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Study on the spatio-temporal evolution and driving factors of ecological
environment quality in the Fuxian Lake basin from 2000 to 2021
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ZHANG Junyang'?, ZHOU Weidong'?, MA Xiaocai'?, LI Yuejun'*
1.Kunming Comprehensive Natural Resources Investigation Center, China Geological Survey
2.Yunnan Provincal Field Scientific Observatory for Evolution of Soil and Water Resources and Carbon Sequestration Effect in the

High Mountain-Canyon Area of Jinsha River

Abstract Using the Fuxian Lake basin in Yunnan Province as a case study, this study quantitatively revealed the
spatiotemporal evolution patterns and driving mechanisms of ecological environment quality in typical highland
deep-water lakes. Based on Landsat series remote sensing data from 2000 to 2021, we constructed a Remote Sensing
Ecological Index (RSEI) and conducted modelling analysis using Geodetector. Results indicated that the RSEI
model demonstrated high applicability within the Fuxian Lake basin, with the first principal component (PC1)
consistently contributing over 65% of variance. The loadings of all indicators aligned with ecological theory
(greenness and wetness are positively correlated; aridity and thermal intensity are negatively correlated). The basin's
ecological environment quality exhibited a three-stage evolution pattern of "degradation-improvement-stabilisation":
significant degradation occurred between 2000 and 2006 (declining RSEI mean), gradual improvement followed
from 2006 to 2015 (the proportion of significantly improved areas rising to 5.5%), and a stabilisation phase
commenced post-2015 (with areas showing no significant change accounting for 32.6%). Spatially, a gradient

distribution pattern centred on the lake body was observed. Moran's 7 index (0.25-0.33) indicated a weak positive
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spatial correlation in ecological quality, with areas of high ecological quality (RSEI > 0.6) significantly expanding

after 2015. Driving factor analysis indicated that annual precipitation (impact factor g=0.418) and leaf area index

(¢=0.411) were dominant factors, with their interaction (annual precipitation N leaf area index, g=0.701) exerting the

strongest influence on spatial differentiation of ecological quality. Contributions from human activities (e.g., night-

time light index) had progressively increased annually. This study validates the applicability of the RSEI model in

deep-water lake basins and reveals the spatiotemporal heterogeneity of ecological environment quality driven by

multiple synergistic factors.
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Fig.1 Overview of the Fuxian Lake basin
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Table 2 Principal component analysis results

A0 FHGr NDVI WET NDBSI LST FHIE(E FHIEE ST/ %
PCI 0.6517 0.394 5 —0.683 5 -0.3347 0.025 5 70.00
PC2 0.746 8 —0.447 7 0.463 3 -0.109 8 0.007 6 20.65
2000 PC3 -0.303 0 -0.135 1 0.1853 -0.9324 0.003 6 8.68
PC4 —0.140 7 -0.8222 —0.545 6 0.080 9 0.000 2 0.66
PCI1 0.566 4 0.288 9 04711 -0.715 4 0.022 4 68.50
PC2 0.795 8 —0.369 0 0.447 6 -0.119 1 0.007 6 20.96
2003 PC3 —0.360 3 —0.144 8 0.297 2 -0.8723 0.006 2 9.92
PC4 0.147 1 0.880 8 0.446 7 —0.054 8 0.000 2 0.62
PCI1 0.665 1 0.3159 —0.678 0 04215 0.025 3 65.08
PC2 -0.8158 0.2417 -0.293 9 —0.435 5 0.008 8 21.60
2000 PC3 —0.154 2 0.296 1 —0.506 4 0.795 1 0.006 5 12.87
PC4 -0.116 4 —0.887 9 —0.444 3 0.025 1 0.000 2 0.44
PCI1 0.6117 0.3389 —0.660 5 -0.363 8 0.032 1 70.84
PC2 —0.655 5 0.202 5 02107 —0.655 5 0.008 0 17.02
2009 PC3 -0.350'5 0.3518 -0.561 8 0.586 3 0.006 9 11.73
PC4 -0.1339 —0.882 1 —0.4513 0.014 8 0.000 2 0.41
PCI1 0.510 1 0.254 1 -0.638 9 —0.500 9 0.030 7 69.41
PC2 02186 0.238 1 -0.394 1 0.860 3 0.009 2 19.59
201 PC3 0.820'5 —0.3813 0.416 6 0.087 9 0.006 8 10.57
PC4 -0.136 9 —0.846 9 -0.5127 0.034 3 0.000 2 0.43
PCI1 0.549 6 0.303 1 —0.640 3 —0.461 9 0.028 9 71.87
PC2 —0.7419 0.1211 -0.116 9 —0.649 1 0.007 4 17.01
20 PC3 -0.3729 0.3779 —0.594 5 0.603 8 0.006 8 10.66
PC4 -0.092 1 -0.876 3 04721 0.026 8 0.000 2 0.46
PCI1 0.675 8 0.3319 —0.633 4 —0.309 1 0.020 3 68.94
PC2 0.7323 -0.309 1 0.554 6 0.246 1 0.006 9 21.47
2018 PC3 -0.0292 -0.170 9 0.3396 -0.920 0 0.004 9 9.06
PC4 0.078 5 0.908 9 0.409 4 —0.0149 0.000 2 0.53
PCI1 0.697 4 0.192 8 -0.543 5 —0.444 8 0.021 0 68.95
PC2 —0.668 7 0.248 8 -0.264 8 —0.681 4 0.008 2 24.42
2021 PC3 ~0.249 4 0.281 1 -0.7219 0.581 1 0.015 8 6.37
PC4 -0.065 1 -0.939 3 -0.3369 0.007 9 0.000 1 0.26

