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Abstract: [Objective] Tuojiang River Basin is facing serious ecological and environmental problems such as

soil erosion, water environment pollution and soil erosion. It is of great significance to carry out the
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evaluation of the ecological and environmental quality of this basin in order to promote the ecological
environmental protection of the upper reaches of the Yangtze River and the high-quality sustainable
development of the basin’s socio-economy. [ Methods] Based on the Google Earth Engine platform, Landsat
remote sensing images from 2000 to 2020 were selected to construct an ecological environment quality
evaluation model with NDVI, WET, LST, NDBSI, and Al indices, and the coefficient of variation, one-way
linear regression, and spatial autocorrelation analysis methods were used to analyze the spatial and temporal
evolution pattern of ecological environment quality in the watershed, and to detect the driving force using the
optimal parameter Geographic Detector Model(OPGD). [Results] (1) During the period of 2000—2020, the
multi-year average value of ecological environmental quality in the Tuojiang River Basin is 0.66, and the
grade is mainly good, accounting for 63.01%. The ecological environment quality in the surrounding districts
and counties of Chengdu, Neijiang, Zigong. Luzhou and other towns and regions is poor, showing a spatial
distribution pattern of low north-south and high middle. (2) The ecological environment quality of the
Tuojiang River Basin is generally on a declining trend, and the trend of deterioration of ecological
environment quality is significant, with the ratio of slightly degraded and significantly degraded areas being
19.75% and 5.88%. The urbanized areas with high population density and high level of socio-economic
development are dominated by higher fluctuations in ecological environment quality, accounting for 18.15%.
(3) The global autocorrelation Moran index of Tuojiang River Basin during 20 years ranged from 0.769 to
0.870, which was mainly distributed in the first and third quadrants, and the ranges of local autocorrelation
high-high agglomerations and low-low agglomerations showed significant changes over time, with obvious
fragmentation of the landscape patches. (4) The OPGD results show that land use type, slope, elevation,
and nighttime lighting are the main drivers of ecological quality change in the watershed, population density,
temperature, and GDP are secondary drivers, and precipitation and slope orientation factors are less
influential. Land use type interacted with other factors to enhance the influence on the change of ecological
environment quality in the watershed. [Conclusion] The improved remote sensing eco-index model provides a
new method for regional ecological environment quality evaluation, and the results of the study provide a
reference for ecological environment protection.

Keywords: ecological environment quality; improved remote sensing ecological index model; spatio-temporal

analysis; driving forces; the geographic detector model; Tuojiang River Basin
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Fig. 1 Tuojiang river basin location
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Fig. 3 Independent variable partitioning effects based on optimal parametric geographic detector
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Table 1 Principal component analysis results

Y EE=E PC1 PC2 PC3 PC4 PC5
NDVI 0.468 0.251 —0.145 —0.143
WET 0.203 —0.136 0.091 0.016
RSEL NDBSI —0.296 0.641 —0.266 —0.131
LST —0.089 —0.194 0.243 —0.114
FEAEE 3.450 0.561 0.164 0
FRAE(E B3 TTmk R/ % 65.780 82.420 89.160 100.000
NDVI 0.453 0.264 —0.412 —0.241 0.103
WET 0.216 0.178 —0.191 —0.219 0.241
NDBSI —0.321 0.265 —0.456 0.361 —0.264
MRSEI LST —0.103 —0.213 0.293 0.168 0.008
Al 0.378 0.295 —0.238 0.135 —0.184
FEAEAH 4.210 0.501 0.300 0.233 0
FRAEAE Rt stik%/ % 78.320 87.650 93.230 97.560 100.000
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Fig. 4 Spatial distribution and change of ecological environment quality in Tuojiang River Basin from 2000 to 2020
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Fig.6 Stability analysis of ecological environment quality in Tuojiang River Basin
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Fig. 7 LISA clustering map of ecological quality in the Tuojiang River Basin
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Fig. 10 Risk matrix of ecological environment quality changes for different classification intervals of driving factors

(c)MRSEI
W 1,2,3 435 ke PR T X g BB S A Ml X VL X,

(a)Landsat 8 (b)RSEI

11 2020 £ #J Landsat

45 % b
Comparison of 2020 Landsat imagery with RSEI and
MRSEI models in localized detail

