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A study on eco-environmental dynamics, causes, and zoning over Liaohe

River basin based on remote sensing ecological index (RSEI)

Luo Qing, Zhang Jing, Bao Yajing, Li Zhenghai, Xu Yinlong

(College of Environment and Resources s Dalian Minzu University, Dalian, Liaoning 116600, China)

Abstract: [ Objective] The spatiotemporal dynamics and driving mechanisms of the eco-environment in the
Liaohe River basin were revealed, and an ecological management zoning framework was established, so as to
provide scientific support for regional ecological environment protection and sustainable development.
[ Methods ] Based on the Remote Sensing Ecological Index (RSEI) from 2000 to 2022, the spatiotemporal
dynamics in eco-environment quality from 2000 to 2022 were analyzed, and its key driving factors were
identified. Combined with the spatial distribution pattern, change trend and driving factors of RSEI, a multi-
dimensional ecological zoning framework was constructed, and the ecological management zoning of Liaoche
River Basin was completed. [Results] @ The eco-environment quality in the Liaohe River Basin improved
annually, with a spatial pattern of “poor in the middle, excellent in the east and west.” @ Precipitation was

the primary driving factor of RSEI spatial variation, followed by land use, temperature, elevation, and slope.
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@ Based on the zoning results, the entire basin can be divided into core ecological protection areas, ecological

optimization areas, ecological monitoring areas, ecological restoration areas, and key ecological management

areas. Core ecological protection areas are concentrated in the eastern basin, while key ecological management

areas are located in the central basin. [ Conclusion] From 2000 to 2022, the eco-environment quality of the

Liaohe River basin continuously improved, with precipitation and land use being primary driving factors. In

the future, prioritized conservation measures are needed to strengthen the protection of core ecological

protection areas and more resources should be allocated to key ecological management areas.

Keywords: ecological management zone; remote sensing ecological index; Geo-Detector; Liaohe River basin

LA T AU AR BE At R ARk
PR RS i T R ES R EZ
TR A WA TR S B MR A 2R
PER W S5 () 0 350 S ™ M A 2 R R
SRR RN RN X Sk LB S R GRS 5
0 1R o 5 L T A A T VA A A R o R LY
M) R 2 A BE Al 0 O R A A DX, R g A
A B DX, B A ok 3 BB B X AR S RG4S
PP AR A SE B, DS BR IX AT Rk

A I VTH 2 S R R A A X SR A
i 5 8 JE T b 2 A BT R 1 & R A S IR BRI O ik
HifseE ™, YaiRREASHEIEM H L FEN
FEWZ . OX T AL AN s #E A NDVI
B2 RS s @) 5 F 22 V5 B 6 B 0T 4R BUm ALY
VAR ikt . eI Br H ah AR vh i AR A — 1Y
NDVT #8475 o M DL 42 1 % 0 b Sz e 52 2% 19 A 35 30 B
ARBL 5 1 )5 & i FHE AR R IR 2 Can A= 4 3 B L - iR
b B 25 55D o DA R AR 5 1A HE A 25 U0 1
H I Ar b X RS ARAL . TR BRI A
SHEE RSEL Niis Az, i H MG T4
TRE AR 4 A8 B AR AR L 5l o 3 R 4
TR A bR LR AL, B8 B TN A AN R X 4 AR
FHE L 5 s AL BE X X 8 A 2 B8 o Rk A A
25 3 AT 30 AT DA A S 2 8 AR ) i AT AR LS T
A P2 I 2 B L B S 1 B2 - A | AR |2 2
ok RSEI E 7% i I FH 21 A= 2545 P43 X v L nl LA 348
SAESRENGEY RE B L EE, G, T
SELUUKE RSET 5 FAT 6 28 48 BB R A 25 & AR 41 0
B RE A PR B DT 4 R T S W R ool =
FAEBDRX . HwEES" R RSELAE Rt H i
XA A e b 25 6 B B AR T X R . 4R
M BUATAF 5% 5 ik 2200 T A= 25 B85 i) 2 36 A8 AR AiF AR
SR Bl R F- 6 43 DX B B B S PR AR AT Ly X
T R R P L X DA 4 TR R R RUBEE T X3 ) 45 [
S S5 RIS ) AR S

