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Abstract: This study focuses on the Chang-Zhu-Tanurban agglomeration as the research area. It integrates the analytical strengths of
Morphological Spatial Pattern Analysis (MSPA) in landscape spatial structure with the quantitative assessment capabilities of the
Integrated Valuation of Ecosystem Services and Tradeofts (InVEST) model for ecosystem service functions to analyze the evolution
of the urban agglomeration's ecological network, which holds significant value for safeguarding regional ecological security. Firstly,
based on time-series data from three periods (2000, 2010, and 2020), ecological sources within the Chang-Zhu-Tan urban
agglomeration were identified. This involved calculating the levels of four key ecosystem service functions-water yield,
carbonstorage, soil retention, and habitat quality-and combining these results with MSPA.Subsequently,ecological corridors were
extracted using circuit theory to construct the regional ecological network of the Chang-Zhu-Tan urban agglomeration,and its
spatiotemporal evolution characteristics were analyzed.The results indicate that:Ecological sources exhibited a continuous expansion
trend in scale from 2000 to 2020, with their coverage area increasing from 5855.53km? to 5898.43km?. Their spatial distribution
density displayed significant heterogeneity, characterized by "high aggregation in the eastern and southern regions and low density in
the central region". The number of ecological corridors decreased from 119 in 2000 to 114 in 2020. The total corridor length initially
increased from 1604.16km to 1689.22km, then fluctuated and decreased to 1573.28km.Spatially, the corridors exhibited a pattern of
"sparser in the center and denser on the periphery". Ecological pinch points (critical areas) and barrier restoration areas were highly
concentrated spatially near the corridors. Among these,the number of ecological pinch points showed a trend of initial increase
followed by decrease,while ecological barrier points exhibited a continuous expansion trend.

Key words: ecosystem services; morphological spatial pattern analysis; circuit theory; ecological network; Chang-Zhu-Tan Urban

Agglomeration
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Fig.1 Location map of the Chang-Zhu-Tan Urban

Agglomeration

K Bk VB B T OBE (111°58'~114°15'E,27°51'~
28°01'N) FEEK V. BRI W =10, R 4
28081.31km> (Bl 1). 385 117 BE J8 0 HA 7 25 RS 4 4
B)A 16~18°C.2021 4R, X3k A N AR &
2200 J7, 45 Mk 3] 15796.31 1270 30 4 3k, Ko bk



10 3 SSEFESE: FET MSPA-InVEST A7 (14 bR VB35 117 7 25 25 0 45y AR AifF 9 5771

TR R BORHERE, “ =T — 1”7 KRR R
BT 563 AL — PR A E R 3T R AN BT AR
d AR AR AR ], BRI AR AR AR ML SR D Skt
AR 2 A A AR AN, 28 25 22 4 s g 0 R AT A 4k
Il TR — A R R B TR N SE IR AR S R AR
280 e T R RE TR W R Lk Sy 2 T I ) R
BB SE )

1.2 Hs ks

AT K B = EA G 2000 4. 2010 4
A 2020 ) HHOR HEGE . SEdE . LI
Bl R R BRI S @B R S - H R R 2R
AR BARERAKE. BB AR KB
FHER 2R G BL 24 B O (https://www.geodata.cn/),
B AR A (DEM) K 11 H (B ) 2 B 1 34 4 [
B ¥ & (https://www.gscloud.cn), -1 38 5t Hh %5 §ix
K H FAO. TASA i 5 4 358 B4 7 (https://www.
fao.org/), KA Ik T HFEAT BUX R EHh >k B 1 5 b 7
5 A 5 IR 4T & (https:/www.tianditu.gov.cn/), 4
{23 1) oy e — 30, Bl B Rk . FEIBAL I S A
Arcmapl0.5 A R FE S — 8 30m 73R,
4t — K H Albers Conic Equal Area H52ALbr R,
2N U RSN V1| I M= Ay | N i I EEE -
1.3 WA
1.31 AERGIRS e WHELESIA U HE
25 V5 Rl T (10 2 25 DR, BF S0 B K IR
5 BRI IR ORFF VUSRS RS
g5 Thie. KM InVEST BT AL VR, P4 45
RARFUEA AL P 5 38 I S5 B IR 275 RS
RS IHe R )Z.

