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Abstract

Multi-temporal Landsat imagery from 1977~2020 was used to delineate the water surface area of
Wuliangsuhai Lake via an improved Normalized Difference Water Index, and semi-empirical models
retrieved key water-quality variables—chlorophyll-a, total suspended matter, total phosphorus, to-
tal nitrogen, and transparency. The spatiotemporal evolution of lake area and eutrophication, along
with their drivers, was examined. Results show a “first increase, then decrease, and gradual stabili-
zation” pattern in water surface area, peaking in 2008 (375.43 km?) and stabilizing at 333.59 km?
by 2020. Eutrophication intensified from 1977 to 2009, with the trophic state index rising from
42.65 to 54.62; following ecological water supplementation and integrated restoration imple-
mented after 2009, the index declined to 50.18 by 2020, indicating emerging effectiveness of these
measures. The findings demonstrate the effectiveness of satellite remote sensing for ecological
monitoring of shallow lakes in arid-semi-arid regions and provide data support and decision refer-
ences for the ecological management of Wuliangsuhai and similar lakes.
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1. 5|15

T8 - 2T R XA R g sh 5 NSO B, HoKIEIH AR 5K S8 (43 a.
SRV E B IR ER I AR R AT K AR 2 SIR ST SR AE . SRR T
FREX” Ry, KIHAHREXGR K E S0 DRe, [R5 2 X I E 1) 5 SR (2 5 M b A 25 il 55 7K 3
o BZANENIISAT . IR PR 5 W RRE IS 2 B R IR, WA S IR - dEBR R
I B [1] (2] ARARMK BAE — € N N A B T # RS G f Aa e 7K TH , (H H K 7 75 4 & (COD).
SVE(TN)ZFEFR AR I OGS R B 1 SO E RTINS v (3], [RIG, e “Fari - 3257 BRE Hir, TR
5 B2 /KI5 7K B S 3K 2 BRI, nT oI IsE B S P v BRI AT & SR AR s 5 o
WA

PR AR A SUE BRI K SO )RR B, RO R BRI AR SR R34
WS o 4% 35 28 o B R [4] [5]. BE# Landsat. Sentinel 5 [ ™ 55 0 (GF)&% v i 43 W R Hdfa 1y 4 4823
N5, IKARFEBE (U Normalized Difference Water Index, NDWI; Modified Normalized Difference Water
Index, MNDWI) C g Al SERBIR IUKIBEIARE B [6] [7]: RIS, FT 0] W BRI LA BOGIES B 2
B (AL LR BN I T ), NEKSH N4 av SR S MRS 12 Ak 5
POt T A BORAE[8]-[10] o I8 I Xof 12 8% S e 45 S -5 b [ S B8 S5 MoK Bh 20 BEREEAT B [F) 43 5 A 1A
AT SEIURHEIA KB B R RIS TS VA

5 G R 2 R SRR SO TR G ARVRT R, AR A i B\ ORIR KT 2 — R st 3 — Rk, R
“CHEHNHER” Z R, g R AR E I RS e e B A CEERI[11] [12]. IRk, SRR “TH

DOI: 10.12677/aep.2025.1512179 1665 LR AT U


https://doi.org/10.12677/aep.2025.1512179
http://creativecommons.org/licenses/by/4.0/

et 4%

- KR ARSI T R R . RIS AR T T, MNDWI #i2 F TR R K X i
Ft, e A ARRMER K ST AR T S B, AR TE T 2 PR I — 2o [6] [13].
SN RS 2R MK A U B R SE AR T B L A B, S RGN BT RIKIR WS, LR
1 FHER R KRR IE IS 12] . TE/KIRSHURIE T, 2T Sentinel-2 55 i 7 2 540 5 b i [7] 5%
B, RIETEHT SRR HMNEER a RIEBEIUNSGE XGBoost HLaE AL, $ETF 1 #E2 W Ifryisf
TR S ETE R 14]; RSN, BB/ EE 18 F 54U Nechad TSM #5278 . Dogliotti
PR Bk B R R BU RAF IR AR 10]. BbAh, BB SESE RS KB R H KR B SR R 7T 1 4
BIREHIEZ . B, 8 IR R AR R (COL/CHY) IR 52515 2 A3 8 e Bk se2], midE4b
KX COD. TN ZEF AR IF B i S LR BR M RGP, A “RR - #2007 &SRB gt 7l
FAEIEHE[3]

