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Temporal and Spatial Evolution and Prediction of Ecological Vulnerability in
Songhua River Basin Based on AHP-SPCA Entropy Weight Model

Wang Yue', Liu Jiafu'*, Zhou Linpeng', Ren Chunying®, Zhang Bai®
(1.College of Tourism and Geographical Science s Jilin Normal University,» Siping s Jilin 136000, China ;
2.Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun, Jilin 130012, China)

Abstract: [ Objective] The dynamic changes and development of ecological vulnerability in the Songhua River
basin were scientifically evaluated in order to provide a scientific basis for ecological protection and restoration in
the area. [ Methods] An index system was constructed from the perspectives of nature and humanity using
the AHP-SPCA entropy model and a geo-information spectrum to dynamically evaluate and analyze the
spatio-temporal evolution of ecological vulnerability of the study area from 2005 to 2020, The ecological
status of the study area in 2025 was simulated and predicted by combining the analysis results with the
CA-Markov model. [Results] @ Ecological vulnerability of the study area gradually decreased from east to
west during 2005-—2015, but in 2020, ecological vulnerability increased in the west. During the study period,

the average ecological vulnerability was 3.006 8, which was in the moderately vulnerable state. @ The
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micro-potential, micro-mild, mild-moderate, moderate-mild spectrum types were the most prominent during

the study period. @ The kappa coefficient of the predicted value in 2020 was 0.81, indicating that the

CA-Markov model was suitable for simulation prediction. The comprehensive index was predicted to be 3.265 9

in 2025, and the overall ecological vulnerability was rising. [ Conclusion] The ecological vulnerability of the

Songhua River basin has been rising over time, and the basin is facing the risk of ecological deterioration. It

will be necessary to strengthen efforts to protect and manage the ecological environment.

Keywords: AHP-SPCA entropy model; CA-Markov model; geo-information spectrum; ecological vulerability;

Songhua River basin

B 25 N I35 Btk — 20 i) Kot 25 2 s ek & e
S ERA S IREE IR H 25 28 6 A AT AR 3 7 A T
M, 7B SR AN S RN B AT B 2551
AR A DG TR R AT RS R R A ST A% O 0] B 2
— . S AR I AL A A K A S e
S5 MERFIEAE 09T = L K Ty e kAR S SO R OF
Vo M 55 M L P R A XU U 4 A R AE B 1 O gk
T A S 5 ) B A I B HL AR Ak R A
] Ry A 25 W B2 T BRI B R A B 4t o B Y ) 2 SR
B P A1 35 TR [ 7 32 6 AR TR) X8R 4 A 2 s 55
JETFF T A I 5T L 0T 51X 38 5 B 36 AT B X R e
TR 1l M g R AT (R X AR b X AR 3 3
ORI FE 5 /0 s A S WG 59 ME DRI 5 i A 2 L W LA R
DA a VT SN =B 17 RN B % P SR ]
BOREED . BV L AA A SRR, )2 W o
BT 12 3% 5 LKL REL B2 W) 5 22 0 B ik A B0 A R B
TRR K HACE 2280/, 348, Bl 2 28 25 e 55 P A
TR AH S 5 B9 AR TR A L X5F g A T4 O 32 FR B — T ik
A e S W A A 1 o810 e 3 i1 = N
HBHEEET R AP SR AGE I 45 A A1
X 86 5k 1 4 B I T T 4 R BN 8] A4 1AL L Bk
Z X673 () BUHE 9 A2 43 AT 5 T 25 [ 32 B 430 BT B L0
b 25 ) B 17 i S 3] g A )0, DR L AR S
1H5 % B A BFIE LA S 77 DR 2 0k o W ik 5 25 ) 32 4y
AR AS A1 CAHP-SPCA) L X A 25 e 55 M ik 47
WA SEELZ ik S B kb . SR AR S AL I
B A BF 5T 2 48 A A5 5 1k A R 235 S ) v AR LA
SO R 2 A Bt A S 5 R O K R ) A 4B
T 45 /b, CA-Markov #5#Y B B 732 i i 4 Hb Fl
FH A AL 4 000 v, AFL B 2 At 950354 1 B T
Ly iEy & S
AT IR A SR SR 58 2 b B R A k. AR
ok, NJead BE SR 4 & R RN R AR B S 3UE
BRG AR E KI5 BB K £ R KRS S
T) SRR o A B G X 38 B3R B B4 L BF 9 AR X 3
M SR BE AT R R R L, BTk, Al