FE A3 M 45 SRAIE 52, RSET AR B ZEHE A1l 37 358,
HLA 5 38 FIPE, PC1 RERE R e I Ak 25 3R B8 i
BAME, B A A S X, v R ST
PRI R
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A FAERE S, FT 20002021 4E[A]H NDVI, WET,
NDBSI Fl LST %4l , 1153 17 4 46 o5 1] 1 AH OC R 4L
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PRI 55 48 S i A A 25 1% i 1 ML B L R R
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ik 0.88, 2018 FANZERFAE 0.80, iR E &R0 RSEI
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Fig.2 Correlation coefficient matrix of NDVI, WET, LST, NDBSI, and RSEI in the Fuxian Lake basin from 2000 to 2021
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Table 3 Area and proportion of RSEI change levels in the Fuxian Lake basin
AEy TR B2 i L DELR W g AE 2 &R 22 oW AR WEE LT B ARG 1 E T
T FY/hm? 2900.15 4340.32 6 540.56 14 500.48 9450.29 6 000.5 2350.44
2000—2003
i H/% 6.25 9.35 14.79 31.24 20.37 12.93 5.07
i A/ hm? 3800.21 5500.89 7 600.74 13 500.67 8450.13 5800.28 2300.52
2003—2006
i /% 8.10 11.72 16.19 28.77 1 8.00 1231 4.91
A Vhm? 4000.35 6 000.12 7 800.98 14 000.89 8 800.76 5900.34 2450.61
2006—2009
i /% 8.52 13.01 15.00 30.11 17.17 10.85 5.34
TAFY/hm? 3500.27 5100.45 7250.32 14 750.34 9350.43 6100.12 2550.21
2009—2012
i H/% 7.56 11.02 10.58 31.9 20.23 13.19 5.52
i A/ hm? 3300.14 5300.56 7450.78 14 500.89 9200.67 6 050.34 2500.48
2012—2015
i /% 7.23 11.11 16.12 28.74 20.09 11.24 5.47
A Vhm? 3100.25 5200.43 7350.34 14 650.76 9100.56 6000.12 2450.39
2015—2018
i /% 6.80 11.40 16.12 32.14 14.98 13.17 5.39
TAFY/hm? 2 850.67 5000.45 7 150.89 14 800.34 8900.12 5900.45 2350.34
2018—2021
i H/% 6.30 11.06 15.51 32.59 16.34 13.02 5.18
A/ hm? 7 552.89 4297.41 11 058.12 9 606.24 7283.47 7 832.7 4 855.68
2000—2021
i H/% 14.36 9.31 11.06 27.10 13.01 14.64 10.52
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Fig.3 Changes in the area of RSEI ecological grades in the
Fuxian Lake basin from 2000 to 2021