SR, TR EREX TR PO R B S5 1 = N, SR RIIE T IR KR R A& T K
B EK AEiETEKS RS Y, SEFUKRE SR H R, SIS RsLIE L
[15]0 AT BUR Lt | 2 LR AR B4, HOUE T 2 R T — B s i IR R, = %K
25 AR S35 7K A58 5 B 2 1A B SR IR A £ 2 N, LT X LA R B VAt Y B R K

ST, AL MNDWURME &M 5 E MU, WEZER— S S, its
SERFIKEIAP AT XS, B S R RGN RA B B T AR 3 SRR IE, IR LSRR E
WERBOARE, KRG EFENY - FE k. FHS 28R A SRR KSR RS T
MR G RR, NS TRZMG BRI i [F) 25 K R B2 5 35 G A7 Ao )R8 (L P 48 R PR 40 6

2. BIEEF*
2.1. WA

B AL T NS IR X B R T SR R AT S Y, BB R AR, ABARAR 1L e A A
PR, RIGSRLEAR L, PE. FER A AR AR, PR I EEX AT S A
E, RIS SE R 2 T R B R T X (R 4 = At o X AT LSS 40°46'~41°08' 5 R &
108°41'~108°58' 2 7], /KIRE R ALK (35~40km). HRIGEKIBKILESG~10km), HFLEKL 122km, 517
SPY RN 1018.5 m, SATHIFRZ) 300 km?, WA &R 2.5~3.3 14 m3, WI/KIKEZHXIRAE 0.5 m~2.5 m
Z 18], HRIRAEEH] 4m, ZATFIYUREEAN 0.7 m, KA K ARG N A 5 BE B 7 TR A . %X s 5
AT RIRREESERE, PN E/DEEY 224 mm). 28K 2R 1502 mm), FHSE 6.9C. BE™
2, UKEHRZN S A, B KA HIAE 9~10 A, ARKALRAETE 5~6 H o SRR i B B X R H
WKL PR RN, KA I E R RE 40N 7.45 mg/L. pH EFHZ8 8.84. &L ETHZ N 1.84
mg/L).

2.2. HAEEE

(1) BRI

ASCIEIR 1977~2020 4[] Landsat R4 TLREBBERAR, bR RE FELEWHTE AT 3 R).
ZERASERBE R IIX . PR BAT TR AR KRR RAIE, FFRH =M. %
5PN S L GRBTSF TR bR R BT . RAIETEL 31 MR ERE, REEHOR 1977,
1986~1988. 1992, 1994~2011 J% 2013~2020 4F.

() KIX[REEEEIE
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KA 5 AR S A K O RV T A 52 T DO L R 2032 DK IS %, E4E 1984~2017
FEE 4 HE 10 JRZBHKAESE, LU 2000 4 LUE KRS . BKEERRIET WEE AR IX A
FJms, NSRAFETIE 1977~2020 ERIGEY S H BIRKE . B % HI T /K sk i AR B2 B 7K 5 28U i
S5 R EAT 2 IR S B R Z 7 -

2.3. ARG E

(1) KRR
BT ARSI o e SR RIS A — 22 57 KRR E (MND W), {2 BUKIIH L. MNDWI
BTSRRI B RSB B A — A AEOR A, LSRR KR AR SR e BSOS R B, TR
WAL SN BB BA SR SRR, IR ARE A X K iR 5 Bt 16]. BfkitHAK:
MNDWI = (Green — SWIR ) /(Green + SWIR ) (1)

H, Green NBMEEGIEEL, SWIR NGR4T /M B .