(D)= KRGS 77 KRS HR A A R gk AR
PR BE IR  WFKIEEA AL D e, DLSCRE AR
T SRR AR 2548 BRI 03 T /K &SP A JU B 2R A S
foes A BHEMIHIE R AT InVEST A28
JKiE(Water Yield)BEH Ak PPAL I ST = 7K i v
H{h:

AET
Sy =(=—")-F, )
X
oy Vo,
AET PET PET
XX | 14| — )
P P P

PET, =kc, -ET,, 3)

o _AWC, - Z

X

+1.25 4)

X

Sy A x 177 /K B mm; AET, A x 15K
bR MUK B ,mm; P, M x (AERF /K &, mm;PET,
FEAEZE R 0 NAEV IS E ke, MEMIZEHUR R
HCETo WS HEAR B EAWC, AP ] A &
/K837 4 Zhang 244

(2)AE 555 ot S A 58 0T AR s i A S I B I 0
B PRSI H InVEST ) o 2 55 57 B R B
(Habitat Quality )X AR 3 v 1 A= 455 5 i e 45 kAT
AR PG 5P

Q.=H.-[1—D—’2‘fJ (5)
v Y qﬁﬁ

0y Dy Hy 5303 s TR HI2E A 5 rpbll
M x AEST R A 1R A0 0 Nk b
R HL

F1 KKEBHHEMERT
Table 1  Stress factors in the Chang—Zhu—Tan Urban

Agglomeration

RAMHaEEE  BUE Jpia AT FERLE

4 0.7 BhHb(cultivatedland) Linear(Zk k)
6 1 7 Hi(Construction)  Exponential(F6%0)
2 0.6 1 % (road) Exponential(¥§%7)

F2 KRB mHES AN ZME B TR E
Table 2 The sensitivity of different land types to various stress

factors in the Chang—Zhu—Tan Urban Agglomeration

WAL BRI b AT %
it 0.4 0.2 0.2 0.65
PRt 1 0.8 0.5 0.8
Bt 0.8 0.7 0.4 0.75
Vi ih 0.6 0.5 0.25 0.65
KA 0.75 0.55 0.3 0.75

H 15 T H 0 0 0 0
it 0.2 0.1 0 0.2

(3) [l e fir A o] s A7 fi e 55 A2 i 2t E A 40 L ok
A VR 2 AR IR AR R BT g
FE T A ) R B R s R FH SIS AR L
PRI InVEST 4528 [] 55k 47 fif 152 e (Carbon
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Table 3 Measurement parameters of four types of carbon

pools in land use in the Chang—Zhu—Tan Urban

Agglomeration(t/hmz)
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Table 4 Assignment and weighting of resistance factors

VSRR 53 Gaknitk [iwagEes &
Pt 1
BRI 7K 3K, 2
LA A Bl 3 0.4625
A H 4
SR 5
<171m 1
171~369m 2
IR 369~659m 3 0.1079
659~1092m 4
>1092m 5
<5° 1
50~11° 2
iR 11°~18° 3 0.0343
18°~27° 4
>27° 5
0.12~0.25 5
0.25~0.40 4
BRGNS 0.40~0.54 3 0.255
0.54~0.62 2
0.62~0.94 1
B X 1
M Rk 2k 2
MSPA 527 ICERFNANE 3 0.1403
DG FIFLER 4
GBS 5

2 HERS5HH

2.1 FT MSPA-InVEST A5 ) A= 255 iR 5 K
BT
211 T InVEST B4 RGNS Draed
HOAWPR RS T KRBT 2000~2020 4
W) P2 KRGS T BRAT A A 5 0 e 3B DUk
A2 25 Mk 25 T B 1R B 23 Y5 A R Il ok = ) A &
SN 2 VRBAR AT 2565 B AR X Sk g 5 2R A
B 4% 7K 1 2 a0k R (1 2) 09 36 W, 45 2R AR IR S5 T
REAE I 25 o 5 1 34y S0k 2 1) 72 ) 0 e e L A
TR 5 DX 3 R FH 2 A AR 2 D) O Bk

KRR I T BEAE 2000 4 2010 4EAT 2020 4E ()
FEIK AR 30.16x10°,37.61x10°,30.53x10°m’,
BARK I N S8 BT BRREH I, 2000~2010
RPN 7.45%10°m? B0 535177 2010~2020
SEFE KRB D 7.08x10°m?, I A LR e A
BAEREK A L SRR, e K AR A A 7 X

