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Abstract: In order to advance the ecological conservation and high-quality development strategy of the Yellow River basin, taking the alpine
wetlands in the Yellow River source as the research objects, based on 22 Landsat remote sensing datasets from 2000 to 2021, we used the cloud
computing platform to automatically process and extract remote sensing ecological index (RSEI), and analyzed the spatio-temporal change
characteristics of RSEI, to comprehensively monitor and evaluate the ecological environment quality within the region. The results show that the
average RSEI value exhibits a fluctuating pattern with an initial increase, followed by a decrease, and subsequently another increase, which
reflects a change in the ecological environment quality of study area over the past two decades, transitioning from degradation to improvement.
Moreover, we comprehensively explained and examined the ecological changes in the study area, considering both climate change and human
activity, which could provide a robust scientific foundation for understanding the wetland ecological current state and developing
evidence-based and rational strategies for its protection and restoration.

Key words: the Yellow River source, alpine wetland, ecological environment quality, RSEI, principal component analysis

RS RGO R bR AR S IREIX 2
—, WAHFEWEY ARG 6, N
N TP S | A BRI A SR
%o LS RGR R IR R A, W
JE VPG A BRI AL AL Y SCBAR R BT e DX P9 Y

FLBRTA . SRER R BT Sk e K AR K A, PRI
BOTEOK R A T AR ) Z REE 2R X AR
B 2 R R . A RIS . AR iE Bh
SFHARNR LA . BT RCE A G, KT
Qe N AL 2 IR ZE M ™ A 48 A 25 PR5 i A



%023 5% 74

FRBAAA . WOT IR AR SE M A A BRAE R AL S N SR - 97 -

ORI, WA S IREE AR 3, Xt e A S A A
FRETT, fRUCARIRAS AT R Y S (0 i (0] i 45 A
B o 1B AR R AR AE | AR RUBE )z i
. SCEE AT PR A R R PR AR AL A
R W DX A A A R TP, a2 5 R IR 3
J7 0 T AE SR I B Y, AT P AR S
SR, AEXE DLZE A T M SR FRAE 0 52 2 1 Fn 2 4
PEo ARSI IR A, A AR
(ED) . BEAESE (RSED . ABLZEE T a5
(CEED) ZZiaMiFm s midz, 8281z
Fo RSEIHZRMRFKHE , RES A 8 RGN TR 2E
RZBPMHBEAERMER ., SEMHE, RSELEATR]
fifr gtk . AT RO AT AL SRR AL, WP SR L W
TR SEEE TR, AR A
Fil o WGAh, e bR A CE A (3 A 52 AT Hs e,
R T PR S5 R PE . Wang™ . Boori 4613 3
RSELPEAL T 5 1 4% SR AR FIME S 17 5% S 4 h X A= 2
WEE i, BUE TR RCR . BEITE =13 68
T B PR AR R A B T AR RN T Y, R
ZHONA B0 LA TR AT I K S R A
oA 55 AR XA S A B AL 2, XA 211
RV & FEH XA S R G AR T3> =
B B FFIREEREE N A B A ShAF A R A T
Sk, HoH =k T T AR HB R A PR
ST (1] 470 P 228 S A Bl TR X P v B 25 T 2 R/ 3L
ARG . R TS A R

1 HRXENR

YRR XA T b (34°107 ~35°65' N |

96°80" ~100°15" E), HuAb I — VIR EZK K A SRR
X B XOEYHER R 4 294 m, JCERFIEE T A
MY e, H A P b — 2R R A ] AR TR R Y
Hiu o A EL B BT LA E A H R A2 S8 il
VRG220 578 A T v A LB A FLE M T
J&, AEE BRI L R R A, RS [ A TS
2N, LD ASRBI™ B IX AEAE 10 H ZERAR
4 AR SIRSTEOCLL T, 4E4/SHR A-3.6°C, 243t
SAGSAFRV AR AE A8, Ry R A ARt e
JES e, AERRK R 200~400 mm, & TR T 5

