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Evaluation of ecological vulnerability and differentiated driving mechanisms
under soil and water conservation function zoning of Poyang Lake Basin
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East China University of Technology, Nanchang 330013, China; 3.Jiangxi Key Laboratory of Watershed
Soil and Water Conservation, Jiangxi Academy of Water Science and Engineering, Nanchang 330029, China)

Abstract: [Objective] A comparative study is conducted on the spatiotemporal evolution of ecological
vulnerability and differences in its driving factors among different soil and water conservation functional zones
within the same watershed, thereby providing a scientific reference for watershed ecological restoration according
to zone-specific conditions. [ Methods] Based on the Sensitivity-Resilience-Pressure (SRP) model, an ecological

vulnerability assessment system was constructed to evaluate the ecological vulnerability of different soil and water
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conservation zones in the Poyang Lake watershed from 2005 to 2023. The vulnerability levels were classified using
net primary productivity data of vegetation. The optimal-parameter geodetector was used to identify the driving
mechanisms of ecological vulnerability in different soil and water conservation zones. [ Results] (1) The human
settlement improvement zone and ecological conservation and restoration zone were mainly characterized by slight
and mild vulnerability, with the combined area exceeding 70% ; high vulnerability was mainly distributed in the
ecological engineering governance zone, with an area proportion greater than 20%. (2) The changes in the area of
ecological vulnerability in the four zones were significantly different. The area of severe ecological vulnerability in
the farmland and wetland water regulation zone increased by 13.9% , indicating significant ecological degradation;
the ecological engineering governance zone followed, with the area of low vulnerability increasing by 12.9%,
indicating a mitigation of vulnerability; the human settlement improvement zone ranked third, with the area of
slight vulnerability increasing by 23.4% , but the area of severe vulnerability also increased by 3.4% , showing a
polarization of ecological conditions; the ecological conservation and restoration zone had changes in the area of
each vulnerability level less than 10%, indicating a stable ecosystem structure. (3) The dominant factors of
ecological vulnerability in the four zones were different: the human settlement improvement zone was mainly
regulated by climate, vegetation, and human factors; the farmland and wetland water regulation zone was jointly
affected by land use patterns and vegetation factors; the ecological conservation and restoration zone was
dominated by climate, soil erosion intensity, and vegetation factors; the ecological engineering governance zone
was influenced by topography, soil erosion intensity, and vegetation factors in a coordinated manner.
[ Conclusion] The spatiotemporal patterns and evolution trends of ecological vulnerability in different soil and
water conservation functional zones in the Poyang l.ake watershed are significantly different, and the driving
factors show obvious regional characteristics. Among them, vegetation factors are the common key factors
affecting the ecological vulnerability of each zone. Ecological restoration in the watershed should implement
differentiated governance strategies based on the characteristics of each zone.

Keywords: ecological vulnerability; Poyang L.ake Basin; soil and water conservation zone; SRP model; optimal-

parameter geodetector

TE A BRI AS R (N H 3 K 5 BT I B2 TT 4 69
SN KRR OR O S R R A 2 2 4 i O T
PRI, 5 B A A 25 M 55 e ) A £ R 5 5 B 2% 1
Jot S0 G 55 B A A A AR R G N B S B A
B IMAER R K LR AR SR AL BB AT
7 ) 24 A SRR T R R R R, R
Bl K U 2R DX A G 58 P 4 9 R A RS WL AL R X
TR AR R S B 2 BA A IS E S

Eﬁﬁﬂ‘é?bmﬁéﬁ*\ﬂf‘%ﬁﬁﬁﬁjﬁﬁﬂu%%z
Ko B-REEEMS ARG SRV R, B4
*Hﬁﬁ% PEZE 5 VI A2 £ g AL *ﬁiiﬁﬁl‘?aﬁﬁi
Fm AR 55 1 23 TR R | AR K 3 2% X 4 Y B R
F14 A= 725 Mg 555 P R 2 9 A R gt % UL -PLUS A
BT A T -4 K - D RE R R - A - R g R
SE SEBR b K i Ok B R AR 28 R G s e B A
25 ) S BT PERRAE X BT 2 T AN TR 7K 4 O 45 2
AE DX =2 [1] JfE 55 7 14 22 S e K?F'J?l—ﬁﬁi 28 eI
S RS B AT AL S AL B AT 2 X AT LA,

