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Abstract: Wetlands are important, unique, multi-functional ecosystems formed by the interaction between land and water
on the earth. They are an important habitat for human beings, with one of the highest productivity and richest biodiversity in
the natural world. In the past 50 years, with the large-scale development of land resources in the Manas River Basin, the
agricultural production water in the upper and middle reaches has reached downstream ecological habitats, resulting in a loss
of biodiversity in the Manas Lake wetland and increased desertification at the lakeside. The ecological environment is the
material basis for the survival and development of humans, and ecological environmental quality has a profound impact on
global change and regional sustainable development. The remote sensing ecological index ( RSEI), integrates multiple
indicators that reflect the most intuitive ecological environment based on natural factors, and can quickly monitor and
evaluate the regional ecological environment. Based on Landsat remote sensing images from 2000, 2006, and 2016, this
study used the RSEI index to monitor and evaluate the ecological environment quality of the wetland at Manas Lake. The

results showed that the RSEI index established by integrating the vegetation index, humidity, land surface temperature, and
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soil index using the principal component analysis technique has certain applicability, and could effectively be used to
monitor and evaluate the ecosystem quality and its spatio-temporal changes in this wetland. In 2000, 2006, and 2016, the
average RSEI index was 0.227, 0.183, and 0.234, and after ranking the RSEI index, it was found that the “lower” grade
of the ecological environment in the river basin was dominant. The “excellent” level has increased, and the eco-
environmental quality in the basin has improved. Climate change and human activities play a role in the eco-environmental
effects produced in the Manas Lake wetland; increasing human activity is the main cause of wetland degradation, and
extensive agricultural development over time has severely misaligned the population, economic, and ecological environment
of the Manas River Basin. In the new century, under the “Five in One” modernization of the country to optimize the
allocation of water resources, this paper focused on the large-scale development of water and land resources in major river
basins, with the primary aim of determining the ecological value and sustainable development of the tail lake wetlands.
These environments have important ecological significance for the sustainable development of the river basin and construction

of the Silk Road economic belt.

Key Words: ecological environment; RSEI; Manas Lake wetland; principal component analysis
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Fig.1 Sketch map of the location of the study area
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A (13) 1Y RSEL SR AR 2 X I AR 25 IR 85 R 00 1) 328 JR% A 25 48 4, 8 AR 8 A 28 i 8 4F, RSEL,,,,, |
RSEI,,, 73 M FERSEL 1 d5e/IME A e RAH

3 HBREHS

Omax

3.1 AERIEEIR bR R T A R

F1—3R 3 SRS IX 3 AMEG 4 N EARI ERU T as A . WRPATLIE . (1) 3 85—
WA (PCL) FI%E — F RSy (PC2) ¥ RSEL (1 5Tk R4 11481t 84% ., Hid PC1 XF RSEI Y 53k B, 2000 4F K
65.50% ,2006 44 71.96% ,2016 4F-4 73.83% 5 (2) 74T 4 A HEARTE PC1 A BTHRR , HA R LR E A NDVI Al
FRFIRE 1Y Wet 52 F AR, 4836 T B8 AR B 1Y NDBSI L, LST Sy 741, 33 5 B 52 v &% B R0 3 X6 2 25 FR B AL 1E 4%
D7 T R ok A= 25 PR RS S RGN AT AR AT 5 (3) E PC2—PC4 1 IX BB 48 bR Z IE Z 6, MELLfR B AR 2S
PG BT L AR oM Ay i PCT BB A b T A48 AR RAEAS 2., o] 00 El 3 8 A5 F8 4L
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Table 1  Principal component analysis in 2000

S5 2000
Parameters 81 £S5 PCL 52 TS PC2 8 3 £ PC3 5 4 WSy PCA
FEHEHE B NDVI 0.117 0.139 -0.983 0.020

W Wet 0.329 0.788 0.140 -0.501

A B T NDBSI -0.376 -0.361 -0.113 -0.846
HERIREE LST -0.858 0.479 -0.031 0.181

¥ fE{E Eigenvalue 0.0151 0.0043 0.0029 0.0007
FRIEME BIMR % Percent eigenvalue/% 65.50 18.78 12.59 3.13

NDVI . J3—1bL A #f #5 %4, Normalized Difference Vegetation Index; Wet: it J# , Wetness Index; NDBSI; i +38%, Building Index and Soil
Index; LST.Hb#HE  Land Surface Temperature

F2 2006 FIBWRERS DT

Table 2  Principal component analysis in 2006

S5 2006

Parameters %1 FW4 Pl o952 F4r pC2 %53 S PC3 5% 4 EWS PC4
THABEAEEC NDVI 0.187 -0.227 -0.838 0.459