IR E AR X EEARRAS, 2R

AU 2 Tl b 0 R AR b ) B A R 4y, L L
P R A T AR A ME 5 X . PRI IR B A
BABEX g B ZREHERVE S R G R E AR U X
MW F ] Re s R A EEE L, A
2000 AE IR N E PR T — RAVER TR, g
TR0 V0 Hb TR AR 2S48 B 0 B A S X BT
Hl TR ARFEF R ISR T RRENZ
H 2, A I E AR S RGBT E R
BB AR SR S AR ) A I P K e
KRB 4 A4 75 2 DF o B SR T R B 0 L AR S R B 1Y)
AR T ) N OGS 3K B R DR AN 32 43, Tk
EBRGN o XS R A B

e A 5T R FHRB A S BE N R L T R RN PR
A A FEFR 0 8 A SR BC(RSED WFM K &, B 15 .
@43 Hr 2000—2022 4 1L 0] YL 3 Az 28 P15 o £ 43 A1 A%
Jry B a5 A8 A H . @R RSET 28 Ak 1) 5C f 8K 3 A
¥ O%5E RSET 1Y 4311 4% Jry 728 Ak e # R 8K 3y A 5
X3 R A X, Tl A ST LU A9 3 e
AT 2k R R TN 25 Ak 43 DX A8 PR AL ) 2 S FE N BUR
2%,

1 kST

1.1 WHHREKIE

T (117°00'—125°30" E,40°30"—45°10" N)
AT e [ AR A 1 XY R L R TR L RN S
PRI T8, A, MR R ALY 2.19X10° km?,
SN R N 57 A P s ST i e N U RS U
figt AEFE K F 29 M 350~1 000 mm, K1) 65 % 4
T RAER A—9 H AR AR 4~9 °CLT AR RR
TR 20~30 °C,1 H B R F ¥R —10~—18 C,
T SRR A A RS AR VS A e A
Hb PR UL R 1
1.2 H#EkRIE

RSEI $8 #5 1 4% £ (NDVD) | 1 E (WET) | #4 i
(LSTO AT (NDBSD 4 >3 18 41 i, 43 %1 i MODIS-
MODI13Q1,MOD09A1, MOD09A1 Fl MODI1A2 #7 it



362 K R E

545 &

s S A BRI BE https: / ladsweb.
modaps.eosdis.nasa.gov, 23 H T 2000—2022 4F 3
Ih 23 a iy 5—9 AMAERFHIE . Al ILE 1.

& 1 ay v

COwmaRxa #:2 054
s fi%:-326
— KA

1 AT i i L
Fig.1 Topographic map of Liaohe River basin

FH RSEI B %= B0 IK 3 N R iE AR E
MARHAREFRE, Hi, AR R DEM, iR
JE REK N IR AR R AN B GDP AR ]
FTOLRIZCHE . DEM 2 H #1125 B HUE = (htps: /
www.gscloud.cn/) ; ¥R B FEK . 3 A T .GDP 3k H

PC, (f(NDVI,WET,NDBSI,LST)]
1—PC,(f(NDVI,WET,NDBSI,LST)]

RSEI, =

o £ A0 2 A 0 b NDVI I — b A 4 15 %%
WET R BEH5 40, LST S Hh 36 B . NDBSI b 2 51 Al
T g, PC1 WA —E MG, BT TIRELH a0
5% PR AR AR WD 46 RSEL #4709 — kAL 3L,

RSE[_ (RSEI, —RSEL ...) )
"~ (RSEI, ,..—RSEI, ...

P :RSEL i s RSEL 0 A H 5 4E 4y RSEL 1 fi /)N
H A B K AH s RSET by fie 2 14 38 8 A 46 48

1.3.2 RSEI AL 4E 41 R bk P s v
Fra R AR I i 8 RSET 22 fL FRAIE .

(D #E@sYErHr. R Theil-Sen median 3%, ¥
VL L Y N | 2 R D SR A R T R
T A R 2 S RO N RO, b s R R A
Mann-Kendall(MK) ¥ 5 , i 2 /K € A 0.05, R IE
B FG B AR PR S0 45 K RSET #9728 1k i 34l
G5 2R B E VR E R e AR VR
WOBAL A A .