E‘J—:"T’Riﬂ‘l—]—(JlLb’jZV‘]Z:IE]7ki%?d‘[_‘E/Jﬂfzgg Pk 22

K I 9T 22 TR e I ) P AR S 8 AR A S
14:4ﬁ$|5]§}|:i7§ﬂfﬁ55‘$4ﬁﬁ S B Y AR AR S I
BRI RE A BB E TRIEMERAES % R
M7, 7K = it 2 58 3 ELA I ) A8 S MR RRAE D, X ISR 5 ik
= A A5 e 55 PR S0 T A S A S R T HE A DE A 2R
SHRGHRBER NS 2. % =R
[ i D i S 7 I N o 5l M =y R B R L)
BLIEY X FERIF ST 22 SR FH SR PR 14 ol o B A 2 — PR 7
55 A 25 W 55 1 =z R] ) PR R ER &R A 22 Y 3[R R
ME T FE L e mE . (HAESKSEZREZH T
e [R]1E H  g R0 e = 2 73K 8 ) 22 AR AR
G, M DA VR B 4 U AR 2 AR G G s M ) B S AL L i 2
B A RN A B 23 3E B o

E< 5118 N = e R 1= NP R e € 2 - e 161 N
(8 5 BT L AN TR 7K A7 XA 285 e 55 1 2 1) 45 A 4%
Jay e FoB AL ML IS IS AR TR] 4 157 ¢ T K LR 5
X A= 25 e 55 1 B 5 78 B8 A 1k B A R 3



5 6 3]

SRR A A - 0 PRI A S K B GRS D RE 20 DX B9 A2 25 e 55 PR T 5 22 S AL TR B HL B 453

B XA TR 7K A PR 457 XA 25 e 55 1 B 25 40 A A Ry | T
AR R AR e HE 32 5 BK By R #E A7 0 L B 9 AE X S
PRt 48 78 3 3 P A ) 7K O R 43 DX AR 2 G 55 7k
2% 1 AR R S K Bl R ER o e LA, A O R
fiff R 1) A 27 ] L

MR 4 K A DR XRS5 ) 6 BE I O R
BRI Ry Z2 A K A i O 5 B A% S 1 43 X, SR T K i
KRN ER, =15 2T bR, R A BT R L&
B — PR R BT VR S5 L TE AN [R] 43 X B o iR B A
AR I T s AR S R ) . BT AR
LA 6B BRI 3t AN [6) K A AR 45 D B 43 X WF 58X 4
K H UM - WK 52T - R J) B (sensitivity-resilience-
pressure, SRP) 8 5 32 il 43 43 B 5 & 4k 2005—
2023 4F A ) 7K = O 15 D BB 23 X9 AR 25 g 58 1k 5 2% 0
| 4% ] % SL PR KRG8 ARSI A NPP B ) 2k 36
e 55 1 45 9 5 I T SR A 2 B0k BRI A5 18 45 4
I3 X OCHEBK B A 1 o WFFE S SR XS T 22 S A IR HL 4 X
0 17 < A P P = s D e e e 2 S T
BB E R EAHEEMIE SRR L

1 Mr5Jiik

1.1 FREHER

%/ BH 91 3 B AL T 247297 14" —30°0443"N, 113°
34718"—118°28"56"E, LA 1L iy Al b 5 Hu JE o0 =, iy 34
DU A e DI TR S 7R ) S A Y K M R K
T VRIS s o IO N BN =2 S U B 5 2 SR LSS =
FHO BN K LA SR o AR AE h E K R R R
R =G0 OB H R4y Ry 74 =44y XY AR PE A4
X EFAZRE, B0 N EAEREAXC]T
KO R HEEMEKX DX ASRFEEBEZX
XD AESTEBHX VXML K 477 X (E
Do NJEAEE4 T X LK S =2k 2k 32, 7K 3 K 1
A 3 539.8 ks 3% 43 DX H AT QTR 49 AN 28 JE A1 X
B AR S PR BE T A L 8 A AR Ty RE AL A 4R TH IR B Y
JEAE . A HE H B K X DL R ik 3 K R R
1 LA 1 860.1 km?; oAz 25 Ty BB LA K T 4 9 5 4 H
B4 A%t il A S E AR T L A Ty AR
REBE X LIK IR F KRR 4 624.2
km?; J2 DL 5 vA B KRR IR 5K R R R0 1
KERFFRIINREX . S TR H X LK R
F, K i 2k AR 15 086.2 km?; 1% 4y X 55 5 4
F AR S AES W IF R R e EUK £k
B3 36 B4 T X X 38
1.2 HERIFESLE