2 WARBGE

AR IAKFET Earth Engine = 11545 IR 55 F & 245
BRI RSB SE, FRERGE At
PRI, R 2RI B (8] )7 51 B9 F 5% X RSEL 04 4E o
WHFE 7 P HESE ol 3 B AR . B b B . =35
FAEE RSELALTY 3 NI il, M Bt Ar st . AH
BT AR b B A PR, R . A2 AT
AT, 38 T ] A (A2 5 A PR R T
2.1 BRI S mikk e

AR 2000—2012 4 Landsat7 204 . 2013—
2021 4 Landsat8 %4 . MODIS #b. 2 35 B 52 38 i 9 4
JRCAEFE KR4 (1) W itBEr& E
HEMMH, KKEA T8 a1 2220
=2 SR B R R, AR S HCEE T R BER A
[, =@, BRI A1 Landsat &A%, I
TERITERTHET = )2 UK IR B G AL B, B A
O, &FHEXETHEESYRITFEL (http://www.
stats.gov.en/), . FEZK SFRCA A IR T [ 54 5 8 R I
ZOBHHL (http://data.tpde.ac.en/)

bS] Earth Engine -5 4 el IFTR] 2z [ 3PEs
Landsat7 TM 514 FEHFURE  (hitps:/earthexplorer.usgs.gov/) 1d. 30m
Landsat8 OLIZ 1% 5% [ e T B A 16d, 30m
MOD11A1-LST £4fi e FLEEZEMEMFKT (https:/ladsweb.modaps.eosdis.nasa.gov/) 30d. 1km
JRCARBE AR 34t WK 2% L 2 Ar iF 98 0 (hitps://commission.europa.eu/) la, 30m
Sentinel-2 117 5 7= i ESRI & Impact Observatory (https://livingatlas.arcgis.com/) la, 10m
2.2 RSEI FI, Earth Engine = - 5 18 & 98 F AP 42 i %) Nor-

RSEUKRSREE | MR . T AT 458
JoT it B VAR G PR AR b A TR G, AT WL A A5 3R
B, RSEI FZET AR 1™, ANMUsdlk
TR SEARPEN R BR A, T ELAE AR A5 A AR AL R
SYECERAA R RIS AE S (NDVD) | 40
(Wet) . H3EFE%C (NDBSI) AR (LST) /EH
R WREE . TRERER PRI HAR P,

1) LRIEFRFRSAEY M T EARTE A B A
Y s YIS, JE R IR AR KRS B R s A

malized Difference 1134 NDVI, HE H shib FEHE G
EANTCRE, R T D Ui A A A5 )
2) WEAENS . FFXF AR B Landsat £ /& 4%, Wet
TR AR
Wet(TM) = 0.031 5B, +0.202 1B,+0.31028 +
0.159 4B —0.680 6B, —0.610 9B, (1)
Wet(OLI) = 0.151 1B, +0.197 3B,+0.328 38 +

0.340 7B, —0.711 7B, —0.455 9B, (2)



. 08 . w32 % i 45 &

%023 5% 74

AP, B,. B,. B,. B,. Bg. Bg, 55 TM HIOLI4L
WWEOE . gt gt Tash, mkash . Rk
21 AN 2 B

3) TEEfE R TR, LT o
MBHA S RE M. TR (NDBSD H#f+
RS Fad SR 5 (IBD) i i i3 5 Al A AR
Cov B)IIBGTEATRNN, LAu /NS 502s 5 T
FEARAEE

o [(Bs + B,) — (B, + B,)] (3)
[(Bg+B,) + (B, +B,)]
2BSI Bn Bg
By +B, |B,+B, B,+B,
IBI= (4)

2By, B, B,
{BSI 2B " {Bn +B, "B, +BJ}

4) PEFEAR. EROV FELST b, X
T M FRIKIGIR S T PR E N . A SO T AT
BB HRHE MOD 1A 1-LST iR it 5 atr . 8
1t MODIS S Hlt 0L 11 7 A9 B ok s it H ] L 1] )
LST, HAJEFEaEH . B8 K. B H AR R
FRE A B , LA S BRI 5 X PR H b 1) e
1IN
2.3 RSEI 44k

A SCR FH FE AT 53 B 10 8 RSELBE Y | 4 4
BELRE. TR, EPREEGEREAIE—FM
gy b, HEHBELLRR—FRARIIE B, kG AR I
T PR AT X RSEL W SE A o K U0 — 105 19 4548 7 (e E

