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Abstract: Comprehensive and effective assessment of ecological environment quality is an important
element in the construction of ecological civilization. To investigate the ecological environment quality of
Wushan County in the Three Gorges Reservoir Area. Based on the Landsat TM/OLI images data of 1990,
2000, 2010, 2022 from the United States Geological Survey (USGS), we used the Remote Sensing Ecolog-
ical Index (RSEI) to evaluate the ecological environment quality of Wushan County, and the evaluation
results were further explored by the Geographical Detector (GeoDetector) method for factor detection and
factor interaction analysis. The results showed that: O The ecological environment quality of Wushan
County presented a trend of “decline—recovery—increase” during 1990 to 2022, and the average RSEI
values in 1990, 2000, 2010 and 2022 was 0. 565, 0.473, 0.527, and 0. 611, respectively. @ The spatial
distribution of RSEI at different levels of Wushan County exhibited temporal variations. Between 1990 and
2000, the ecological environment quality of Wushan County was predominant by degradation, where the
degraded areas mainly concentrated along the waterways and in populated urban areas and villages. From
2000 to 2022, the ecological environment quality in Wushan County presented a trend of improvement, and
the improved areas mainly concentrated in the central and western areas as well as the marginal areas.
@ According to the results of the Geographical Detector analysis, the dominant factor influencing the
ecological environment quality in Wushan County was heat in both 1990 (g4, =0.852) and 2000 (g, =
0.852), whereas in 2010 and 2022 the dominant factors shifted to dryness (g, =0.950) and greenness
(g0 =0.785), respectively. In the interaction detection analysis, the most influential indicator factors
affecting the evaluation results of ecological environment quality were wetness and heat in 1990 and 2000,
with interaction influences of 0. 970 and 0. 968, respectively; while in 2010 and 2022, the dominant factors
were greenness and dryness, with interaction influences of 0.958 and 0.918, respectively. The
interactions between any two factors consistently exhibited a bi-factor enhancement effect over time. Over-
all, the ecological environment of Wushan County has improved during the past 32 years; however, future
efforts should pay particular attention to the protection of local fringe areas, as well as to vegetation cover-
age, bare soil, and human activities.

Key words: Three Gorges Reservoir; ecological environment quality assessment; Remote Sensing Ecologi-

cal Index (RSED ; geographic detector; Wushan County
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624. 35 km”, HBIky 21.10% , Horpr, o B A 22 (0 T AUA AR b — BB s b, AN 41,91 km®, N
1.42%, HCEHB/NIF R FHI A s WL 22 1 AL 582. 44 km®, (51 19.68% . & S AW K, FEER
FEWFFE XA . A —Se 5 2R bty . AL A AR E ST 1 064, 03 km®, WA I 35.97%, £
AL T VLTI J 320 JEAR 0 A AE AR 92 DX AR 1 1 LA B3 5 b 1K, AR A8 I 55 Ot o3 28 0 i AR Ak 2 R R 4R T
H1269.83 km®, 5 EHIALAY 42.93% . Hod, A1 13191 km® K8 A9 A= 28 0 2 BRI, S EEh
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38,270 HURAM G . AR Fr o W R KU R AL MR M X5 o i B S AR B (i I ARl 137, 92 km” TR
L 4. 6600, T2 BEOM A FEAT 5 DX 30 Gk oy 4RO AT