(2) Wahthsmrdr. RHA S R E (coefficient of
variation, CV) 3 i B 12 Ji] i 5 RSET 2000—2022 4§
(R Bl e A 2 B I, 106 B e Bl AR R IR, SR
H AR W A58 B B R 4 28 a0 Dk N Bl B

R e R B 8Os 0 Chetp: / data. tpde. ac.
en) s N AHIE R H WorldPop & 7 it 5L N 0 %5 & 4
& (https: // www.worldpop.org/) ; % [81 kT Y654 5k A
DMSP/OLS A% 8] 4T %35 % (https: // ngde. noaa. gov/
eog/dmsp/dmsp. html) ; 32 i ¢ #& & H OpenStreet-
Map(https: / www.openstreetmap.org/) ,

R 1 HE RSEIEE 4 MEREIRE
Table 1 Four Index data of constructing RSEI Model

ity w20 W
NDVI MOD13Q1 250 16 L3
WET MODO09A1 500 8 L3
NDBSI MODO09A1 500 8 L3
LST MOD11A2 1 000 8 L3

1.3 WMRFE

1.3.1 #RASIHHK(RSEDME  LF JBE  HIE
A R DEAG A2 25 T 6 Y T SR A L BR S BT B
SR RN S L R 7/ A o A IS A O /e O S W UR N
FRRRNIN e g M =R TSR 7 NI I 0 0 s N E B )
L0, 13 [, 7 k47 3 43 43 0. I 431 13 90 th
RSEL "™, HR £k

(NDVI,WET>0)
(NDVI,WET<0)

(D

W Bl R s AR 3

(3) Frett /. KA Hurst $5 50, Hnl LUH U
T A A b A e k. ARl Hurst 48 8009 K/,
% RSEL 43 - 38 I R 22 M (0<<H <<0.35) ., 55 [ f5 42
P (0.35<TH<<0.5) . 89 FF L2 % (0.5<TH <<0.65) Fl 5
Btk (0.65<<H<1),
1.3.3 WM BAER SRS FEEBIEELN
FEARE 2 — b PRI R D)2 R 25 ] 4 S L DA
KA R S E R sh T i — L Ge 2205 ik T 2 T
L) B o 7 e o VTR 118 7 [ s o e s
U 2017 AR A T A4 AR SR . AR SRR
AT 53 5 BB R D0 AR RURS: X ER I, 3 5 B IR -4
DU T 4800 1 58 AN D X RSET &5 1] 43 5 (1) fif
B AN .

(3

AL 4 RSET SR8 H F B 43 )2 N, I N 435
HE R e XBRITE; of Fl 6 4 H2E h e X
# RSEIME W 7 255 q Fn B+ X7 RSET Y i B
BE B0, 1] 1A 8K, i R ) B R



2 B4 HE T RSETL BT i

B ST S A A R KBS

363

1.3.4 ATABRAZTHEIRERNEZS Bk,
AT I 25 A A L G 11 RSET 4670, ) FH b 23458 0 28 43
S B DR B0 i 3 1 2 AR S B I BER T 0.1 1Yy
9K 2 R, £ Bl KURS: X0 3K 3 B - X ) T
1~6 43, BRI -7 X ) XF B (% RSET Bk, 43 8 =5 5 B
Jei o MR AR AS TR 5K By 5] A % T B /N o i R ) B R
N (=N ' ER 7 N I L) N P = /1 o VT =

RSEIEHMAREREE R E. 446 2000—2022 41T

i RSEI (19 Theil-Sen Median # %, 3% s ¥ CV
AT RFe M Hurst $5 80, R4 10000 S5k 23 a [6] 14 48
FEARAE s Fe )5 L R AHP 2K 4 Hrik 5t RSET A9 45 1]
A3 A JRSEL & B M & J Al RSET A8 fb 45 AE U 47 AL
{8 B by 350 e 0 43 T 5 AR A LT I e AR S A B A X
i FEEWLE 2) .,

| ¥ B/ 5 15 $U(RSED) |

£ FE(NDVT) ]— S

%

¥ BE(WET) ]— ﬁ)ﬁ

&

[es!