R AR BH GRS SR, T
ERS A, 135 PCI~PCAMGEITEE 0. T PC1 &5
G TSR FEE R, R CER X Ha rhn e feat
B, i RSELH I EM.
2.4 Pearson LR

Pearson AHC R B0 12 1 FH T [ 28 J8i 4 2 1]
RS P RAIEAS A 34T, el B AT R AT AT Sk Y
B, ¥ BN E T Reducer Pearsons Correlation
PR, AT U A iR R bR Z A AR DG 2
BRI, KRB

_ Z(xi_x)(yi _)7) (5)

r=
D e-Y -

v, WA S OWIE ;& .

Kb, x .
AR (A

3 WRERSHH

3.1 RSEIBVfIEE R

HH 2000—2021 4 22 W1 %5 4is 1) 3= 433 B 45 1 AT
A (2. 3), PCLITTERAEIIRIL T 65%, BEGF44>
FEhRH I FEAE B 54 PCLA A NDVI A Wet & 1E
{H . NDBSIFILST S Mfl, X S5H#EFKSEESR
Gerp AR, b T AR EE A A AR R AR
Wit Wet MINDVIEE R, 4388 Sk bk . AEw
TERRAT s T LST A NDBSIAR R, W) 3852 S Ab A% B
Jal, BRHLEARRG . AR T, RIS
. PC2~PCA HhesbnfE R/ . IEASA T AL, X
PLA B RRE I8 X B A A8 1, PRLIAR SR PCT A
3 RSELE7I

7N

et 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
NDVI 0.41 0.27 0.38 0.28 0.32 0.29 0.33 0.55 0.34 0.41 0.36 0.39 0.21
LST -048  -0.32 -0.64 -0.34 -0.34 -042 043 073 -025 034 -053 -043 -0.56
Wet 0.65 0.76 0.67 0.86 0.87 0.75 0.73 0.29 0.79 0.82 0.52 0.79 -0.75
NDBSI -0.41 -0.47 -0.03 -0.22 -0.08 -039 -040 -0.17 -041 -0.17  -0.05 -0.17 -0.14
D& 79.90  80.54 65.73 74.82 71.78 79.36 7498  69.64  84.45 7848  64.11 76.69  76.86

FEbRZE 2013 2014 2015 2016 2017 2018 2019 2020 2021

NDVI 029 032 043 041 033 038 037 042 0.36
LST  -0.38 -0.51 -0.38 -0.39 -0.42 -0.45 -0.33 -0.37 -0.29
Wet 0.59 0.77 0.71 0.70 0.71 0.62 0.75 0.62 0.81
NDBSI  -0.64 -0.19 -0.41 -0.42 -0.46 -0.52 -0.42 -0.54 -0.24

Tk 91.32 76.74 71.17 68.69 85.01 80.99 85.58 72.90 70.24

ARICLLS aflalbg, THE T R 4448855 RSEL)
Pearson fHOEZR 4L, 45H UL 1, RSEIS NDVIFI Wet 2

TEAHDG, RBZEAHER K, 5 NDBSIFILST A,
FEAEHERN, BFFEIHIE 2 4845 5 RSELAH ¢ &
BAE1%K TR E . STabn 0 BA SRR R
RSEI > NDVI > NDBSI > LST > Wet, iffi i Pearson #H
KRBUGL, JE—FI00E T AR SCH RSETE RS 1 45 %4
PERTATREM:, HHACRME R TEEM R —F8h5.
3.2 Wl e TR 2k S I A AR S B

%211 2000—2021 4F RSEIYIME & BL, RSEIH{E 2
JoTtwEr . JEREIR. PR S, B XA
APEEAEIE 20 5 M 2807 1 i B ARG i 28 . (E



#2355 74

FrE IR, EOT IR R M A A IR IR AL e N SR - 99 .