a. 1990-2000%F b. 2000-20105

B {3
RSEIZNZS
Bl BETE
[ BHTE
THHET
[ mERE AT
Bl HETH

0 510 20km

[ = e—

c. 2010-2022%F d. 1990-2022%5

FIES: GS(2019)1822 5,
B 3 RSEIZhZaZ L A

MR E, ERMALE 1990—2022 4R, ASHEE R R URERAUERE L, A SRRk R
B A S IR BT R AL R T By 658. 89 km® , I HE 22, 2706 Horpr, AR AN TR LA B 25 S F2
BN 572.61 km®, itk 19.35%, FEAMAERNKRB R, UKL, Ml mh gy /T
2. 9200 R BT W AR 2 A, [ BUA 86. 28 km®, FEH AR AT AEAR AR L PR AR R AR AL IR . HAR T
i, AR R S A 1144, 36 km®, ARG L 38. 6900, LB K HArfmAIxT &, FEA TR
JCFR AR DA G DX, LA R VT I A . 1 R R AR LB 1 AR K AR I A A B AR AR AR E AR A
A S FREE B G 2R A TR 1154, 96 km®, Jir A7 FE D 39. 0406, FEAR S5EEE AP, Hirh, B W R
LT AL 1055, 80 km®, JIF i HeBl e K, O 35. 6920, Ar AR EET . F B F . VLA K g i 2
DX 5 17 5 B I 4 A TR RS 99. 16 k', (5 1L 3.35% . SEPTEPILIRIN S, HA 8 I Fsh . R,
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WO ST AR L TR A 17 A E A3 A, RWLEAR AR S AR T i ok SR AT (HAEES . PU R A AR
B 2 My IR AL B I,k 4 X R B A AR AL 5T SC RSED /0 R IE A B 38 1 — 2k, i DUY b e 5 2209 A=
A, A0 XX R A B R IE A IR AR S IR X B E IR,

Fz 4 1990—2022 £X LB RSEl #ET L

1990—2000 4F 2000—2010 4F
e 1 me B/ b/ KA ik / E4E b/ KA bt/
km®* % km? % km”® % km”® %
iRk A i 7R 22 —4 7.69 0. 26 1262.27  42.67 23.75 0. 80 818.55 27. 67
—3 18. 34 0. 62 93. 29 3.15
W&l s 2% —2 138. 74 4. 69 235. 65 7.97
—1 1097.50 37.10 465. 86 15.75
o L RAf 0 1537.97 51. 99 1537.97  51.99 826. 41 27. 94 826. 41 27. 94
38 % 728 4 +1  145.25 4.91 157. 98 5. 34 671.12 22.69 1313.23 44. 39
+2 10. 95 0. 37 456. 08 15. 42
B I A 47 +3 1.48 0.05 161.57 5.46
+4 0. 30 0.01 24. 46 0. 83
2010—2022 4 1990—2022 4F
H 5 15 me B/ G/ K ik / E4E hEe/ KmA/ i L/
km® % km? % km? % km? %
FER!4 B g AR 22 —4 6. 74 0.23 624. 35 21. 10 10. 10 0. 34 658. 89 22.27
—3 35. 17 1.19 76. 18 2.58
% fi 72 2% —2 139. 46 4.71 192. 42 6. 50
—1  442.98 14. 97 380. 19 12. 85
e TWEAf 0 1064.03 35.97 1 064.03 35.97 1 144. 36 38.69 1 144.36 38. 69
e 3t W f 72 +1 743.59 25.14 1 269.83 42.93 722,11 24.41 1 154.96 39. 04
+2  388.32 13.13 333. 69 11.28
) 4 A% Gy +3 119.13 4.02 89. 43 3. 02
+4 18.79 0. 64 9.73 0. 33