T Wet 0.393 0.809 0.101 0.426
AR % NDBSI -0.509 -0.197 0.355 0.759
PRI LST -0.743 0.506 -0.401 -0.180
B Eigenvalue 0.0157 0.0041 0.0018 0.0003
FRHF(E DT Percent eigenvalue/ % 71.96 18.56 8.33 1.15

3.2 NI b A A T s S AR AR A B
4 Bat TR 3 ANMEG 4 ASFEFRF RSEL (93 b2z LK PCL far (B, Geit 4 R H,2000—
2016 4E[H] , HFFEIX (4= 2545 %0 RSET M 2000 4E1% 0.227 T RS 2006 4E149 0.183, FFE T 19.43% ; M\ 2006 4E )
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0.183 H4 /£ 2016 -1 0.234, 4N T 27.95% , 5313 4 T4 F8AR X PC1 B far 205 7T LLZ 3K, 35845 %X
(NDBSI) FlHb B (LST) AFRRIE (46 X B2 A4 R FAE AR S (NDVI) FHE R (Wet) FURRE(E 2 1, 22 B34
293 307 1) 40t - 38 198~ P R DX IR P X AR A S R E B BB SRR FH R T R 8 e A S IR B A AR AR AR
XoF A 2 T TR A8 ) % R B8 v Y08 2 1 o R 3 B A 9 M T X4t v 50 90 0 4 A 2 o o A FH B
Xof A 285 I I A 7 T 0 %) 1 8 R B v T B R SRR AR AR T T 4R R

R3 2016 FIRERDI S

Table 3  Principal component analysis in 2016

S5 2016
Parameters 51 £S5 PCL 52 ZIWA PC2 53 EWSY PC3 55 4 WSy PCA
HEBEFE R NDVI 0.065 -0.160 -0.732 0.659

TBJE Wet 0.274 -0.512 0.616 0.533

A 5H-$R 45 % NDBSI -0.402 0.688 0.292 0.530
MR LST -0.871 -0.490 0.005 -0.028
FRIE{H Eigenvalue 0.0187 0.0044 0.0019 0.0003
FRIE(E TIHRSE Percent eigenvalue/% 73.83 17.24 7.66 1.27

R4 BEM INIERNERESIES RSEI 5EiHE

Table 4 4 indicators of each year and the statistical value of remote sensing ecological index RSEI

Ay 4 TEBEHE %L e JEiSy R S o 44 Hb R I IR E SR AL

Year Parameters NDVI Wet NDBSI LST RSEI

2000 ¥fE 0.530 0.189 0.903 0.747 0.227
b2 0.056 0.068 0.057 0.110 0.101
%f PCI fif 18 0.117 0.329 -0.376 -0.858

2006 ¥ 0.493 0.277 0.886 0.719 0.183
bR 0.046 0.072 0.068 0.100 0.097
X PC1 faf 2R {H 0.187 0.393 -0.509 -0.743

2016 BifE 0.536 0.211 0.825 0.696 0.234
b2 0.037 0.058 0.073 0.124 0.113
X} PC1 faf gk AH 0.065 0.274 -0.402 -0.871

itk —2 % RSED #EA 72 Ak S5 nT AL AT, 4 3 30 F2 o AR 045 B 0 AR S IR BT s A8 B0 45 5 1) 0.2
SplaIb KR S AN ER R b s 2 R 2 IR, XA S I BRI & E AT g, AR S
M2 BT LU R i 20 AF A 18 B A S FR B AR S O, £ 68 R v A  TRER AR SR
o 2E s b  RARAEAS S, 4GS NG R FELIE P AR A i, R A Bk
M, P AR BRI R RE S oh Ehdh , 22 IR ST, M 3 ] RSEL EIAH LB E 2000 4FF]
2016 AFAF 5 XA KB/ FTi 1 21 (e AR B (X ek, 21 (0 7R A9 DX 2 B0 20 348 i s s/ | A € S B Sk /b I 3
T, B REAA b TR A s n (B AN R