B 7K B 132 11.2000~2010 4 7K B4l W 2%, A2
12010 K 2, = T e A 1P K (5
¥ 1500~2500mm), fin - A 2 Vi 52 B0 R 2R AR b T
TN ER T 2010 43— VAR v, X 3= 7K i
PR32 B K IR 2 5 W LAAR, IE 5 2E SR L 7K ARl
it J - R F AR AL S DR 3 DI BE R, 2000~2010 4F,
G RN A ST T P2 KR R
(FIRE I, M 2010~2020 4F KR i i — At 1
TP 3y g W oK, BRI H A B AR
R 7 G SRR KRR I8 A S R G Rk b e —
SEFE R FHIES T DR 7 oK e Ty ] 4 A ok
F,2000 A1 2020 AR I TR K IR S5 HE A
S IR P 1) PG 3 110 % 8] 4 A REAE 1T 2010 4100
FEI A A Bl e T AR ) 2 TR SR 23 BT B 4 7 /K o
&b BRI, T S DXk s 2 S AR R R (L DX R B 43
A, 17 1 X 3ol i LA 8 v 1 R A 7 6 B, [ )
IR N B (TR P N e w71 i D A N P B
PE KRGS KT

2000~2020 4=, KA I 117 B 11 [ e A7 it (o B 22
DI T B RS R AR 15,2000 4B il A
3.3812.1,2010 4F N[44 3.37 12,1,2020 4E3E— />
2 3.25 146,53 398> 0.01 42t A1 0.13 42 t.[F] B, X 5
R T Ak BB SR A, 2 B 11.35¢/hm’(2000
). 11.35¢/hm*(2010 4E)F1 10.92t/hm*(2020 4E).[#
TRAT A 52 25 24 FH s 55 g R A 5% iy (8 25 1% K ey
393 T A %) b R 4 46 DUBR S RN b 2 32, 3L bk
by DR L A 7 5 5 R A 0 T R S R B ) ]
Biche 1.9t HAERE . S0 S ARSI BUR M V) R4
FHR I FE DR IR [ e A7 i 8 ) A4 v AR T, A 152
i (R LA Bk 4 S BOMR b R M 25 = B RE )
b2 [ D 4 T B [ e A7 s i 0 10 T L TR
Wb, A AR TR 0TI TR — A A e R 2 ) b 5 g (1)
AR T DI G A7 B8 ) RSS2 ) 4y
A REAE SR, AR TR IR T A 0% 18] 5 A7 ik i S AL
—E IR I e AR R I G AN 15
ATRFAEASYD IR RN B VAR 7L 350 58 DX ik iy
S R, TV AR RIARE — 717 10 3 B i X Bk
TR 508t DX A3k iy 2 AR B R R U F TR X AR S R
4 ] B A7 fis D ReAE 25 ) A B A i by T
A% e AR M AL B2 =TT A T b 1 5 e,
AR DX VSR AW O B A e it = 52 F PR S A T L



5774 HOE

R 45 %

[ e A7k 6 ) LA S - MR AR A0 1% 0 o] DUt [
B A7 fits 12 1 AR A AE — o R B L e it 77 DX PN A
B RO LR e Tk

2000~2020 4, KA TR I T F AR 5 ot B AR 2R
R34 BME | 2000 4E ) 0.64 %42 2010 4E (] 0.62,
JELE 2020 FEHE— DS 051,65 5% 4 0.02 Fl
0.11. TR N KA ,2000~2010 4E, Kb, FRUH L
VR T ) 2R B T R AR B A TR B T 4y 3 A
0.02. 0.02 F10.01.2010~2020 4, 4=4uk A 485 Joi G ik
AT B, He VD T T B R SR K, B IRIL 0.13 (3R 5).
NI 35 AR 55 o S (19 20 1) 3 AT RFALE 1T LU Y, A2 B8
RS T B 2 M o R AR R H 4
Y AE T2 NS5 2 TP 19 5 R 5% i, 9 BLAE KRR
PR R ST S R, = R X A X AR B R
B0 o ik 2, I Tl 3 T 5 e R e A FH e R
1SS S 165 A 1 N T ) R T o R e
I AN O B s TR A R, 3L b e o
DX 5l 3= 250 A0 T4 T A A L) AR PR 2 T G
DA AR AR A 7 o5 2 s, AN R T IR D s A5 K X I
A T3 R b 5 PR AT AR 6 4 AR T
S8 RIVE 1S AR N R ol NG AR ) e 7
BRI XA AR P T . BRI SR T AZ O
FE X B A 0 TR SR AL 1K, 3K S X3k - b Al T A
J5 v, % W 2 R A2 S R A S )™ H LU AR A BT — T I
Az B TR R 0 AT DA R B A O T 1 A B i A A
TP S AR T, A DT ORI R IR AR
B 5 A AR ARSI T AP T, X 5 =T
bR FH 2 TS R 2 A 8 R AH — 30