2.3 RSEI E-FHEM
2.3.1 EFRBRTFHH
BB RO AR B AR . L RSETAE RS &, & 4 i 48 45 8 (WET) | 4 (NDVD, T J#
(NDBSD F# B2 (LST) 3 o 5 43 2 i A E S 5 b R A s 5 17 70 2, fE M A&, ZJ5 LA 500 m X
500 m {B I, 16 ArcGIS 10. 8 FA vy v W #E AT B 51 R A BBR W T . 1990 44 11 369 A RUFEA
Ris 2000 4E2 11 175 A RUREA AR, 2010 4F2 15 220 AN SOREAS 10, 2022 42 11 573 DARBBEA L, &
J5 I2 O BRI 5% 77 2 i AT £ W 40T, geit 4 Ay R ARARXT RSET 15200 J1 {8 (¢ {8 . A&l 4 Fis
PR 25 5L W], 1990 4F . 2000 4F . 2010 4FEF1 2022 4E & 48 KR40 p IR 0, VLW 4 />4 42 48 b5 X AR
B A A PR BE B 6 1 25 6] 43 SRR AR 2 B e R R T . AR AP o (EAFAE —E R, K44
Sy F8 bR XT RSET 9 5% e #2 B2 Bl B (i) & A= 84k . AN B 7ok F . AR E 1990 4F . 2000 4F, 2010 4FFl
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2022 XA A BE 500 5t K DR 20 590 R EE (o = 0. 852) L FBE (gug00 = 0. 852) . T (qupry =
a%mﬂﬁgwmzammoA¢w%¢qﬁMﬁﬂdmmﬁ &Fm:a%m>@§m:awm>
T (q=0. 473) >4 (0. 328) 3 2000 4F g M R EI/IMKIK N . 4B (¢=0.852) >R (¢=0.792) >
TBE(g=0.363) >4 (¢=0.100); 2010 4F ¢ [H M KB /MK K. T (¢=0.950) > G fF (¢ =
0.773) > (¢g=0.585) >R (¢=0.082); 2022 4 ¢ HMN KBN/MEKR K. B (¢g=0.785)>T
(¢g=0.778) > E (¢g=0.636) >HF (¢=0.514),

1or WET =3 NDVI NDBSI E==% LST  0.950

081 E

EI <

P PP P PP P PP PP PP PP PR P PP PP
besssosrsssosssssasssass

w
—
N

EYEYPIFY

W F1qfE

R

=
57

041

EYFYE

02

PR P P )

P P PP PP PP PR P PP P PR PP PP

)

P I NN |

FYEIPIPPPIFI)
beasa

2010 2022

F15
B4 MLUE 19902022 FETSHMEBEREETESHATFER

H

2.3.2 REAMERHH

A 3l BRI B T 052 HLEIN L A5 F T DS AR 1B 1990 — 2022 AF 4 AN 3 15 AR G AR A5 FR 8 R (Y
LH W, WES B, 858K, 1990 4F, 2000 4E%F RSEL 2 W 5 K 3 iR 53 E, s B AEH#
Wi 353 3K q o00 BBE N FABE) =0. 970, qogo WREE NFAE) =0. 968, 7 T A 28 B.AE FH XAz 45 PR B8 I & 1 45
1] 43 S P T oA 2 SR R . R 1R 96. 8%, 2010 4EXT RSET B2MA iR K i R4k iE 5 T8, BRTA 3 H
PR AR L LA 25 R B8 I 5 i ) v A e KM, S AR R ST g0, (BREE N TR N 0.958, B IIN
%@Vommmﬁrﬁ$ﬁﬁRﬁnﬂQMﬁrﬁ,xﬁﬁmQMﬁquiﬁﬂ¥Fﬁwww,ﬁiﬁ
I8 T 2 (0] 4 PR R R Do 91. 8% . PR SN R AR IR g (ESEAT HOEL, MKW 52 AR FH 28 B % 4 Wt b
e, LR AT P/ B AR Xt RSET 1928 152 0 ) #05 T SA A8 b5 B 1, S E0BLH 1 39 s 2R, R W
AR B AR BRI B —HE AR R i 2 R,