1% 5 RSEI #1 MRSEI # 8§55 &

Fig. 11

5 % ik

(1)2000—2020 4, e VLI 3R A A5 IR 58 I i 4 A A
U 2P E R 0.66., &R ﬁ?ﬁ%ﬁ»ﬁ#ﬂ%ﬁtﬂﬁﬁ%‘
Ae2E A CRAE 5 ANEEYL. & 43 0.07 %6,1.02 0%
27.83%,63.01 % F1 8.07% , MRSEI {B M 2000 4Ef1 0.731
TRER] 2020 4FRY 0.561, 7 B I S AR AR PR i R R
R 728 2 1 DX s 7 LR 18.687 %%

(2) Mk LA 43 #7726 BH L A 5% IX AR 2 A 45 o i A
EZM D E BMBAMEZFRAN SR
19.75 % #1 5.88 % , B 43 A FE I BAL K P 5 L N H 3%
BE R A A 77 3 Bl 4 TP B Bl X, AR AR A T AR

VTS AE B i 2 B FIEM ., &-
o B SR IX F2 3 A AE T 0 R Sk IR B o B A
VLB B b X, AIR-IR 4R 2R X 40 A A AR T 1 J8] i X
BNV R T B R B IX B

http: // stbexb.alljournal.com, cn



162

P/t I N

% 38 &

P g i 4, TG 2 Wt S b 0 M X, DR P AR 2 ER
B A 72

(4)OPGD M 2 7% » 3K 2l A -0k A 25 30 58 Jo 4

AR A T B R P HE 570 DA s 0 T 26 B > S E > g
> > N H % B > S > GDP > R /K it >
Wt . AR PFRAN Oy TR 3R 58 E AR 0 a0 A AR R
BEpR A R, [N, 25 0y kN 26 WL RE B
P o 2R A DR AP A 28 T A 1 Y- L 9 20 O At
S TR e R AT RS AR AT i A S FR

DR B B A 2 2
B E M-
(17 BRI 2 o 2 25 5 SR 5 7 30

[2]

[3]

[4]

(5]

[6]

R[] A H,2016,36(19) :6328-6335.

ZHAO Q G, HUANG G Q, MA Y Q. The ecological
environment conditions and construction of an ecological
civilization in China[ J]. Acta Ecologica Sinica, 2016, 36
(19) :6328-6335.

B AT 25, IR AR S N B A SR R S I 4
Brye It s AR S R A 7 Bl S B s [T ] Z ol
KA CHRF#) ,2023,38(3) :520-528.

ZHAO R, REN X Y, SU W Z, et al. Study on distribu-
tion of Tuojiang River Basin ecosystem product by value
accounting system combined with material flow analysis
[J].Journal of Yunnan Agricultural University (Natural
Science) ,2023,38(3) :520-528.

KRB R SO, WhA A, A T IR S5 BT VL R S
RYGUNR S5 KA / 3 7] 56 F A2 [/ OL T A 25 15 R A PR35 2%
#%,2023. DOI: 10.19741/j.issn.1673-4831.2023.0570.
ZHANG TY, PANHY, YAO CY, et al. Evolution
of ecosystem service trade-offs and synergies in the Tuo-
jiang River Basin based on ecosystem service Bundles[ ]/
OL].Journal of Ecology and Rural Environment, 2023,
DOI: 10.19741/j.issn.1673-4831.2023.0570.

WANG F. LU Y, L1]J, et al. Evaluating environmen-
tally sustainable development based on the PSR frame-
work and variable weigh analytic hierarchy process[J].
International Journal of Environmental Research and
Public Health,2021,18(6) :e2836.

LIU L, ZHANG Q, WANG C L, et al. Comprehensive
eco-environmental impact assessment of urban planning
based on pressure — state — response model[ ] ]. Applied
Ecology and Environmental Research, 2019, 17 (6):
14455-14463.

AW, IR B S R A S B B e AR AR
R3NS3 73 L) 100 Ml R 22 4 CA AR BEA2) . 2024, 44
(5):1-8.

FAN ] M, ZHANG C, QIAN H, et al. Analysis on the
evolution process of ecological environment quality and

driving force of Yunnan., China[]]. Journal of Southwest

7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

Forestry University (Natural Sciences) ,2024,44(5) ;1-8.
WANG C L, JIANG Q O, SHAO Y Q, et al. Ecologi-
cal environment assessment based on land use simula-
tion: A case study in the Heihe River Basin[]].Science
of the Total Environment,2019,697:e133928.