5 LRSI E AR AL, 2 ARG, 2R T A RSEL B, XA ST T HEME , RIZK A 1mT
FUATIEAEN . (1)2000 4F 35 44 B 3 b S A 0 A= SR B0 AR 22 55 0 0k 3=, TR 7 LB 2 50% , ok ol 22
GG T AR L E R 41.78% , A K UL AR SR AU Y 5.01% ., (2)2006 4 SRR AR O 22 55900
T, ARG FN 76.19% A EE 2000 AETRIARBEGHN T 1528.36 km®, 4224908/ T 1387.72 km?, (5 2000 4
T AR 59.38% , W A5 S DL AR S SE G AR A 2D, 7 Ui 2 2.3% , (3)2016 AEAE SRR 2=
LN 57.47% , 255905 te R 37.54% , 1 45 Je DL AR S SRR AR T 7 L EE O 4.99% , 2006 4F- %] 2016 4F RSEL
HEIN A B LK 2000 4E2 2006 W0 B9 IEEE 5 L TRIES 2000 45 RSEL 2826k KAL) T AR L R 0.95%
2006 AEHE ALK 1.17% , 8] T 2016 4EFT (5 FL il 1.59% , 234 T LA Hi 2000 4E5] 2016 4F RSEI & EFRIR
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Fig.2 ecosystem index map of wetland by Manas Lake in 2000—2016 years
RSEI; 3% 3%/ £ 3850, Remote Sensing Based Ecological Index

£S5 HIREX 2000—2016 £ AEBKEIFN RN ERGE T
Table 5  Area statistic of RSEI level from 2000 to 2016 in study area

RSEI Z:4% 2000 2006 2016

RSEI grade A Area/km? % TR Area/km? % A Area/km? %
% Bad(0—0.2) 1835.04 41.78 3363.40 76.19 1548.31 37.54
2% Poor(0.2—0.4) 2336.94 53.21 949.22 21.5 2370.60 57.47
i Moderate (0.4—0.6) 178.36 4.06 49.71 1.13 140.18 3.4
K Good(0.6—0.8) 29.40 0.67 33.57 0.76 26.52 0.64
)t High(0.8—1.0) 12.10 0.28 18.31 0.41 39.04 0.95
At Total 4391.85 100 4414.22 100 4124.64 100

RSEL; ## /8% : 2535 %0, Remote Sensing Based Ecological Index

3.3 BN INIIE M AR 2SR s 25 F

T 5y BT ES AR R M 20 AR R A A BT B A5 25 AR AL TESE T RSEL H8 850 0 Al L, X 35 298 Hir 08 0 b
2000 4 A1 2016 4F RSET #8517 22 (AR ARG I, A5 20 1A 3, B £ (3 40 3R A A5 R B I ht A8 22 A X d; o
AR A S IREE T WA B AR A X8 ; 2 (0 A 3 AR S IR BT i i 8 T el 1 X, 36 6 S T 0 B i b
mm—mmﬁmmﬁmﬁﬁﬁ+TUﬂ@:%ﬁ$ﬁwmkﬁwainiﬁi M 2000 4 3
2016 4%, HH 20 B I8 A A8 IR B IR DA AR sl AR A A /NI TRTER R 3543.00 km®, (5 SV TR Y 87.8% 5 2E 345
ARV AT A 8.18 km?, (5 ST AR 8.18% ; AE S FRERIR I AR 25 BT AL A 4.02 km?, HAF K 4.02%

XX AR IREE I 5 , SRR SRR JT 2 B, S R AL . R 3 ORE A A i AR 22 1 IX I,
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Ry, SR KGR EERRT | X SR
(A A 25 ER B A 245 SR — 3,

4 Tig
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Fig.3 Detection map of RSEI change of wetland by Manas Lake
in 2000—2016 years

2 WEFT 2 S I A S A TR IR o 1R 4 B g 0 1 M A S 2 SR AR R K AR AR AT LA Y, 1988—
2016 4F , 343 I b [X. 9 4F K i FAE YU 52 DTk [/ S5 R E N3] 59 A 4% I i AR L AR A, A8 T 1 DA
1988 4FAY 5x10° m B K F] T 2010 4FE9 16.57x10° m® , —EFE B L3I T XA KR &, 16 7 L3R

MR
x 6 IDYAHTHIREH 2000—2016 £ RSEI 4l
Table 6 Manas Lake wetland for 2000—2016 years RSEI detection
B S| 2000—2016
Class 2 Level &I Class area/km? IEFL Level area/km? He5l Proportion/ %
A5 % Degraded -4 1.34 162.23 4.02
-3 2.43
-2 6.48
-1 151.98
A No change 0 3543.00 3543.00 87.80
AR YT Tmproved 1 295.83 330.25 8.18
2 25.73
3 7.71
4 0.97
300 r 1 10.5
10.0 g
s 250 . g
£ 9.5 g
£ 200 | g
% 2 o0 EE
# 5 150 i
& 85 & 9
< 100 | S
g 8.0 é
= El
< 50 b 75 5

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 70
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Ay Year

4 BMETEMETHKBMERKEEN

Fig.4 Change of annual mean temperature and annual precipitation in Manas Lake Wetland
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