TEFREUSFEF, DL MNDWI > 0 1E N BMERET /KRG 070 5, SREID KA X 35 B i 45 5% v %
A, B ES R R B S S A T, B R AR I S 15 B HE A (T K S8

QKBRS R

a) M4k a

55T Landsat 8 OLI (4 AL E 2RI 17], RIEMEEER a(Chla)iR & . B ALEE X, 4%, 41
e BURE B I 2 I AR MR A SEINT Chla ¥R BE BURTEUN . BN 5 4ol fE b, [T 22% 7 53
B DX I T 22 R SRR P AH OC SO 7T, A LB S K P DX SR E [ 18] [19], AR A U AE AR
Hh KA A RS SR . BT A TN
0.563—93*R (Blue)+117*R (Green)—5*R (Red)

4

A, 1g RARLL 10 AIRAIRTEL, R (Blue) il el BV IE BT 26, R (Green) NERIGI BV I8 B I 6,
R (Red) AL B I8 Jk S 33 28

b) BIFVIRE

BT LR M N B K m S 5, L0 BOM ORI O O BURR, I 206 BRI B S ) A 0
R, R B TF Y (TSM)IFE[17] [19]. BARTFEA KA :

1g(TSM) = 0.043+45*R (Red) (3)

A, R (Red) LG B IRE IR SO 26
c) RBEIE
FET RN B SO R AIE A 2 SR (TP A P R A28, JRR FH 2009 4 SE i il 1) e i 4
WIHATSECR 2 5HAE, AT HAE AR S M SR EE[19]. BT EARR:
TP = 0.006 * R (SWIR2) - 0.146 @)

A, R (SWIR2)Z Ao K 2.2 pm FAT IR 20 ik BRI 28 8 S S 6

d) SR

A 2006~2010 4 5~10 H 5 523 & RAF RUKME ISR a IREEIIESS R, 456 FI B A 16
KFE R IR, I 4R 3R a RS SRR Z IR BAE G 2 BT, 49 31 S0 IR SO Y [20]. B
IR A N

lg(Chla) = )
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lg(TN) = (Ig(Chla) - 0.4468) /1.1804 )

X, g ZHLL 10 AJRAISTEL, Chla 2SRRI

e) BEHE

BT 6 5 4060k B R G 6 L AR R 25 B B (SDD) FRIRE JB8 £ B[ 197 IS AR i 7K A4 7E AR ]k Bt
(I R 22 SR Aok B3 W R, L W I BRORT /K Ak v T AR V7 0 O UK, TG 20 18 B U B 2 A K A R L
P AR TR A 1 R 20 X PR S BIF ST 45 & 2014~2015 4F K2 2009 4F (152 1 W 0 K0eb xof R 704 2 B AT
T RGRUESIAE[19] [21]. BARTEARA:

R (Blue) Y’ R (Blue)
SDD = 6.519% ~8.305% +3.066 (6)
R (Red) R(Red)
X, R (Blue) ARG BV REIR IS 2, R (Red) ALLIGH BRI 5
) ®EFRUEE
WA R B TR R T PR I PR B . AR 2% B 38 NI Sl 5 MR R P2 P AS [ T A4 S 25 22 57 (W2 U A
YRS RBOKARE R, HAEO IR A R R AEXFRE 24 A H 0l B & SR T S5 5 2 A

it b, die “BIEFRRESEE B, FHEE TEATREBRE S FRUEN B EREESH19].
B AR

TSI (Chla) = 10(2.46 + alog(Chla)/alog2.5) (7)

TSI (SDD) = 10(2.46 + (2.34 — 1.82*alog(SDD))/alog2.5) 8)

TSI (TP) = 10(2.46 + (1.32*alog(TP) — 3.28)/alog2.5) )

TSIy = (TSI (Chla) + TSI (SDD) + TSI (TP))/3 (10)

R, alog J9EIARIAL, Chla A4S a WE, SDD IEWIIE, TP MBI, TSIy NEGEIL AT

FERESTEEL.