#HE(LST) ]— &

A

T E(NDBSI) ]— -
| | H | RSEI % 41 | \
/—[ N C EmMEE Vil ancen ) ( moEoy ) (maEEme )
; EAETED EE M | (sen) (CV) (Hurst) :
5 aw ) (#x) ofBEEM ||l e BFEHH o ik o MR | |
IS o BATEEM [ 1|1 e e o BN o HRIFLE ||
i/_[ AHEE }—\ o g B AHEEE -2 - o BRWE o BmEFLIE !
BT KT 1 ) !
|\\\\ GDP j //I \\\ I

L AHPHRA. HEINALE M
J
T3 9 2 2 T ) X

E 2

TAREBESEESRIERBEINRER

Fig.2 Flow chart of establishing ecological management zoning framework in Liaohe River basin
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2 K T 2000 4 2010 4 2016 4 2022 4 2000—2022 4

q 8 Hey q {8 ey q 8 HEF q 8 HE¥ q M8 HE¥
W pE 0.204 4 0.066 7 0.154 4 0.110 5 0.133 5
| 0.019 8 0.029 8 0.001 11 0.003 11 0.013 9
=R 0.146 6 0.218 3 0.087 5 0.118 4 0.142 4
O 0.414 3 0.101 5 0.166 3 0.130 3 0.203 3
[ K 0.701 1 0.634 1 0.635 1 0.450 1 0.605 1
- A 0.579 2 0.464 2 0.569 2 0.413 2 0.506 2
UNEE-; s 0.005 12 0.004 10 0.004 9 0.027 8 0.010 10
GDP 0.014 10 0.160 4 0.007 8 0.033 7 0.054 7
BT S 0.180 5 0.068 0.007 7 0.044 6 0.075 6
R I R S 0.005 11 0.006 9 0.001 12 0.014 9 0.007 12
B 0.030 7 0.000 12 0.004 10 0.000 12 0.009 11
BT 0.015 9 0.001 11 0.045 6 0.011 10 0.018 8

25 B8 3y IR X[ 3 [N A RSET (R 5 ) X6
JO7 (14 {5 . A IR 5 O 2 R A B D R T 0.1
0 3R Bl DR AR A XU X R B 3 IX 4 3 4 SR L 4y
B4y W3 4. 78 B3Rk B P, RSET Bl % B /K 1
B REA  S REAEE Z A T . R
KAGEFR M B SR, KA AE SR 2. Mk,
RSET Bifi 5 Bl Ji 1) 1 I 36 K, 17 5 7 4% 0 22 30 4 o
AR S TH i B 34, L 600 ~ 900 m X [A] A= 250k i
2z,

R Hf AN ) 31K 2l B 14 A A8 ) B 1) BB SR A A S
IR 4) SR FH E AR 505 8 X0 o RS B 1K
B P B R A S 5 S T A R

WA 25.4%,18.5%,13.8%,20.6 % F1 11.7% .,
T E XA PP AR R R B BT AR VR T, X X i
P KIS B R 0 AR A R R T 5 TR GE
B DX R R U T S 1 T A R I L R A i A b
R KB /D - M A LB oA 32, AR A AR RS AR X A 25
25 TARBHAESEENRREP R

S55F RSEL 1Y 43 11 46 Jry o 28 4k ORI 7 M 3T
#r L K Z W 4 B i CAHP) 43 51 4 0.33,0.26,
0.41 AUFE , 22 il T 30T 3 38 1) A= 2548 B X R (R 8)
W o R R SR X RS X A
WX ESBEXMESESIRMEXAE S5 X, 4
3 DXCTE FRU B 481 B 43 A R AE G BT adk



366 IR A PR i %45 &
F 4 TR RSEI EEMHIFMIERS RABESNE
Table 4 Hierarchical assignment and weighting of RSEI suitability evaluation indicators in Liaohe River basin
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Fig.7 Appropriateness evaluation of RSEI in Liaohe River basin
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Fig.9 Changes in temperature, precipitation and their relationship with RSEI in Liaohe River basin