LST 2021 4 LST 20164

NDBSI

_0.354

|-0.357

NDBSI

NDBSI |-0.223

Wet |-0.470|-0.354

~0.592 NDVI |-0.581/-0.542| 0.769

RSEI |-0.866 RSEI 10.882 |-0.410|0.702
LST NDBSI Wet NDVI RSEIL LST NDBSI Wet NDVI RSEIL

LST NDBSI Wet NDVI RSEI
1 &¥54R5 RSEI AR
H 2000 411 0.335 71 2 2009 411 0.509, 5 %] 10 4F 6]
MR KAE s X2 20154519 0.254, TR T 50%;
22021 4E190.421, 3R EL 65.7%, DilIbE X A3
A T s AR, BT bl XA A AR R
S A T K-

HE CEBRAREPEN BRI thABIE 5 H
FRUER, A STRIFSE X RSELZSAL#ET rT AL 234, LA
02 MR, W22 WRSEL I 2%, B2 . B
SR, 45RFM (E2), 20 40 w5 5 98
T A S IAEE AR HAT B A 2s (B S o, o AR
ERVIZER I FE N H R 22.7%, RSELNAMEALF
0.4 FIAEHY 5 HL BT IK 63.6% ., 2013—2021 4 RSEI § 14
K15 2000—2012 4 AH LG, HRR R L AR A S R AR
LB BT, s BREIDE @ R, e,
R B AT AEFLIR T . S T %) A 3 e B 0
HIFE AT, dm P XA £ 2N miass, &
FLE I 80%, MIAFFE X AP b A P30, A 75
AR 5) 5% 1 A2 oRK 3k S RS, A
BREETE; WX AR AR th oA > 5V EY
ARG, Nz ERNRL, KEEER, RSEIRE
B, HE A 1) 3 AT
3.3 ol e Ak S TR A

SRt — 25 AT AR S AT BT YA v TE R AR A IR AR
1k, XHIFFE X 2000—2021 4 RSEI FEA7 50 25 W i A1 22

2  EEEH 2000—2021 4 RSEI #15 &
HES: GS(2019)3333

EoHT (B13), S55REM, AT B AL X I
AR, H96753km’, L R53.91%; HikhA4
BASFIX I, A5 293.3 km?, R 29.20%; 4k
AR KR F N 3 0311 km?, [ L 16.89%, HA&K
M, AAAR2E K FEEP MR XL, ARt
W, FAFSE X DEM AIAL, Z XKLL IE £, £
FER A BEHOR AR, W3 . R, &S
I 5y 52 R B RN T BE AL [R5 Az AR A Xl
AR AE SR WA A AE X PU RE 5 1), % X S A 4%
SRR ERIIUR R A oo VA BV B Ak A Sy 2P,
X HHOK A R R, BT T KSR KIS
i, WREEXT RSELW DTMRk A 3, X ol 1 b A S A
BEHABAER .

21 £5]

[ FINZS

| B39

IR 0 30 km
| B [

3 2000—2021 4 RSEI ZZ 1k 1& i)
HES: GS(2019)3333
3.4 FURRISPDRHIRSE DX A 48 i ik 1) 5 i)

R WSE . TR IR RRA TR
Y RSELSE TR FE AR A b, S L 28 Y 058 725 €0 b 1) A 25
IASERARIIE o BT 5L ] DX A 4 T R A R 7K o ) AR
P4, 755 i b DX A=A 1) I Ay o) A J 1)
TR0 el DX A R K R AR R ORI ]



- 100 - #,32 % 6 15 A %23 5% 74
s wié
a3 3.5 AKX IR A% 0 S
5301 (PR K 2 L, A% 4 200 m,
%jg JATERL A 25 253 k?, A AIARFI2 5 A, DINERK
10 O R . PP S TR, XA E 1.24 77 A
0 F 16177 N, GDPHI 2876 JiouH & 38 150 /oG, —
BT A 3o 2 DR e R 5 T
T3 2 B ) K R, VR L MR A
VB R Fe R T T S B X s el
ool RTINS, SRR AT, 5 2000—20144F 2 ik 75
2 500 PR YIAIG . 16 EZARY HBON AR & 2 5
o AP R T (54), R HOR T i
20 BORIERIS MUK AL, BRI s, 3
N T MR 36 AR TY . B ST A TR R
SEEESEssEsszsszssz2228 Wifesh, X — RO ILR A PER 575 20152021 4F
4 X A2 R el i
b HREKE 18000 50000
16 000
14 000 40 000
AR BT RIRE K SR A R A A, (2 A < 15000 130000 E
BEROT SR RN, X2 M S R G R ol 20000 5
WA ZREPE LA B . e 2. 3T, SR 4000 10000