(3) g

FERE R E 5 S s A RN BRI L, 0 5 BEERIEWA R /KI8T B 5 B R TR ARG AT T Geit
Phig 7R H AR A a3 . Sl & P SR SCR R BERE BURSEE LR M5 R FFEE R, #H—PIFR T
2 BEFORBAE . BN, RIS AR 70 MR rp 2 3 AR AN et (K3 — A 22 S K AR SR G AT B2, I
5 R PR AR i SOR AT 58 SCIAIE B DR AN [P A 80805 18] T AR (i 242 A 5% APY s AELHEA |, &5
Rk ABAHKE. FLTREREERS AR T, WIrwham AR s LS, IR ZRER
BLRERAE S RIRCR o B KRR B FRAIRDL, BT T BRI 28R a SR BB S
BEYIEETIUKRZH, R0 RBUERHE 5 2 5, R0 XU E B R e o Atk =, Jf
SR S BRI ERR, ST AR, X RS T R E A I, AT AR R S 3
BRI RS 1 N AE AL 55 AR IR BN R 2K

3. SEFFHAEM K ERR =T LIFE

THYEE Hh TR AR R A R IR KR S AR SRR T B R BE AR bR ME AP AT EE AR B, S5
F KRR B AR B R WA EDIRYL . BT MNDWI #5840, $2HUT 1977~2020 4 [F] LR %
W AKIRTEAR, FEa i T H AR A RIKE R & . R RIS gt 4 R ER1E 1),
1977~2020 48] 2 2 2 KR SR 20 sl Gk, BPETR” MARMRHME. 2020 FF/KIERIRZ) N
333.59 km?; HCRNMEHILE 2008 45(375.43 km?), f/MEHILIE 1977 4(264.34 km?), ZHFTIMHAN
338.62 km?.
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Figure 1. Annual changes in water surface area (1977~2020)
1. 1977~2020 Sk EMRFE LN

R 5 2 20 YV b K S T AR AR AR AE 5 SR B AL, AR AR R o N = AN B

(1) 1977 % 1986 =: HARAY R B

1977 £ G2 ZRIFALR/K TG R BN, MR DRy, 20k 10 40 BRBEEAUR R, ZIX 80K 8
R EY R, KA R A S I F RS vt 7EMCIIE, B9 d6Es B AR Y & 5 v N T 2 Fip 2
SEMmAE K ER, BEHRM 264.34 km? B I0%E 319.06 km?, 18N 20%, YIEBEE T L0
)23 (B B (A 2).

Figure 2. Comparison of changes in the northern part of Wuliangsuhai Lake between 1977 and 1986
2.1977 5 1986 SRR EHAL I L ITEE

(2) 1988 % 2008 4F-: &% FIHHITEL
ZB BOBA AR AR S s R FA, 2008 FEIA FIE(E . H A 2000~2002 4 7] 52 4% T R SR RE I,
VAT AR S B 194 (5 3)s 2001~2008 4E (8], JEIVATRIAR H 320.70 km? #7848 & 375,43 km?, EHHK
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2T Hs 45

7.82 km?. ZI BARAL TS X kA & R Z VA O, & g4Rolb P 5kt s 25 25 AP T AEE in(1991 A
14.46 km?, 2002 “E38 % 28.12 km?), [A K& T 54 G F/KHEENAE, HE—29 K T/KIEJEE, Ed
T KRS 4.

Figure 3. Lake surface area changes caused by drought during 2000~2002
3.2000~2002 FiEFRERXS SFHHHAEREN

(3) 2009 % 2020 4F: FEHE TR

2009 FLIK, B SEA VAP i SE PR B V5K EHE. BWUEAR . SEiiAAHNK), WA AR
AR [F1 75 T T R4 58 « 2015 45 IEARZERAE 336~338 km? Z 1], 2020 44 333.59 km?. 4 2012 4FJ54:
BANK MR, ABH TV RN SR 57 B A As, BATAR B IR EY K, R AR
TR KIS AR e R

J
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Figure 4. Annual mean lake level variations during 1984~2017

