A= A5 BT 1T 8 B et DI AR S AR B S O . T RO RN A, AR T 1 A SR A 85
SAFRNGETE S S AP AR 25 5 S R RS 1 IR -t 2 S AR A R AR Ak, PRI, 24 285 BEL ) T A4 s R A Xk 8
TRIRBE A, A Rl R AR 22 520 76 AT IS0 rpoco 3u IXORBE SR 26 1 el R v, Bl A 2T oy 2 47 44
5, A= ASBH AR K 53 o G 32 e PR -t AN A (), 5 222 A () RUBE [ A9 366 2 ke 47 BEL g 1T i J2 04
#, MRS % L2 X R TR R A 25 B T R B4 3 RO A 50 1>, 0 00 45 81 B A RO 2 1 L IR 7
(1) E BRI A, i i — 2D b G808 7R R b — 2 GO R A A5 BEL I 0 AN H R 2 g A BH

S

(1)

http ; //www.ecologica.cn



6336 £ ¥ M 43 %
JIAFEA TSR A (K] 2) T A A IT IX S BR , U0 H T 3 — PO IR XA [R] RUBE R i A= A BB (3%

1), el AR A RN R 2 GO R i A= 2SR T

| A A
I
\ Eﬁklﬂ% \

mm-m——

.
/%~/

TREA

EEEE?'/

ST
|
4 A B T AT DX 25 A BH ) T L DX 45 A BE O ‘

B2 miEd—r O X SRR B F RS T

Fig.2 Analysis on the composition of ecological resistance factors from urban area to central urban area
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Fig.8 Construction and optimization of ecological network system from urban area to metropolitan area
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Fig.9 Construction of multi-scale collaborative ecological network system from urban area to central urban area
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Fig.10 Suggestions on the protection and restoration of multi-scale ecological network space in Changsha
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