LRG R B KON 1L ] i B A 75 AR Y o e )
s PEAE R T il EE B e U B 22 5 e At Y Y
PRI AR BE . DRI R R B AR SR B AR D R T
WK A5 A il R e ) A M 55 X AR S SR A v G
VA DX T S I A 2 | 3 i I T TR B B T
A S FR G n P RIS E M L DA S B I A 2 IR R Y

PRI B9 28 30, A A2 fE B A%
My A 25 B0 85 o, 5 A 2 AR 8 I 45 R R ) RE A DA

SRPE ] 2000 AF DL SR A = b B AR TR
“IR BRI MR B AT E T bR b AR T AL T
WM 55 . 20002022 4F B M 55 1k 50 M bR b T
FUAR 51 12 187.7 F1 1 344.5 km? , #2585 T JR & 5@ 1T
S5 Ml P RE B SRR W RO T RO R O R AR
BRGREM. N RSEL LR E AR 4 #o F 2%
T AR S T e 4 A B T RO B AR T (B 10a) . DL
F B T 3 e A, R WA Ml 4R 24 Ak R RT R S A5
A AR A T B S 0 O AR RS L TR, bR b AR



368 K R E

545 &

20002022 4£ 1y “ {7 4 9% RSEI [ 2 LL 41 54 fm 1
2206  FRAR IR S5 6K S TR B4R e 8 7R HG R A 2
RGLIIRERY 3 TUBK . 1R M M A9 - 257 45 ¢ RSET
T AR B e 9820 T 1506, SR TSR Ak - il A9 A KR
g 7 8 F R (B 10b) . X SEAR AL R, 4 A ]
SER U0 A 35 S T AT e R R AR A R A

a X #RSEDSE T 4L

0.8 r — 20004 100 = = ] 100 rpm [ s W ey
0.7} —=— 20104 = e =
: —A— 2016%F 5 80— || 5 80f
0.6 | 20224 = =
go.S» g 60f g 60f ]
5 % %
% 04f & 40 H— — 2 40t | -
% 03 S | )
~ g 20 8 20
0.2} 8 I Q ||
0.1 o LN =

R U s N
& 5D
- H i 2
B 10

AR ) o 3 B D A X e B A TR
R . ook B A 25 A8 BT 235 22 00 1k 1 3t A1) ]
B A ) O T R A 3t 1) A 2548 520 g LA R b
B AL AT o [R]IRE 23545 A2 25 TR S0 v L ot A B
SR BT AN [ 7 DXOR MRS 7 P 1 S i — 2B R v
Ho A SR A S R G

b R 1 3RSEIF & @ 4R BT & tb 45

S g i

I
R %g&@?:’%\%%

RSEIEg B COrR [CO+ % Bl g=
1T AR R B 3t A A 2289 RSEL ¥ & A E % % RSEI &R K Bk 41

Fig.10 Mean RSEI and RSEI classes proportion of different land use types in Liaohe River basin

33 AXEBHEBR

I A S AR R AR S R
&S ) e B R A A, ARG DA S IR B IR R
MR 11 4 DR ) M DA 4 1T B e i 28 A8 Ak RR AR K I K
SNHLH I e PE . I AR BFSE A5 A RSEL (9 %5 8] 43
A7 A SRS BN A T i ] A ] O
Bl 2 Y R A A A DCONE B2, Sy VT I 0 R 4 Ak AR
AP T R R B . WA X R B TR M A
AL PR X 1 7 75 8 AE AR IR B0 5 AR
VT AR 3 R GRS A R D) RE Y P S X 3, B4 A B T A e
I R HR LAY 3, By 1k A 5 305 i X
ATIRE . RIS, RS Bk A AR i b, 38 5 AR
SRS GRIFE T 5 AR RS R A RS
PRI PO & IR U Ak as . i P A g AR AR T N
I B DX A 2 M 5 A R R, 3E R TE MY
(7 SR 32 DX s A 4 38 V0 1k FinA 9 R 46, RSET A
B E AR AR TR BT SR oA U, ik 28 DX N N F 1 4R
YR A K R BRSE A Ih B b 30 A A T b i
TR BV B E MRS R, D Y MRk B b
WA RGAEE . DL Ab 30 T A W ST Ah A R g
T A R R S it R B AL A L O AT 25 A AR TR .