4. 1984~2017 SEEMHIAKME L

RN T S B 2 A K ST AR I sh A Aa e k320G Th 7 ARATR I I M /K S T AR g AR A A
FHAS BRI AR vt 25 B, AEARIAZK I3RS 5 R0 T AR 2 R RS, RITWaa A2
PRI ZAREPE BB G2 A . SRR, SRR S 1) 5 B E 2002 4Ff5HF4E EFF, B 90.87%34 % 2020
SR 97.68%, ML HL I B AAE il TR E o A T AR AR B A 345 21 M ST it P A A R K BUR 25 VAR K
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H 2012 4k, B s /R i 51 s v oK -5 REREIR] Bk 2 32 i AT AR S AIK, IR A 23 B T,
2012 FFIEE] 1019.47 m, 2 Ja KA IEARLERFTE 1019.17~1019.47 m Z[8)(&] 4). BARFMKEHE 2013 4
EIRER NN, 2013~2017 FEAIFFEAKL) 2~3 12 m?, 2018 FEWEE 5.94 /2 m?, 2019 FLEFKEIX 5.65
f2. m?, 2020 £35S SHMK 1.61 12 m3. FREERIKEANA AT RERE TR RasE, BEm 4%
T KIS AR B T

4. ERFRFAFEEFURNZEUREHER

GRS R F AR VR BRI O B AR, T KAR & B TR RR BE R PR IV K TR DL ) B B 28 G 48
o BERNFEHR. BEERMISERR I, T RBUEMA FREMERRER, MR yUKE
W ROKAE RS RGPl AW L4 1977, 1988, 1998, 2009, 2013, 2016, 2018 12019 44t 8 M
SEER, RGHT T 1977~2020 2RI E E FRTRE N P AR AR, OBV E S A A an 1] 5
Fim e WALEHUTH SRR oy B, Sk, BEFE RS CHSE, RABIEEFRIRSTREBUETL &
MEEHEK S, DIER SRR KRN K S I AR .

1) HEE a IRETHL

-4k 3R a (Chl-a){E VIR ED) E ) E N G B TR AR, VPRI E RS E S 1977~2020 45
PFEWERE a IRIEDHTEE R, k2 A0 BAT W RRE, SR SRR a IR 238 /0 A Wi 5(a)
Fii7Re 1977~2020 4FE[A] 5 R4 3 a IRFEEARALEIR, H 1977~1998 4R [a] M4k 3 a WK FEREARERAR
)53 SNy 2013~2020 AF 75 [A) S TR IS 0, v X 2 B A T BE BRI A HE VA N R 2
iy, RACEEIG. E AR R 2019~2020 FIAIH-SE 5 a WK A SMER AT E . A 1977~2020 4
MBI 4% 2R a WREEGLiE 45 AT A, TE LRI 2R 3% a R ARG N 2.57~5.25 ng/L, S filfi I
161977 4F, S fE HBLE 2009 4, AR A TR0 “Fha - I - TR =M.

SRR a WL 7 A0 5 B AR R NI YIAE G . BERHE R, 2008~2009 435 5 KT AR
REAME, MR ER a IREEIT 10 pg/L; 2013 FE9KE(4.18 png/L) T -5 2R AN KIEUR I S 25 D) AH
5, KIBEAN KPR RS, 02K A, 2013~2020 4, MK a IKERRSE N IE, & 2020 FfFE
274 pg/L, RIFFERIEIE 1.44 ng/L, ZARMS 2016 4 (53R RILEATREARD VEHL KBRS SR D)
AR BEAk, M 2013 42, L4032 MHPKEEANVKE Y 2~3 /2 m®, 2018 FFIE A 5.94 12 m®, 2019 44>
SEANIK 5.65 12 m®, 2020 SEFRZRN EANK 1.61 12 m®, FREERNK IR REVE R4 a Wk 2 R R,

(2) BERYIRER

BIFVRET T A B A, BFETHUERL. G, JeP RS, R KA ME S
TG RAR R OCRR FRAR . A B E K FOGRR R, MR UK RO EER . AR
J& 5 5l RIREREE, IR, N 1977~2020 4F 1% 32 200 TH B IR DR BE I 25 43 A0 45 A5 50, WX
BIFIIREEPRR N E R, FRRFIREARMTEEN 1.94~16.55 mg/L, HARMEHILE 1977 4, &
e HILAE 2018 47, LA A B v FE 2 18] /3 A an P4 S(0) BT s 1977~2009 4 (A1 X 2 0k BE 3R
I B2 8] 3 AN 41 5) s 2013~2020 48] 7 (8] 7 1 G 5, v A P8 X 288 TR AE R NI 11 L RS0 22
N R P e e I X3, AL AR S0 A e 30 7 A L A 5 5 DX A 3 i 5 A1