A 5T P B ) B0 A R T o R e LR B

P BT R R R A S 8 U O A B B e
R BB PR UL FR 1. v [ 2 ) - R
JH 32 % W 0 AR 4R 30 m 43 BE 3 4 b R A O T
O Z FEVESR B0 AR B B AL S LR RS
B A 5 2 K i A S SOR T A 2 g
GALAS BNz SR AR B AR R K R AR 4 ; A RO
B F) R BIRE 55 RN A — R A Bl AE RO L A
FHME S 153 4% 300 3z 55 4 B 45 B2 A 4 B 55 % 5 2023
4E GDP % ¥ 2 % VT 16 4 2024 4F 48 3 4F % (https://
www.jiangxi.gov.cn/) i i 5 HL 5 4 {E VR 97 (1 S
FEF v AR R AR A T AR e R 25 A B kb Y R AR
JE o BRI 2009 4R 5 T Uk Ax [ - i A v R R B R
SRR B AR AR 1: 100 07 b X 4 8 s B %
7 B b X B R A8 GE O 2 TS AR BB R L OF
i o1& I 38 A B K 7 B2 (revised universal soil
loss equation, RUSLE) 18 + 4= il 5 i .

0
‘ BB
v )\ EERR
& ) o BZURMEH
P = K AR X
'Y N LAEFSRAKR
0% FA 3 M 3K [X
. = \ ILASREEEX
s » ‘ VS TERER

0 50 100 km
IS E—

E1 #MRXERE

Fig. 1 Study area overview map
1 T O 46 AR LR VR A A A 2R e, R
B DT v A 1, SR T B 22 125 X I 8 A R AT A o A
b B TR A D B8 — bR AR, DL DR T f 45 2R AT
o AR A XD, FE AR A K2

— X{'_Xmm
1E [a] $8 A5 :ZI; - Xm:x X (1)
— Xmaxixf'
ﬁfﬂ*‘é‘ﬁ‘:Z,-,zm (2)

A Z N8R iR AR AR AL AE 5 X, 28 445 A A i
U AEL 5 X 95 A48 B B B R AL 5 X 9255 0 D4 B
1) f5z /M



454 P S S0 % 33 %
F=1 TEHEERIE
Table 1 Main data sources
RL 2% eV UE R S R 2 B L
AR o MR B (ONLUCE) ) TOPP R BETIR AL S
(https://www.resdc.cn/)
- SN H_“ I ‘/\ \‘//I‘:# 3~ N
AR o SRR (V1. 1) PIBCHON T4 D LR A
(http://www.nedc.ac.cn)
Sy o e 2 AL N P
SR T KK R 4 1 L TR S
ttps://data.tpdc.ac.cn)
HEBREAIE  RFIR SRS I
(http://www.gscloud.cn)
5 LandScan
. o LandScan tHEA L SR (https://landscan.ornl.gov/)
(s U SR SRR
T s TR IR L
GDP & E A R (https://www.resdc.cn/)
rh [ A — el 48 2 (ND VD Bl 4 FE] 577 90 v SRR R hob T B
B B YA 5 BB (FVC) (https://data.tpdc.ac.cn)

MOD17A3 HGF 45k NPP #5424

Google Earth Engine( GEE) #4& F &5

(https://www.opengee.org/)

1.3 MERFAE

1.3.1 AXRBUIFMIEIRKZME FBIEDEH
T8 T B0, 2L 2 () B R AE X BN AR W 5 A SRP AR
AR A i BRI 45 B U B AR SOV
B BRI AR P S R s AT AR P R 14
P g — i AR S M S PN FE PR IR R, nER 2 T .