* 108 - PG TR AR

16 %

0.2~0.4; 14§, 0.4~0.6; 47, 0.6~0.8; {75, 0.8~1.0,
—J7 MR 0.2 Sy [ (] & — Az AR
5 oA 43 G A () FE ) 43 SR, SR 5L ) T
FEAS TR DX SRR FE ] R4 T LU 3, 495 6 38 A8 TN
BRO3E FHARTE s 55— 5 T, 5 G ZERE AL T B X 20 Hi A
e FEAR AL (22) B3 7 FARIRAS (PR 75 ) i A A T i i
Srilk, Hoh v S A S R MG AR, RS
P75 0 300 XoF o7 fe B A v T B A S R G, T 25 R 2
AR R IR EE R R X, BH5RIX 2000 —2021
4F RSEI £ 55 2 123 [l 43 A FHTE AR AS AL ] 4 s .

PN o Sl A AR PR T s ) 2 5l 2,
DI R A% o ) JRL T 0 BE AR AL R A8 JR) o 2000 4F, 18
A B 3 AR B 7% DX DA R A — I 75 45 9K (RSEL 0.6~
1.0) 0 3, S ITREE (5 Il 2k Fei oy N5 shi
B, 22825490 (RSEL 0~0.4) 5 L&, 2 0k
T, 2012 4R )5, RAFILT5 SR LA BT
ST T N L N BN bk e il N N = &= T
IR ARG X SRR S 4, o il A 285 el 1 2 A
BN — I AR A 25 o s 5 e e P R P R, i sl )
NG X A ZS B A T, A A b g A iR A

TR RT3 8T, 2000—2009 4, A2
iR T G2, 22 >R EFHIMF A B, (URFRHE
FI R 2l /NI HE U5 2012 AF S DGR 4 A5,
A5 SR T5 254 (RSEL 0.4~1.0) A AR 3 K, 25454
(0~0.2) LU R e, & 2021 4F, (855 — B4

A
=K i
() 20154

LA
=K i
() 20124F

PR TSR FARFEAE, 2255 90T %, ERUEA 8
TR AR AR R R R, AR A T R
g 3 7 1) A 3R A Ak, RSET 45 2 295 ¥ 435 452 1) 12 1 oy
BT

AR AP T e 1 2 (] AR AR AR 2R B, 2000—2021
A, PO A A I T 28 ) G2 18 AR P
R WR BB 250 L, DUSIAR R0 i A4
BRI B0 PR, 155 45 A A DX AR ST B )
R K s BRI 4R B, 2012 4E R EUR IR SIS A
SRVKZ VMR & T, #E Bl B 28 i 5 B U4 . RSEL
LGRS B AR A T B R BIUAE A E
BANEAF, SGE 2 ()45 T 50 23, o e 5
WA TS AE AR B AL T DA Sy T L B B A AT Y 5K
A, J5 L TE RS = ARG AR X, Biuih 21X
[t R, e A A 1 R A
2.3 AL A SR R E = B K BA M 4FAE
231 ARIEE DA

2000—2021 4F & il 1 i 38k I7 4F RSEI & 3K
b —ek % —Fa o B (& 5), RSEL YA 7E 2000—
2006 4F 5.3 T K&, 2006—2015 4EF4 48 [0 71, 2015 4E
JaaTRGE, X —2 b5 A SO TR 1) St B
FEVIG . AR HT S B AR S PR BRI LA B 1Y
23 [H] IEAH X (Moran's 7 18 40°4 0.25~0.33), H25 ]
RAEFHIEAE 2000—2009 AFH45%, 2009 47 /5 2% sl
A, WA AR T A2 T AR RS It (1A 5K

N

LA
=K i
(g) 20184F

(h) 20214F

4 FAL#TIE 20002021 EESHERELERNH

Fig.4 Distribution of ecological environment quality grades in the Fuxian Lake basin from 2000 to 2021
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AFIEAN T 378 38 1) PR3 B 45 SR R L 2000 4F
2012 4F 2021 4FEX} RSEI 50 &t K A 7 4R 24
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Table 4 Moran's / index for ecological environment quality

Ny Moran's I{H VA5 nam-s P
2000 0.28 21542 0
2003 0.32 230.32 0
2006 0.31 225.47 0
2009 0.33 239.36 0
2012 0.27 210.11 0
2015 0.26 205.98 0
2018 0.25 185.35 0
2021 0.28 214.8 0