YANG W P. LI D. Spatio-temporal evolution of eco-
logical environment quality in China from a concept of
strong sustainability [ ] ]. Environmental Science and
Pollution Research International, 2022, 29 (19).
28769-28787.

IR A DR A 25 PR 0 AR b 1 BB AT AN AR A (T . b B 3R
iRl ,2013,33(5) :889-897.

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

FW B FE, ZaAE T Google Earth Engine = 5
PR3 T A 2 O K ) 2 A5 M« DL R OV R
BI04 A2 4], 2020,40(23) : 8461-8473.

WANG Y, ZHAO Y H, WU ] S. Dynamic monitoring
of long time series of ecological quality in urban agglom-
erations using Google Earth Engine cloud computing: A
case study of the Guangdong-Hong KongMacao Greater
Bay Area, China[]]. Acta Ecologica Sinica, 2020, 40
(23):8461-8473.

SN BB, X B AL, 4. 3L F Google Earth Engine
- 18 SO BT R AR AN PR T i S AR A [T ] AR A
Z4 i3 ,2023,42(3) 1 759-768.

WU X B, FANXY, LIU X ], et al. Temporal and spa-
tial variations of ecological quality of Chengdu-
Chongqing Urban Agglomeration based on Google Earth
Engine cloud platform[ ] ]. Chinese Journal of Ecology,
2023,42(3) :759-768.

HFHE, REWE, BFRFY, 5.2 T Google Earth Engine
B9 = A T R A S PR AL S IR AL R AR S AT LT ). AR
AR .2021,41(2) :717-729.

ZHENG Z H, WU Z F, CHEN Y B, et al. Analyzing
the ecological environment and urbanization characteris-
tics of the Yangtze River Delta Urban Agglomeration
based on Google Earth Engine[ J]. Acta Ecologica Sinica,
2021,41(2):717-729.

T o o BRI, 5 AR T S TR R A S IR B R Y
BT K ma R AT LT ] A 3 5 R R 3R BT A AR
2022,38(7):860-871.

FENG R R, ZHANG K L, HAN J N, et al. Remote
sensing evaluation and influence factor analysis of eco-
logical environment quality in the Fenghe River water-
shed [ J]. Journal of Ecology and Rural Environment,
2022,38(7):860-871.

Mo b AR AL B TR R A T B R R I E KR A
SRR XA B B i o A Ak 5 2R A B s AP A [T ] R A 2

http: // stbexb.alljournal.com.cn



553

AL B T R

TR 25 B I S 8 T A A B O A S AR A S 3R ) T

163

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2 4.2020,31(2) :533-542.

YANG H T, XU H Q. Assessing fractional vegetation
cover changes and ecological quality of the Wuyi Moun-
tain National Nature Reserve based on remote sensing
spatial information[ J].Chinese Journal of Applied Ecology,
2020,31(2) :533-542.

UERE 39 BT [ MR L AR I A R T Bk B R SR A
H ﬁﬁ%ﬂﬁ(ﬁﬁ)k(g)&ﬁaﬁﬂfﬁﬁﬁ&%iﬂm%ﬁ
MrlJJ.3F 88} %, 2024,45(3) : 1586-1597.

FU K X, JIA G D, YU X X, et al. Ecological environ-
ment assessment and driving mechanism analysis of
Nagqu and amdo sections of Qinghai-Xizang highway
based on improved remote sensing ecological index[ ] ].
Environmental Science,2024,45(3):1586-1597.

KA AL B AL S8 A S T R AE SRR TR
X A AR FRBE PR [ 38 2 4, 2023, 27(2) 1 299-317.
ZHANG W, DU P J, GUO S C, et al. Enhanced remote
sensing ecological index and ecological environment evalua-
tion in arid area[ J . National Remote Sensing Bulletin,
2023,27(2):299-317.

XU D, YANG F, YU L, et al. Quantization of the cou-
pling mechanism between eco-environmental quality and
urbanization from multisource remote sensing datal J].
Journal of Cleaner Production,2021,321:e128948.
LIW]J, AN M, WU H L, et al. The local coupling and
telecoupling of urbanization and ecological environment
quality based on multisource remote sensing datal ] ].Journal
of Environmental Management,2023,327:e116921.