#5 KHREBEHHHSTTFHEEREHERENL
Table 5 Changes in the average habitat quality index of each
city in the Chang-Zhu-Tan Urban Agglomeration

2% T 2000 4 2010 4F 2020 4F
Kbl 0.61 0.59 0.46
PRy 0.67 0.65 0.58
R T 0.62 0.61 0.50

2000~2020 4, KA 7 BF LI AR FF B B R
SR G R BRI 32000 4 IR ER BN 10.45
12, 1,2010 4FH9 22 13.79 12 t,2020 FRIFF 2 10.67 12
t, AR SR T 3 AL Ak B AT 3
F,2000~2010 4=, K70 BRYH . W =17 1) T IR OR KR

A FTHETE BRS04 1.63 14.t.1.46 14t F10.26
12,1, 3439k 1.12 12 1 2010~2020 4, =11 3%
PRFF L) SR B A BRIE 2 5 1.26 14t 1.60 14
t fl 027 14 t, FHFIRIE 1.04 14 (R 6). 3,
2010~2020 4 IO FF T B 32 i AL S 801
R 7 26 R BRI 5 S, TR R, 2010 45 X I i B /K o
TE B n IR R R T 2020 AR IR KR
2 0 THT 56 0E 7 oA K ) - 38 A e S R 1 S i A
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Table 6 Soil retention in the Chang—Zhu-Tan Urban

Agglomeration(x10%t)
) i 2000 4F 2010 £ 2020 4F
Kb 3.91 5.54 428
PR 5.30 6.76 5.16
WA T 1.24 1.50 1.23

RT7T KHREBTRHSTESESRAEMSZEHTN
Table 7 Changes in the comprehensive ecosystem service
index of each City in the Chang-Zhu—Tan Urban

Agglomeration

2% 2000 4F 2010 4F 2020 4E
Kybn 0.49 0.49 0.46
BT 0.54 0.53 0.51
IR T 0.50 0.48 0.45

2000~2020 =, KR IR TR 256 S RS MR
SRR I FRSE T B 34(3K 7).2000 4, L2856
HB RS ACEEIME A 0.51,2010 45 FRE A 0.50,
2020 fEHE—D A 0.47,F%M8 7373k 0.01 F1 0.03.
R AT R, A S RGNS KA R A
S X A St g, T P S s S R A S X 3 U R A
2000~2010 4 KR =11 I AE S R GRS /KT B
e A /N e K BRI AN R 0.02;2010~2020 4F, 32K
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Fig.2 Spatial distribution of ecosystem services in the Chang-Zhu-Tan Urban Agglomeration from 2000 to 2020
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Table 8 Statistical of MSPA analysis results of the Chang-Zhu-Tan Urban Agglomeration from 2000 to 2020

A4 SO DX WX IRE X pa M FLBR B4 X

2000 T FH (km?) 7288.01 10009.74 878.50 700.90 962.07 273.25 1094.46
AT SRR (%) 34.30 47.11 4.13 3.30 4.53 1.29 5.15

5010 THI A (km?) 7559.11 9753.97 896.08 716.30 961.03 274.78 1161.99
AT SRR (%) 35.42 45.70 4.20 3.36 4.50 1.29 5.44

2020 T (km2) 7239.35 8884.02 944.50 773.95 876.88 266.82 1239.75
AT SRR (%) 35.78 43.90 4.67 3.83 433 1.32 6.13

2000~2010 T F (km2) 271.10 -255.77 17.58 15.40 -1.05 1.53 67.54
2010~2020 T (km2) -319.75 -869.95 48.42 57.65 -84.15 -7.96 77.75

2000~2020 T F (km?) -48.66 -1125.72 66.00 73.05 -85.20 -6.43 145.30

B3 2000~2020 4 KM TTHE MSPA SRS 7] 73 A
Fig.3 Spatial Distribution of MSPA Landscape Types in the Chang-Zhu-Tan Urban Agglomeration from 2000 to 2020

4 2000~2020 4F-KAR MBI TR A AR YEH 25 1) 53 A1
Fig.4 Spatial distribution of ecological sources in the Chang-Zhu—-Tan Urban Agglomeration from 2000 to 2020
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Fig.5 Spatial distribution of comprehensive resistance surface in the Chang-Zhu-Tan Urban Agglomeration from 2000 to 2020
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Fig.6  Spatial distribution of ecological corridors in the Chang-Zhu-Tan Urban Agglomeration from 2000 to 2020
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Fig.7 Spatial distribution of ecological pinch points and barrier points in the Chang-Zhu-Tan Urban Agglomeration from 2000 to 2020
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