T B g (AR, 2000 4F | 2012 4, 2021 4E ) HE
FEATIe: 9, 13X 2 BH 5 7K St 8 o) A 25 R EE I A2 )
/Mo 2000—2021 4F, AR ¥R K T R 04 i i 32
SRS IR A, g M 0.390 T ZE 0.449, X it
i o AL 7 3 A 4 B K e A AR A, AT 7 38k
A 25 R EE It 37 B 1) R M EORER
242 SCHRMES

% 6 MM R IR ZRZE R . W 6 7]
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i) 7 fe A, H Uk i T B 8 B NI D AT O 4R 4
(0.479) . FEAFESIREK 2 SRR ARG £5 i LAt R 5
ZHAEHY, FRREK RN AT EHE$(0.477) 1Y
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L5 55 o T AR S 0 Ho A R A EAE T H AR R OK
BN AT EHE50(0.577) R i T B R, Hik R 4E
PIR KNP (0.561) . 2021 4F, FEEHIfFK & 5
oA PR 22 BAE A, AR 4 R K & N i AR 4R 2L
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16%40(0.679) . TEFEIRR/K 2 S BRI H AR S 5 HA
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Table 5 Single—factor detection result
A 20004 20124F 20214F .
q He¥ q Fil350 q Eil352
X1AEBRE) 0.237 3 0.240 3 0.220 3 0.232
X2 (3 ) 0.018 9 0.020 9 0.020 9 0.019
X3 e %0 0.218 4 0.235 4 0.190 4 0214
X4(HHEIR) 0.080 8 0.088 8 0.073 8 0.080
X5 (RS 0.456 1 0.401 2 0.376 2 0.411
X6(=fe) 0.184 5 0.188 5 0.176 5 0.183
X7TAEBIFEK ) 0.390 2 0.415 1 0.449 1 0.418
X8( N 0.109 7 0.099 7 0.126 6 0.111
X9 EE) 0.158 6 0.145 6 0.125 7 0.143
F6 HALMFIHZEIRNELER
Table 6 Results from the interactive detector in the Fuxian Lake basin
A A X1 X2 X3 X4 X5 X6 X7 X8 X9
X1AEBIREE) 0.225
X2(3g ) 0.261 0.019
X3 MGHEEO 0.306 0.280 0.229
X4( L Heem) 0.247 0.142 0.251 0.085
20004 X5 (M AE %) 0.462 0.443 0.479 0.421 0.398
X6(@Ett) 0.307 0.242 0.328 0.244 0.451 0.182
X7EEHREK i) 0.439 0.461 0.477 0.431 0.501 0.450 0.415
X8(NHHRE) 0.280 0.167 0.263 0.174 0.453 0.261 0.452 0.124
XM ) 0.288 0.204 0.278 0.189 0.461 0.268 0.464 0.210 0.147
X1CAEARE) 0.325
X2(3 ) 0.361 0.119
X3 MEHEEO 0.406 0.380 0.329
X4( L Heem) 0.347 0.242 0.351 0.185
20124F X5 (M E %) 0.562 0.543 0.579 0.521 0.498
X6(@Ett) 0.407 0.342 0.428 0.344 0.551 0.282
X7EEHREK i) 0.539 0.561 0.577 0.531 0.601 0.550 0.515
X8(NHHRE) 0.380 0.267 0.363 0.274 0.553 0.361 0.552 0.224
XMk ) 0.388 0.304 0.378 0.289 0.561 0.368 0.564 0.310 0.247
X1CAEARE) 0.425
X2(3 ) 0.461 0.219
X3(EMEHEEO 0.506 0.480 0.429
Xa4( L Heem) 0.447 0.342 0.451 0.285
20214F X5 (M E %) 0.662 0.643 0.679 0.621 0.598
Xo6(@Et) 0.507 0.442 0.528 0.444 0.651 0.382
X7TEEHREK i) 0.639 0.661 0.677 0.631 0.701 0.650 0.615
X8(NHHRE) 0.480 0.367 0.463 0.374 0.653 0.461 0.652 0.324
XO(HEE) 0.488 0.404 0.478 0.389 0.661 0.468 0.664 0.410 0.347
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