JUS AR AR AL i X B 22 R BT Al 5 48 & R %
W A A A A B L (EL AR SR A B L B — 47 BB IX
() 36 B X LA R i ke 1 DX A A TR R, AT 4T
B 58 B AT B X 35K, S B0 90 38 19 8 — 7 B, S B8 Y
K5 ABRP Z MR T EIRAD R . @il

TE it R BE b A 57 P ) 96 BRI AR f51) 4 5 18 S B X
Sl A 259 BRI A MR U A A 2 B2y A O X BT Y
PRI = S HOR A

st

(1) L9 38 B A A 28 PR B ot it AR AR 4 i 3
ARG RS FA S, B 2000 4EAY 0.43 1 F-
2022 4F 1Y 0.58, A= 45 FR 58 85 22 1 vh 3 IX g b A BT
IR . Horp AR AN PR B o A Ok B 22 1Y) T AR
43 981 km’ , ALY B A1 ARG IN46 322 km”,

(2) FEGTI P RSET 25 [8] 43 5 4 56 5 0K 50 A
TRV AR T . & B R R E] /)N
WA BEK L A o R ] RS L B B, BRI
TAL S ) A AR IR B A I 3 AR 2R A L S [ Y
F S B4 5 e o AR A . VAT IR B AR S R
FLL 600~900 m NSt e FRESS L F, OFBE & 3 B
SRy NG =T

(3) Hi4iE RSEI 1y25 [A] 434 A2 AL REAE F0 3 F P TP
OGRS RGN e B 1 e SOy RIING 1l NG o 1
DR W X AR SRS XORAE ST SR EIX X S
2L AT Ry 25 X BCR B 22 S A0 A PR Tt R AR T TR S

2 2 ST Hf (References)
[1] Pan Zhenzhen, He Jianhua, Liu Dianfeng, et al. Predicting
the joint effects of future climate and land use change on

ecosystem health in the middle reaches of the Yangtze



5% 2

i

B4 HE T RSET (93 3] i 5 A

PR35 8 S A K IXBIE S

369

[2]

[3]

(4]

[6]

7]

(8]

[9]

(10]

River economic belt, China [J]. Applied Geography.
2020,124.102293.
Cheng Xian, Chen Liding, Sun Ranhao, et al. Land use
changes and socio-economic development strongly deteriorate
river ecosystem health in one of the largest basins in
China [ J]. Science of the Total Environment, 2018,616:
376-385.
Ren Yating. Zhang Feng. Li Jiapeng. et al. Ecosystem
health assessment based on AHP-DPSR model and im-
pacts of climate change and human disturbances: A case
study of Liaohe River basin in Jilin Province, China [J].
Ecological Indicators, 2022,142:109171.

Luo Zengliang, Zuo Qiting, Shao Quanxi. A new frame-
work for assessing river ecosystem health with consideration
of human service demand [J]. Science of the Total Envi-
ronment, 2018,640:442-453.

An Min, Xie Ping, He Weijun, et al. Spatiotemporal
change of ecologic environment quality and human inter-
action factors in Three Gorges ecologic economic corridor,
based on RSEI [J]. Ecological Indicators, 2022, 141:
109090.

oo, R R RAE 55 B TR R 2RI AES &
G 5 L T B BT O A AR LAy LT AR
2024,44(15) :6513-6526.
Ma Yuanbo, Zhai Tianlin, Bi Qingsheng, et al. Ecological
management zoning in the Yellow River basin based on
hierarchy of needs theory and ecosystem services supply
and demand [ J]. Acta Ecologica Sinica, 2024,44 (15):
6513-6526.
Jiang Luguang, Liu Ye, Wu Si, et al. Analyzing ecologi-
cal environment change and associated driving factors in
China based on NDVI time series data [ ]J]. Ecological
Indicators, 2021,129:107933.
Xu Yong. Dai Qiangyu. Lu Yungui. et al. Identification
of ecologically sensitive zones affected by climate change
and anthropogenic activities in Southwest China through
a NDVI-based spatial-temporal model [J]. Ecological
Indicators, 2024,158:111482.
R IS, S XSRS R O LE A RN
DL 4 PR T S ) [ ], 5 X % 98 5 R 85, 2011, 25
(6):13-17.
Shen Hongfei, Zhang Jun, Qiu Huizhen, et al. Integrated
evaluation of eco-environmental status in Qingyang City
[J]1. Journal of Arid Land Resources and Environment,
2011,25(6):13-17.