3 HRE&R
3.1 iFig
3.1.1 RSEI 4-#j%

M ENVIS. 3 B4 B & 0 AR bR o — F i S8, Ik 5 Fion, 45 R R U, 1990 4£, 2000 4E,
2010 4EF1 2022 4E 45— F A (PC TTERE MBI R 72. 4%, 70.2% . 76. 1%, 79. 2%, ¥R T 70% , KL
— U RO . REE S WA A IR 4 KR MR B TEA S AR bR 0y STRRBE b, MR BE ISR AR AR N
TEAE, 2 W R A0 A B X6 AR 51X A A AN IR — i B O 1) BB A T T T REA R R AR T fE, 3R I B0
#ﬁﬁﬁﬁciﬁﬂ AW BLARE . fF A Y i SCBRAEOL. Bt, RFH DTRR R IR A — 2R
4y 64T RSEI (44 8 HLAT rT AT 1
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0.970 0.968
19904 )20004F
s} (@1990% Lerl (20004
0.842 0.794
NDBSI o713 NDBSI 061
NDVI 10585 Npvi 0.100 e
0.456 0.274
WET 0.874 0.910 0.970 WET 0.864 0.968
0.328 0.100
WET NDVI NDBSI LST WET NDVI NDBSI LST
a. 19904 b. 20004F
0.958 0.918
20104 d)2022
pstp (©Q010% 0.585 spp (@202
0.783 0.837
NDBSI 0.950 0.954 ~ 0.608 NDBSI 0.865 - 0.756
NDVI 0.885 0432 NDVI 0.918 0.868 0076
0.257 0.595
WET 0.082 784 0.951 WET 0.892 0.869
0.082 0.514
WET NDVI NDBSI LST WET NDVI NDBSI LST
c. 20104F d. 20224
Bl5 EXTELE1990—2022 FEEHBERELEERER
x5 BEHoEERE—THS
EEEn 1990 4 2000 4 2010 4 2022 4
1 E WET 0. 356 0.476 0. 504 0.518
4t BF NDVI 0.521 0. 448 0. 317 0. 437
T F NDBSI —0.516 —0.534 —0.559 —0.565
#JFE LST —0.538 —0.502 —0.436 —0. 442
fiF 14 0. 082 0. 041 0. 057 0. 060
TR/ % 72. 4 70. 2 76. 1 79. 2
3.1.2 RSEIMZE®EE
FUAREE BT AR Ll B BT P M AR, K R L AR R A R A AL S AR A IR U K, AR GE A 2 AR iR

WL G R AR R T ] (H T

IR B
KRBT

TE BT BB B (1990 —2000 4F) o I A 285 55 2l DXOR AR 312 2 38 A 258 DXl (g Al 2% 2

32 A [A] A 25 BR

Wik 22 1 F

FEAENRKWATREE, SEUESRESCRE R
WHE— LT 3 Bt i, e

A A AR BLAS B 45

MR ZE2, ¥
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B TE R R . —J& i1 T M A B4k ) 0 1 b R 5 R, 7 1997 4F AR 1L B BE K TR Sk A
61.03% , FARABLL 1. 24 Yo M BE S G, 8 =i TR A AN RS I TR SOt f5 » 28 TR 6 2l % sl A b
JRIR BB N2 K FR AR AR R DX A, VK R G TUIR O HEAR A2 A X T B0 2 X K kA R
(18 AR B 2 5 U0 S5 Tl IR s 2 T X — B M Ak 3T A R AR 0 R K CHE . DA B et b i
FRRE . A 25 S BOM AR T TS5 5 . 1997 AF AR L BT ME F 3k 17 796 ¢, 3X T SE #E— 25 I T PR B R Y
AT i e 2 DX I I RAE G L B R AR ) A ARG IL T B D AR L X — PR Y AR R R PR A b
SR, YR NIRRT E X S, R R AR SO 2 A R S i SR ZUE B, AR
WIS W B R B, I AR S5 R R, i OB D . A OC R Rk, BT DA AL ARG AR SR
TN

P T KA BE (2000 — 2010 4F) 30— A 224 b e e 7 6 A 25 ) A, 512 it K YT b e K A 9 R E A BT R
T, BB RRHEE A, R TSR A S T RS A B e B XA ST D S PR AR B A%
145, X BRI R RGN T A3 R, (A5 A AR S IR A B L (A S A G R AR e X 3 B
FEARAL . 23 B RNV g 03 Gk X, AR LS DX AT R H TR L BEBE B i S LR K R A AR FE R R
SN, ARV R GRS — T R TR T A S UK X, RIR RIS 5K S R
R A AR S 2 B T ELAE IRHE X S 4 b X 0 58 AR R AR, T LA 4 Aol 4 A S
by Oy —J5 HIATREH T, Tk R R RSB R S5 A S 3, BT A R . LA
F 7 O T2 A SR A 5 B R