A A U S A 2 R G A2 AN AT RS A e
(Y R 1R R bR = S BE G A o N s Y T NS B 8
F A N, PR R R R AR AR RE
K AR ARl s B 6 A5 S A A U

EBIE N REESREZ IR TG, 4
A g mae ™. ESWRE SR Igs
RIRRREE UMY 2 & R UG 5 —1k
FH #¢ $5 %0 (normalized difference vegetation index,
NDVD [ e 1 #F 5% X A 4 A= KOIR B0 , 48 9% 7 55 38 I
WA B O3 A 1 DL A R G R I R AR R RS
B A2 7 D3 K BRI, 3 OO Z A e 5 B R
JE VA — b A Bl e KR R BB 55 R R B G A
3 S FEAR A IR T .

AR ) B SRR AR AR R G A T A i i R
JEP S A A R 7 RO R NG Bl 6 BH W R
WG SRR B b5k, s T A A R T B AR 5
WA F % B GDP % 5 LA K i 1 BR84S 48 A, PP Al
N B A G K i 2 o0 AR S R B2
1.3.2 =M ERS S KNIHRTEIRE 2 ELL M,
i A S 55 TR 0 OO, AR BIF TR B A )
Gy BT T IR o X A AR Ak B IS B PEAN R AR AT S
] 32 18053 43 B, B 3 BT BTER A KT 90 %0 BT 64~
I (TR < I =S e S5 i 7 ol = 2 SN 5 o 4

(ecological vulnerability index, EVD . A UTF .
Lv=aY +aY,+aY,+aY,+aY;+aY, (3)
P Ty, A S 55 T8 B s av—as W 1—6 1
B B BTHR A Y — Y B8 1—6 > F o7 .
1.3.3 A&SRBREFEXN S NWERRZDKLARE
DX AR 25 e 55 1k AR Ak, 0 2R 2 e 59 1 4 B AT bR E AL
A3 AKIE

EVI,— EVI .

I*f’z': 4
ST BV — EVL, *

A e Lopyr, B (A S WG S YRR AL (B EVI R 56
S S IR EUE S EVL 0 R 5 AR A A ME 55 1R
18 B 9 e RAE s EVIL 0 05 0 48 42 25 e 55 1 45 4K
B H Fe /IME

TE 258 BUAT A 25 e 58 1 55 2 R 73 5 vk i 2R Ak -
R SR 22 AN K A DR AR XA 2 58 1 1 3 B AR Gk AR E
55 A w1 2 A 7= 71 (net primary productivity, NPP)
(830 43 A5 A WG 59 1R A5 4 D BORE e 5 B BE R 5 Lo
JIE 6 5555 R M s A R s
1.3.4 X3RN 1A 5% RS AR I RE A2
0 e R b DS i e TSR 2 O DN E N
B9 g5 1 o A g R A R R R B e
2005—2023 4F 45/~ 7K e P45 43 IXCAE 25 Mg 55 1 4 90
Bulig ol , A XAF

Sn 51;;

S,= (5)

S”] S””
A S, 0 0 SR 25 e 55 P e 8 Dy j PR S e e P Y
TR 5 o A [R) 25 2 A 285 G 5 1k ) B0k 54, o0l b
P il B A 25 e 55 P S5 4



SRR A A B P U K R AR A D RE 3 DX B 2R A e 55 PR AT A 5 22 S AL DR Sl AL 455

®2 BWMEASREESRESEEINERER

Table 2 Ecological vulnerability evaluation index system for Poyang Lake Basin
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Fig. 5 Ecological vulnerability transitions across different soil and water conservation zones (2005—2023)
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Fig. 7 Single-factor detection results for different soil and water conservation zones (2005—2023)
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Fig. 8 Maximum interaction factor detection results for different soil and water conservation zones (2005—2023)
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Fig. 9 q-values of influencing factors for each soil and water conservation zone, 2005-2023
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