XSS B R A X0 NG 58 R 3 i R A 25 R 05 B e i
Lo Bk sl I3 53 LT 1K R 42 . 2023 ,43(4) 1 154161,
Liu Jin, Chen Tianwei, Liu Peng, et al. Monitoring

and analyzing driving forces of ecological environmental

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

quality in Taiyuan urban agglomeration [J]. Bulletin of
Soil and Water Conservation, 2023,43(4) :154-161.
TR A DI A A PR AR A 10 38 T M A8 2T, b [ B
iRl ,2013,33(5) :889-897.

Xu Hangiu. A remote sensing index for assessment of
regional ecological changes [J]. China Environmental
Science, 2013,33(5):889-897.

T B, R AF U, AL T RSET BERL i i A AR 8 5
BT AP [T ] B2 BRI H7 . 2024(8) : 38-41.

Yang Huilin, Zhang Cunbo, Zhao Qi. Remote sensing
evaluation of ecological environment in Chengdu City
based on RSEI model [J]. Scientific and Technological
Innovation, 2024(8) :38-41.

Flg BAER . F R LT RSEL S FAT KAL) #ff 1T
T 51 £ R R K U3 IR 18 52 5 A2 25 D) hg X AF 58 T . el
#,2024,41(6) :23-32.

Wang Min, Wang Jiaqi, Li Jun, et al. Ecological resto-
ration strategy and function zoning of rural area in
Qiandao Lake, Zhejiang Province from the perspective
of shoreline and water synergy based on RSEI and FAI
model [J]. Landscape Architecture Academic Journal,
2024,41(6) :23-32.

Xu Caiyao, Li Bowei, Kong Fanbin, et al. Spatial-
temporal variation, driving mechanism and management
zoning of ecological resilience based on RSEI in a coastal
metropolitan area [ J]. Ecological Indicators, 2024,
158:111447.

Liao Weihua. Temporal and spatial variations of eco-
environment in Association of Southeast Asian Nations
from 2000 to 2021 based on information granulation
[1]. Journal of Cleaner Production, 2022,373:133890.
Zhao Chunli, Wang Chenxing, Yan Yan, et al. Ecological
security patterns assessment of Liao River basin [J].
Sustainability, 2018,10(7) :2401.

Tian Haijing, Cao Chunxiang, Chen Wei, et al. Re-
sponse of vegetation activity dynamic to climatic change
and ecological restoration programs in Inner Mongolia
from 2000 to 2012 [J]. Ecological Engineering, 2015,
82:276-289.

Lu Fei, Hu Huifeng, Sun Wenjuan, et al. Effects of
national ecological restoration projects on carbon
sequestration in China from 2001 to 2010 [J]. Proceed-
ings of the National Academy of Sciences of the United
States of America, 2018,115(16):4039-4044.
AR Bk I T 3 AR A R B B el R )] A S
#2.,2013,33(24) :7853-7862.

Xu Hangiu. A remote sensing urban ecological index

and its application [J]. Acta Ecologica Sinica, 2013,33



370 K A DR I AR #4558
(24) :7853-7862. [27]  SRIF ALK AR 25 5 7K BR A5 IR I 28 28 AR REAIE F 52

[20] Gong Cheng, Lyu Feinan, Wang Yilei. Spatiotemporal (D165 . o E IR R B 55 BE » 2009.
change and drivers of ecosystem quality in the Loess Guo Fen. The Study on temporal and spatial variation
Plateau based on RSEI: A case study of Shanxi, China characters of water ecological and water environmental fac-
[J]. Ecological Indicators, 2023,155:111060. tors in Liao River basin [D]. Beijing: Chinese Research

[21] Li Ning, Wang Jiayao, Qin Fen, et al. The improve- Academy of Environmental Sciences.2009.
ment of ecological environment index model RSEI [J]. (28] FEF5.253CE  MRWF, 25.1990—2020 4F 3 ] 37t ok it 784
Arabian Journal of Geosciences, 2020,13(11) :403. A X AR SIS B B S A R SR s i) ] 3R R

(22] FEWAAE 5 T, A1 SCH L 45.2000— 2010 AF B ] 3T S 1 Bl ,2023,44(5) :2518-2527.