TEFT TR B (2010—2022 4F) AR 1L L BUR ™A% % S —VLEEK . R 7 LU SO FR L AR e
STt g A, [l o AR Oy R FE AR A AR TR D % B 2 2 AR I S, R TR
SR OE R, A A S IHBUR RS R T, i R 2 72 2015 AR @ AR IL MUY, it T 3h 5 E0GE L
B, FEHHR TR, MR S U E G0 = 0 i X592 it 38 B3 AR 4 9% 52 R kA 3R KL s, & R T i
KB, RGO, AT e A0S T B ACE . AR ARG e AR 2, E B R ST
2. RSO S . A 2010 FIF G, —H2ZBIXE LA FAINESSEHR, 4568 MEBE g, —
o T @ AN, S — T A KRR ARG R B R K E SR
DX AR B o /0 . AR T S L X SR N ST A AT B L Y s A e Sk i Ak S i,
AT e P X 3 G 0 % b AR AR O 1 B AR A

[, RSET S A8 RO 8500 1] 7 — o B b 0 H R i 2 = A s, s ) RUEER &, B3R
e RN IE IR, FER R A ) RUBE b, H TP BI800 T 8 23 4 o — 2 R F5 /N 98 L 2R S AR fR s L
AR /N 28 TR RUBE [, 0 AR R 605 2050 4 b X Jmg 38 24 8500 0 HE 4 7065 240 L0 {FL W] R 2 fil =2 oF [X 3 35 A 74 25 46
JRy e s DB R RUBE SRR . B SRS [) B[] (] B 1) 52 A5 5006t <5 5% i RSET 25 5 ) 2 30, & ok i) R T LA
Ty R Bsf i W A ARG, E AT RE S A2 BN A b I TR R s, B R AR E i R R
AT DA B A= 258 A 1 R ARG B, (BN 5 ZA OB AR A B A S SR, B0 X S AR S BR B A [ i 25 R
JEH R 1 25 SR RE I, AR K OB B R N AE BT B 2 AR AR IR B R, LA B RS B2 DT Ak i B
S A 205 R A S P B I R AR SEHLER T X A A/ RSET RRE ) 4R 41 1 A vy ik . — il vl AR
FH R B e AR U 3 23 R . AR i, B /INEEAH 25 5 0 S AR R R AT RSET B AL kg . o) — 7 i
A DAHEAT TR B T 5 37 08 B 90 R R AR SR 158 22 4 R Y S T
3.1.3 RSEI®" A%

SEAERNT . S EHARAGE R, IHE T SR E, 1990, 2000 4F 9 3 5 N T4 4% . 8 B AR
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M) RSET $5c K 0 PS8 b5 35 10 B 55 408, AR KR 102 f 1 35X W s 30 2 b R 0 VD R i TP & A
2, TR Sh A B UL T AR AR BGR AL 1990 4R X AR P BMAE Y 3. 15 4270 i el b T
21.18%) , i 2000 4F My X A= 77 BB 12. 59 4270 LA Es — 7=l 4 e 23. 56 26) » (HPIAS I 9 4 B AR RS
i 8 TR B b 38 2 8 R HL AL T AR K T o AR B 2 5 I 22 58 77 Ml & R AT R BOK gk K IR 3R
gt — 2 gil . [ B A AT T 1981 — 2014 4F = 0 A [X§1 Fl N Hb 2 2 174 B 2 B AR SRR AIE 5 1R 28 DX )
FER P B 1 TR A AR 1L B IR AR AR A R T Rt R B 2 K o R b 3 I R A T g WA
RAER A L i ¢ (H s R SEm RIS AL, 28 1, XA 1 5 7R AE N R 5 6 L PR 1
Ots BT, 1990 —2000 4F, 4 DNHEARAY g (EIAN [F) e B M vl /) o JF v 2o 7208 WRd i K 56 WD A o
BRI R BOX — W BUE SR FE R, X5 HA