PAAEAT I B B 51X, ) FH b 27 45 2 1 33 ) S8 4
AEDS 225 TE Y 2005, 2010, 2015 F1 2020 4 4 W44
AE VT it 3 A4 25 6 55 12 4 78 HE I s AR A R 5 O 45
& CA-Markov #5 , XF 2025 4FFAFE VT A 25 5 55
P T AT ASEAEL 00 S DA T ST B3 IX A= 2 G 55 AR 0 7 AR
AR WD U SR A 5T DX 1 A S O R B i BRI
BhEARAE

1 BFSEDXHE O B Bk i

1.1 WHRE#HR

FARE YL Wt B A2 T b B AR L L, 6 TR &
119°52'—132°31",Jb4h 41°42"—51°38", B vh [ 51
VLI Z — . WA [, 298 5.57 X10° km®,
b N R N NS 8 D DN S U R 1 P )
8 25 DML . AR AN T B R ) 2R G T e R, =
1] LARE LU PRS2 0T T8 v] 1) 73O =B, I del el Ak i e 2
WA DU 2 55 4 B T AR A B B R, AR 3 R K
HAIL 500 mm ., B [ K UL E S @K IE L
BT 2R IE . N K IR & A E R
EALIN R
1.2 HERERAE

WFFE e £ B AL P (M R4 R 2
ZEBHE Ay 2005,2010,2015 1 2020 4 3L 4

(1) KL R L B A H R FH A% 2 i
Bk R i B B2 e IR A B B 5 8 e A
ArcGIS 10.2 B v i) #8 B 42 B )7 12615 31 0F 58 X

(2) DEM 3k Ji T Hb 2 =5 (8] #5095 = Chetp: /
www.gscloud.cn/) [ 30 m 43 HE 38 1) 507 5 B EHE
B A IR B AR T ArceGIS 10.2 8442 B

(3) Ho W2 M B a2 76 1 Hb ) A A 5 4 3
fili_ LM FH Fragstas 4.2 FAFHE1T 206 M 18 £ 1

(4) ¥hox 2 55 8 AT 9o Jp A, 40k 08 T (5
M GEATHAE LT T8 G ORIV A i 4F
YN S H IR X G834 %) (2005, 2010, 2015 F



214 7K R E

%43

2020 A7) s M S AR 46 B 35 (IDWO Xt A 2% 22 ¢
AR fr s A, MR SRR M S B A
B E A S A -8 AR
Krasovsky 1940 Albers 2 fr R 5,

2 Wik

STTRUR N VIR /A A R I 85 Wa Bro e 2 (| A/ B TS B ]
B A A G 55 P TE A 4 A 1 R 2 A M ik (AHP) |
25 (] 3 543 43 BT 1 (SPCA) FLER: /N VA5 840 % 48
s AT AT T A R A VT O Sk 2 2 G 5 v LR
Moo oA A S e S Mk B 2 — 25 A BT A AR T
A5 M8 55 M B i A5 R AE L A B3R RS L A A CA-Markov
R X A AE VT S 2025 4F A= 25 e 55 1k E 47 50
2.1 ¥ ERMESIRENLE
2.1.1 FeARtk A M 255 M OCHE O R OF
O3 2 B KR P AR | B L A S M A S R AR
BRSNS R ST 3 A 2 B A A 25 6 59 M AT
WrHEAR IR R (GE 1. Hh I R &2 ik &
W g5 PR SEml A5 0 s R MR XA S B
(48 R AR s #h 2 1 3Rom N80 shi T3 i . 78
1 T S = LA LS| 5 L N Y ) e I B
E SRR 3 A5 br .

x1 REIRSESRSBETNERER
Table 1 Evaluation index system of ecological vulnerability in