T B2 X} RSEI %) o ik 2 f e 5 1 8 X A IR0 A9 1 1)
TRk, R X AR ORI ) RO B
X B K 20 A 1] 2 FE b XA A F I 2% 1) IRV ) EA AR

CoOoOCcCoOCoCo OO0 OoOOO
Lo\ BN N BN oY BN I o B o I o B oS BN oN I N

A

AREHE . TR St A] ROR

B IR DA T SRR REAR 359%,  LRRAK T 3
W, BRI B 40%

BRI, ORI EAT 30%, SSHIX AR

IK AR 20004F

AR FRAAL 2005 4£

JKFB http://www.mwr.gov.cn/

A R AHTIT http:/mynct.qinghai.gov.cn/

TR V0FNER T 25%
T ottt ™ R it ol AU hpsscs i gov.n
A 2017 T sy | I3 A hapss.cinghat ov.cn
AL i oot PV s e A 52512 s e oo
4 4 B AR B AR AL A S A5 A AR DU AT 32 T, o

T B[R] F 81 B R S B (8, A S
HEF R HTE S SR B T HAE G . 2]
AR S FREE T W 5 DA i LR 0 . AR SCRIH
IS A sl #15 $EECRSEL (19 7 20 2 i
e TR A IR AR T T YR LR VAN . 45 R
EW], E204ERSENSE T AR BIARYsh
e, BERAOTIE XA S PR A 20 4R R 227 1 AL 3]
MR REEAE . RS R X A SRS R LI B 25 32, H

T el DX A A1 DA AT 3 A T G KRR AR X R
X, JERH LTIV ) A R A AR PR, X
ARG A AP B AN RS R B R R T
PO W2 T R RS E A RIS ,  BA T T R AR A
PRAP ORIy Joit e i e, ) 3 i el DX 34 el 5 i 14 4=
FOSZR: 8

SEM

[1]  Zhong L,Ma Y, Xue Y, et al. Climate Change Trends and



%023 5% 74

FRBHARAS . ST IR AR R M AR A ERAE IR AL WS N SR - 101 -

(2]

[4]

(7]

(10]

[11]

Impacts on Vegetation Greening over the Tibetan Plateau[J].
Journal of Geophysical Research: Atmospheres,2019,124(14):
7 540-7 552

Ostwald M, Chen D. Land-use Change: Impacts of Climate
Variations and Policies Among Small-scale Farmers in the
Loess Plateau, China[J]. Land Use Policy, 2006, 23(4):
361-371

Wang N, Guo Y, Wei X, et al. UAV-based Remote Sensing
Using Visible and Multispectral Indices for the Estimation
of Vegetation Cover in an Oasis of a Desert[J]. Ecological
Indicators,2022,141:109 155

FRA R, — 4, F R T GIS#Y R M AR M
A mHIEN]I]. H22 = 4% 8. ,2023,21(9):27-30

Liu C,Wu X, Wang L. Analysis on Land Ecological Security
Change and Affect Factors Using RS and GWR in the
Danjiangkou Reservoir Area,China[J]. Applied Geography,
2019,105:1-14

Shan W, Jin X,Ren J, et al. Ecological Environment Quality
Assessment Based on Remote Sensing Data for Land
Consolidation[J]. Journal of Cleaner Production,2019,239:
118 126

PAEME, BARA, B, R T o NDVI# B £
AR BT ALK FF RT[)]. 3B 1942 8, 2020, 18(5):
54-60

Piedallu C, Cheret V, Denux J P, et al. Soil and Climate
Differently Impact NDVI Patterns According to the Season
and the Stand Type[J]. Science of the Total Environment,
2019,651:2 874-2 885

MRAAE, L. KT % R B RE 09 TF # By A2 5 AL
HAFR[]]. $oF2F 18435 8:,2023,21(1):119-122

JiJ] W, TangZ Z , Jiang L L, et al. Study on Regional
Eco-environmental Quality Evaluation Considering Land
Surface and Season Differences: A Case Study of Zhaotong
City[J]. Remote Sensing,2023,15(3):657