2010 4F EFHFRIH T EE, FEF 2000—2010 4FLREER T BEM o (A AR, 28 5 AE 5w & K
fe bR 2000 4F AR SRR AZ N S TR, SUE g (3R F ARS8 i T2 HOm ok TR E PR Y
BRI , SEAT KRB ARG AL S A S T AR, A5 AE B 5 0 s FX — B T Ak T b R R
J& o F T AR A SR b, SRR b A T AR R T, 2010 AF M IX A 7R B Ol 49. 70 208 (HE
Hs P EE 30, 58 %) . B R 1 2000 4ERY 12 %3 K F 30. 02% . Al REfH 15 M 2 A S0 AR 5 A
(b ARG SO RG I, BE ST R o A B, TR R B s g, Bl AU %4 RSET B £
SHF, G R 2022 FEFHF, H2010—2022 4408 MR ¢ (B EFF, 360 X — i WA Bl i S IR B0 L 2
KM B — L B, MR T B o (A MR, KUY 6 A SRR B M, F2HFH 2010 440
TR AR Ry B, 22 HAE RS W S R I HE AR E Y D S B 5 T 1 xR DR R i i 0 A 1l BLBR A S B B R 3 T
fESL . A 2012 SETFIRFLEHESE L0 £ M @i, PP Z5 M 2 Dbk . BRARBR % | A= AR Ui 5 & 68 A 25 77 M %
TSN R 35 RN 2010 AF B9 50 Y01 K B 2022 4EAY 67. 6 %0, JF A GEEE AN HE K T IR A AR 178
B HT R A% o, (T AR AR o (E R B/N AT RERRR 00 . Tl RO B R g S B . R, 3
A LUR AR SR i BT B B, ARG . NS IE Bl R Y i A A R Y 5 e AR R AR KA, T DL AR
Ll B AR S5 2 1 2R A A v g R SOGTE  (HA AN R 200 L A PR R s )

B ASAIEGE A T b BRI 25 J7 2 %7 RSET 25 ] 43 53 A7 5800 43 B o 808 7 RSET A4 A 1 3 5 1
KA, EARM R . . NG SN R, S R L ARRR K L IR SR 0R B A T e A
[i1] 22 W 5% ) 5 RSET B RS BCHE b3, fH XT3 26 R 7 B 3 ) K/ BF 58 Al 02 R ok i ZE A SR BEAT 19 . ISk L
RSEL [ 4 A>3 146 A5 19 48 A0 A7 76— 28 B REMLE FL I 2 85 i 3, 3 0 B 45 o A 265 2 35 ok it 1) ofE 0 3 —
SERCW . I, SR 25 45 & Y SC PR O . £85I S AR 4R 0 RSEL, I % B A 4K b & FFIA
eV B A T HEAT BRI 43 B, DA Sy DX A 2508 52 R0 R PR AR BT O o AR 1) 2 5 1K A0
3.2 it

AWFFESE T RSEL FLh B0 38 23 B 7 5 PCiT AL 1L B 1990 — 2022 4F Az 25 BREE 0T o 11 B 25 A8 AR AE 5
FRHETF, G50 EW . 32 4F 0, ERATAILE RSE] MR EH R RE — LIk, K E 4 %
S RSEI (23 [R50 A A — 5 (025 50 . A2 28 5 90 30 28 43 A A8 w8 W R0 X, IR AR 25 55 9000 3 2207 TR 4R
L [ 2 S 7 - A A D Sl = M s o i S NI R ST 8K AN X e Y v e o A W (T €
AR B AEER . 7R E AR R P A 3 S L DL R S SR Y IR A XOR R YR R R A R O FAR
KEMANLEGE S,

T AR 1 EL 1990 4EF1 2000 4F A 28 FA BT HY 3 5 B 5~ 29 S B (g 1900 = 0. 852, @000 = 0. 852) 5 2010 4
(1 35 K F 2 T (oo = 0. 9500, i 2022 4F 1y 3 T I W 5% 28 S 28 B (a0 = 0. 785, [R] B 28 B 4500 35



% 9 TR, F. AL A ASKERZTIENAEIFAT N 15

W1, AR W 23 B Br % RSET A9 52 0 1 52 BUOUR 7 1Y 5 s8R, P &8 5 1 B J2 X RSET 28 B AT o
BIPIASTEAR 785 2 19 2R A b I J A G TR Bl BREOIR DL 5 AR 8l
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