2018 FE IR B 2 B T 24 4F KR AE S0 /K (5.94 12 md)yi KB EFMNW], S 3rb O X ik
T, AR 0 A DR BE AT AR R AR A, Sl tH AR 58 22 e BV e M o AR R AR o B RR AR
K BRI RS A HEEE, 2019~2020 RV L W3 TR, B 2018 451 16.55 mg/L F# % 2020 -1
421 mg/L, RIFFFIEIA 1234 mg/L. 5 2016 FFE(RMKIGERGTN AL, BIFYIREEH R, R\AES
ANKIEARBE K AR B I HE5 TURR TR 1) 7 T E A AR SR
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Figure 5. Spatial distribution of eutrophication indices for representative years in Wuliangsuhai Lake
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(3) BBERERN

RBEVE N A TG AN AN T BR S SR 3R, AR AR BRI, TR S EUKMRE B R
o BRI ME R 7, HOR BT R 2 UK Y (B0  EE, SR A S . A
1977~2020 412 2 20U B IR FE I 22 43 A 151, 1977~2020 4E 1) S i B X R4 p Tl X AL 3 R
N O R PE VR R, ARy BRI FE R () p A A 1] S5(c) PR 70 R FEEORIE T AR TG TG /K 5 R H
1B/K, I HEF A AR E NI . GBI X R A KRR AR 2, GG AR R
YRR B X H T N 1, R4 KSR AR K PR E 2016 R F e KRBt I 720, NNt
— BN T A% X SR

1977~2020 -5 B2 20 SR BT 52 “ OB 57 #1988 MEJRIRE R EJE, & 2009 ik BUEAHE,
B 1988 SEHIKL) 283%. LI HHABEIIAL B2 2008 FEFEEEFH A EEER . 2009 FE)E, BEEASHK
JIEEINR R 2012 FELIK), SRR T FE, SO ARk 7R SR MR REAE H SO B e 1 9]0
FRAR . 2019 s R BE A B [, 3 S R B R A (R 4 H, WX RIS ok 1, BAarist i
P RO BB IR ER T . 2020 4 7 H AR s 45 R R IRFE R, B 2019 EREKZ) 0.17 mg/L,
BE—PIRUE T 2 R R SR o T B BN A R 5

@) BEWRERN

MBSV KAERIERKI RS IR0 R, RKEEE MM EERGIFE 72— WKPERFED
BTN B SAETE, KRB Ftb Ko, MBGE BRI AR IR . S ER A sk T
KRS RTEA RN G, RS IRRE PR E N O bR . 1977~2020 45 J2 5 0 0K I
THMERER, BEREAEH BRI, B Xl i, 1 AR S A ALk BE AR e, 2
BIREE R “eTtake” sy, MG @ B A SRR . 1977 kR A%(3.28 mg/L),
2009 L FEAE (12.13 mg/L), Bit-HEiE 8.85 mg/L.2013 5 IR IR HIVE, 2 2016 FE[4 % 4.81 mg/L.
2018~2020 AR EE#E— PR T FE, 2020 444 0.97 mg/L.

MM TENE R, H 2013 82, SR REFET I MK SR SR, FHVKE N 2~3 12 m;
2018 EBEE 5.94 /2 m?, 2019 4Eik 5.65 12 m?, 2020 EFFEN Z4K 1.61 12 m3. FRE:H KRN KA 2L
R T KRN, WERED T REMBAER, (RS R R K.

(5) EHERN

75 W FE A RAE KB JCRE I SR Fa AR, BB IR WK ARIE R B, XU s 26 K S A K AR A9
AP EAEE . A F B2 BIRIIREE . VR R ROK SR SR R R . A 1977~2020 4F
5 B SR MR IE B B I S A A RN, WX % B AR R AR BR U By, AR R K o B A i
e, T AL E K DX 57 B BE RS fIG, LAY ARy 3% B B 23 TB) A A an 6] 5(e) B Geit 85 R IR, 1977~2020
RN SRR T HE SR R NS, | 1.42m (1977 )% 0.81 m, FRil FFF 0.61 m.