ZHAO X Y, TAN S C, LI Y P, et al. Quantitative

analysis of fractional vegetation cover in southern
Sichuan urban agglomeration using optimal parameter
geographic detector model, Chinal J].Ecological Indica-
tors,2024,158:e111529.

TR FRER AL, 3 DR A, 45 T S J0 e AR b B ER U 4%
PRV VG 48 Ll it o 5 i 23 A% SR 5 BK Sl 1 ST b 2 5 3
S BB ,2021,37(4) : 72-80.

ZHANG R J, CHEN Y H, ZHANG X X, et al. Spa-
tial-temporal pattern and driving factors of flash flood
disasters in Jiangxi Province analyzed by optimal param-
eters-based geographical detector [ J]. Geography and

Geo-Information Science,2021,37(4) :72-80.

ZEGE, R, B SR E R IA £ A VR S ) 4y R
Fe R BN S 00« DL e X A ][] ]. 4 P‘i&}ﬁ 2022,

42(4) :220-229.

LIC, WU Y M, GAO B P, et al. Spatial differentiation
and driving factors of rural settlement in plateau lake:
A case study of the area around the Erhail J]. Economic
Geography,2022,42(4) :220-229.

SONG Y Z, WANG ] F, GE Y, et al. An optimal parame-

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ters-based geographical detector model enhances geograph-
ic characteristics of explanatory variables for spatial het-
erogeneity analysis:Cases with different types of spatial
datalJ]. GIScience and Remote Sensing, 2020, 57 (5):
593-610.

YAN Y B, CHAIZ Y, YANG X D, et al. The tempo-
ral and spatial changes of the ecological environment
quality of the urban agglomeration on the northern slope
of Tianshan Mountain and the influencing factors[]].
Ecological Indicators,2021,133:e108380.

FoHE BRI A5 55 3L T Landsat (3 KBS
RBE I 2l A8 W B i s A% R B Ay A (T AR A 2
#.2023.,43(15) :6278-6292.

WANG Y X, XUY Y, YANG ] J, et al. Dynamic monito-
ring and spatio-temporal pattern evolution analysis of eco-
environmental quality in Chongqing based on remote sensing
[J].Acta Ecologica Sinica,2023,43(15) :6278-6292.
?)'(j*’* S EAR O S AORR R T R AR S TR R B

i 23 95 A8 e s me PR ZR A3 A D). B AR E R 8 UKL 2023, 35
(4):244-254.

LI G Z, WANG H, CAO Y X, et al. Spatio-temporal
evolution and influencing factors of ecological environ-
ment quality in the Changsha-Zhuzhou-Xiangtan urban
agglomeration[ ] |. Remote Sensing for Natural Resources.,
2023,35(4) :244-254.

MR . 385 254, H IR B . % .5 T Google Earth Engine ¥
BB =LA X A A PR B i S A W 5 A L) ] H ek
15 BB 2% 42,2019, 21(9) :1382-1391.

CHEN W, HUANG H P, TIAN Y C, et al. Monito-
ring and assessment of the eco-environment quality in
the Sanjiangyuan Region based on google earth engine
[J].Journal of Geo-Information Science, 2019,21(9):
1382-1391.

0 AR R IR % R R T ] s A
2017,72(1) :116-134.

WANG ] F, XU C D. Geodetector: Principle and prospective
[J].Acta Geographica Sinica,2017,72(1) :116-134.
JEMY . AT RS FI GIS (94 i1 4k 5 A= 45 3R 55 3 72 4
AP RV R D] R R T R4, 2022.

TANG P L. Local and telecoupling coordination rela-
tionship between urbanization and eco-environment
based on RS and GIS[D]. Wuhan: Wuhan University of
Technology.2022.

ZEETA B AT . b T U T R - R e R L A 5
LAY 48 A5 S L ] P4 AL 3 5, 202255 (1) :236-248.

LI X Q, LIANG Y L. Land use response mechanism
caused by geological disaster: Taking Mianzhu City as
an example[ ] ].Northwestern Geology,2022,55(1) :236-
248.

http: // stbexb.alljournal.com.cn