Zhang S Q, Yang P, XiaJ, etal. Research and Analysis
of Ecological Environment Quality in the Middle Reaches
of the Yangtze River Basin Between 2000 and 2019[J].
Remote Sensing,2021,13(21):4 475

Li N, Wang J. Comprehensive Eco-environment Quality
Index Model with Spatio-temporal Characteristics[J]. Sen-
sors,2022,22(24):9 635

B, R A SIS H A AL B R[], A SR,
2013,33(24):7 853-7 862

Wang D C, Chen X, Sun Z C, et al. Monitoring of Changes
in the Ecological Index of Long-time Sequence Remote
Sensing in Golmud, Qinghai Province[J]. ACTA Ecological
Sinica,2022,42(14):5 922-5 933

Boori M S, Choudhary K, Paringer R, et al. Spatio-temporal
Ecological Vulnerability Analysis with Statistical Correlation

Based on Satellite Remote Sensing in Samara, Russia[J].

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]
(29]

(30]

Journal of Environmental Management,2021,285:112 138
Zhu D,Zhou C,ZhuY,et al. Monitoring of Supraglacial Lake
Distribution and Full-year Changes Using Multisource
Time-series Satellite Imagery[J]. Remote Sensing,2023,
15(24):5726

2=k, 1% &, 3 T Google Earth Engine =T R K &
FRIBHFF[T]. = JE4Z 8- ,2021,19(12):77-80

Wang M, Lu H, Chen B, et al. Fine-scale Analysis of the
Long-term Urban Thermal Environment in Shanghai Using
Google Earth Engine[J]. Remote Sensing, 2023, 15(15):
3732

Yang P, Zhang X X, Hua L Z. Analysis of Urban Ecologi-
cal Quality Spatial Patterns and Influencing Factors Based
on Remote Sensing Ecological Indices nd Multi-scale Geo-
graphically Weighted Regression[J]. Sustainability , 2023,
15(9):7216

Sun C,LiJ,LiuY,et al. Ecological Quality Assessment and
Monitoring Using a Time-series Remote Sensing-based
Ecological Index (TS-RSEI) [J]. GIScience and Remote
Sensing,2022,59(1):1 793-1 816

Tk, R, FREME, ¥ AT GEE 4 45 A AL Y
2 BACHHFAE B IRH) B F 547 [T). HB2 2 145 6:,2024,22(2):
55-60

BEAEN, B R IREAR, . TR 5 B3 AP R A R M@ AR
HEFRLT]. FiBR (A RHFIR),2015,33(3):45-51
Ma W,Bai L,Ma W, et al. Interannual and Monthly Variability
of Typical Inland Lakes on the Tibetan Plateau Located in
Three Different Climatic Zones[J]. Remote Sensing, 2022,
14(19):5015

R, B RF AR, A TR RSB TEHR A
A E EAHHI]. HeB2E 10435 8:,2023,21(7):65-70
An M, Xie P,He W,et al. Spatio-temporal Change of Ecologic
Environment Quality and Human Interaction Factors in Three
Gorges Ecologic Economic Corridor, Based on RSEI[J].
Ecological Indicators,2022,141:109 090

EmA, BA ORI, . R T B A S IR0 AT 58 B St
AR S TAGEN]T]. AAIR,2019,39(8):2963-2 972
Zhang K L,Feng R R,Zheng Z C, et al. Exploring the Driving
Factors of Remote Sensing Ecological Index Changes from
the Perspective of Geospatial Differentiation: A Case Study of
the Weihe River Basin, China [J]. International Journal of En-
vironmental Research and Public Health,2022,19(17):10 930
& BRBR VIR HAILTEGRAT):HI/T 192-2006[S].
Ashok A,Rani H P, Jayakumar K V. Monitoring of Dynamic
Wetland Changes Using NDVI and NDWI Based Landsat
Imagery[J]. Remote Sensing Applications: Society and
Environment,2021,23:100 547

AL, RAER, B ARFE, . 2000 £ 2Lk H & B @R
TS B A F oy Lk R[] #a A S ,2019,312):
573-589