AT e AR A )] A= 52440, 2013,33(24) : 7798-7806. Wang Fang, Li Wenhui, Lin Yanmin, et al. Spatio-
Yuan Lihua, Jiang Weiguo, Shen Wenming, et al. The temporal pattern and driving force analysis of ecological
spatio-temporal variations of vegetation cover in the environmental quality in typical ecological areas of the
Yellow River basin from 2000 to 2010 [J]. Acta Yellow River basin from 1990 to 2020 [J]. Environ-
Ecologica Sinica, 2013,33(24):7798-7806. mental Science, 2023,44(5) :2518-2527.

[23] B, HBERIBIEAE , 2E.2000—2020 4F K 1135 BAH 4 [297 Bonan G B. Forests and climate change: Forcings,

NDVI shZs 284k K52 ma R &= R[] ). 3R 88 B 2%, 2022, feedbacks, and the climate benefits of forests [ ]].
43(7):3730-3740. Science, 2008,320(5882) :1444-1449,
Xu Yong, Zheng Zhiwei, Guo Zhendong. et al. Dynamic [30] Cao Dan, Zhang Jiahua, Xun Lan, et al. Spatiotemporal
variation in vegetation cover and its influencing factor variations of global terrestrial vegetation climate potential
detection in the Yangtze River basin from 2000 to 2020 productivity under climate change [J]. Science of the
[JJ. Environmental Science, 2022,43(7) :3730-3740. Total Environment, 2021,770:145320.

[24] EZ0 MR MBI A RS RE[J] ¥  [31] Liu Xiaoyang, Zhou Wei, Bai Zhongke. Vegetation
#,2017,72(1) :116-134. coverage change and stability in large open-pit coal
Wang Jinfeng, Xu Chengdong. Geodetector: Principle mine dumps in China during 1990—2015 [J]. Ecological
and prospective [J]. Acta Geographica Sinica, 2017,72 Engineering, 2016,95:447-451.

(1):116-134. [32] Wang B, Chen L, Li L, et al. Ecological response to

[25] JE&H&.RPW, AT, F AT S XYUMATHLT land use change: A case study from the Chaohu Lake
ﬁ*ﬁ?)"ﬂ ALAE B H8 B Bsf 2 AR AR [T . 0 FH A= A 3 basin, China [ ]J]. Bulgarian Chemical Communica-
2023,34(12) :3271-3278. tions, 2017,49:200-206
Tang Jizhe, Xu Mengran, Mo Yu, et al. Spatial and [33] BRFH¥S, Bosi, o, 48 5 T 5 2 45 2 40
temporal variation in normalized difference vegetation BIREIR I VD M Az A 3R 5K B0 3 B P [T AR 4,
index of vegetation in Liaoning Province from the per- 2022,42(14) :5906-5921.
spective of ecogeographic zoning [ J]. Chinese Journal Ouyang Ling, Ma Huiyao, Wang Zongming, et al.
of Applied Ecology, 2023,34(12):3271-3278. Dynamic evaluation of ecological environment in

[26] #hZE, VFAR AT e, 55 0 I 000 77 B K P45 V8 A8 5 3 Horqin sandy land based on remote sensing and geo-

LRI FR DA T, 2015,35(6) :1955-1960.
Du Xin, Xu Dong. Fu Xiao, et al. An empirical re-
search on the relationship between water environment

and economic development in Liaohe River watershed

[J]. Acta Ecologica Sinica, 2015,35(6):1955-1960.

[34]

graphic information data [J]. Acta Ecologica Sinica,
2022,42(14) :5906-5921.

Wen Xin, Zhen Lin. Soil erosion control practices in the
Chinese Loess Plateau: A systematic review [J]. En-

vironmental Development, 2020,34:100493.