Songhua River basin

SR iy iR i
o iE
WHHTF B i
oI AR iE
A A5 U
WERHEF SWEHME il
AF Ky i il
R AERE K B ik
ERWE T R 3 e A il
UNEE:; S iE
A GDP 1E
N H A 18 #s 1w AR iE
EREIE HSET ERXKEH 1E
ARARA M A 7 B iE
FER 2 4R iE
BE Bt R A3 %X iE

2.1.2 FRMaARARCEAL Rk — b P AR AR A
WS L AR T8 BR OE A 6 1 52 B A b v 1R Ak
PRI [ HE AR AL R L B R L B R AR L AE R K
i A GDP B A R R X A N A

% T R L AR AR Y A R A G 2 A B L R B IR A
b R B e o N T B 2 A s ) RS
R 7 8 b (R gy A 2 M 55 M 0 K5 B 1) 4
LG S M AR AR SR A — IR R B E B R R
TRk A A R R 2R K SO R R, I —
TR e Bt =, A S Rl e ™,
22 ABHEBUESFAIEMEER

TE 2 7% 7 & SCHR RN 2% 58 T 19 46 A AR ) S5 Atk L
K 25 6] F 4 4 M ik (SPCA) FZE R 4 Br ik
(AHP) 43 531538 3 % 0 A, A S/ M {5
T 5 25 B FE AR A

(1) AHP J&—F i 0 20 PE 0 ik 4%
Fpoe 253 R 242 0k, 38 3 %48 BR 2 0 R T L
) i 30 U I DA B — BSOME AR 56 B 45 A B 3
G

(2) SPCA J&7£ £ L4 40 Hr i Stk 1 ole A2 R A
£SO D R T N I T N A
e LA AW 25 G 8 b AR SCRT L AreGIS P K&
Matlab AR CAX D — )1, BHEAKX N .

A=a B si/arfs v a,pB, (1

e B EBFRIEAE : B Ry 3 A5 19 1E 38 L E

A i,

H,:Lil/lfk (G=1,2,3m) (2)
X H, BE ) AEBHARTTZE; A28 e A
YR E 5 ERERIEAE s m R 3 4 B (AR 5%
m=4),
sz:H]-/éH] (G=1.2.314) (3)
AWy, B TR AR B E BB e &0 B R
X 2005—2020 A= 725 e 55 M PR A B R B
(3) B/NHXEER, 18 A&/ E B 1S
WAk G BAL E RN R,
W, W,
A 4
S W, W,
AW oWy, 051 FF AHP Fit SPCA 315511 4%
AR E AL G IR E N W,
(D EEMFPEIREE. FIH ArcGIS H 45 11
BaTAE FE AN
EVI= ':ilm,.w,) G=1. 2-m) (5
ﬁEF';EVI%JéE?SHfEEEﬁ?E%&; K, NI8brbr b 45
By W, N&FEFRAE ; EVI (8RR A0 55 7 #
s 2 A SRR E
23 EHEESEEZRESIEH
2 W8 [ N AMIE 5T 80 R B W A VT e A S

W, =



5% 2 3

FERAF AT AHP-SPCA 1 AURE A [0 A% 26 11 Ut 3024 285 1 53 1 I 25 36 4% B 00 215

S5 PEFE RN 4x Ry 5 G VB AR WG 55 L R MG 55 LR R G
55 bR e 9 L T R S5, SR SR 1) W 3k a5 B IR] A5 4
(L () I MH R B 4y F ™ (R 2) . B S IE
FMELE AT ECCEVSD , H B X R [8] 4F 4y 28 25 6 59
L = e o = R/ Wy S I

A (6)
S

X EVSE A S5 Pt 2r a 18 8 Py ol e s v 4
Gos A RS A FERAIMAR R 0 NEREEG S

AR

EVSI=XP.
i=1

®2 MLRBESRSEESRIFE

Table 2 Classification criteria for ecological vulnerability of Songhua River basin
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Fig.1 Results of ecological vulnerability assessment in Songhua River basin from 2005 to 2020
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Table 3 Grid number and proportion of ecologically fragile areas in Songhua River basin from 2000 to 2020
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Fig.2 Rising and falling trend map of ecological vulnerability from 2005 to 2020 in Songhua River basin
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from 2005 to 2020 in Songhua River basin
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