2008~2016 F[AIE AT, FEBRT 2003 4 LURE S INsR I A S HKIE I, FFAl4E 2012 4F
JEANK A EERE— IR, B REEE 7KL, 2019 FE I HOUE T R, EERMEIIEAE N 5
Ho KRR HLAE T A S K e, KBS R K L R B B B B, 2020 EiE I KR
£ 0.81m, 5 2016~2018 FEHFFIKPRA—F, KBS PR ZIE Y O R B

(6) BEFNEERN

SRR a. SRS B R KAR B 8 TR M B B by, B SR G B RIS R SRR
W E SRR . N 1977~2020 F 5 32 1V0 B B SR AR R = 0 A 1551, 1977~2009 4550
B IERSR U R RFEIE #1977 4F 42.65; 2009 4 54.62), 2013~2018 FERFLH /D>, 2019~2020 4F X
A WE I #2020 4 50.18), FLIALFEA BB SRR A A an 1 S(HFTR . IX 1S 7R

DOI: 10.12677/aep.2025.1512179 1673 LR AT U


https://doi.org/10.12677/aep.2025.1512179

(EEARIGEE S

Hoe (B X EEAEAC T F R . AR O A P R I X ALK ARSI 2 . JRIB TS S
PR RO ERE SN, R E AR BB K PR N IR S, B SRR
b MEZTN, FIEX T B E TS KRS AR, & B R R IR

LRRN T E RN AE REEH, AR RBSEEEY, T2 R EERBIREE. O 75
Qe : 2009 FEHT X T AL PO A JE, 15K AEBERE M BN, 2008 RN 7 A Y
IKIAERE T) 2.2 5 5.0 i, EHESEGEEIFRMEME: @ LBHKEML: 2012 )R LA KRR %
PR, FHFKETE 342 md LhE, AR HAE FR MRS © BUREMSE: 2015 4 “/K+
27 MATHES) Tl i5 Gevh BEANS K AL BB T+ 21, 2016 4F (2 3SR G 1R AR ) SR HESEil R G0ia 2L
@ RGREHEDE: 2017 FEDORESIBH ORI S REVE BRI AL SE R, M T e B RR A R .

5. &

AICEET 1977~2020 FREIK I 5 SOELE R, X5 R Z0M KIS AR S5 KR 5 8 IR R bR i S A2 4k
FEIE S L IRENMLREAT St o0, 1S~ F 24

(1) AKSRIHAAR SR 2RI et Rk, B M. 1977~1986 4E v HARY RN B, TB1iATH
U 264.34 km? %2 319.06 km?, IEGIEZ) 20%, EZSZALHIX EAAY R 5 76 5 T 2 ME Ik 3
1988~2008 - NRE W L AP B, AT 2008 FiAFIE(H 375.43 km?, XIBu&ELOLY 5k 55K HUZ T 8L
KA S5 KIS AN i FER ] 2009 4ERLR, BEELE SR B SL it WA A TA8E, 2020 4F
N 333.59 km?, AR HMKIBUR 1Sl A e RE T KA B0 A7 5 T ARAR E

(2) K EEFAFEELE 1977~2009 F[AIFFEE LA, EIRRETEE M 42.65 % 54.62, FEHTX
BCTMAGERE AR, 15 F WA @ K A B K E 7T 2009 5, BEE (SRRELEEIAEMLD 1
E 5 OK+H47 SEERRHENE, 45644 40K 2013 FEEEAKE 2~3 12 m?, 2018 £Ei4 5.94 12 m?)
5EEE A, BEFMGFREIED T, 2020 SRR ELRITE & 50.18, WL H £ A 1A B it ) LK.

(3) BB W B S SORI S KB P IS, v R 5 X KA B A A
i SR AR AT MBI S . SRRIBAERKE R —IRGN TR, R RMAER SRS K
CANYE et <0 1 I e 20 10 K48 Y BT /N IR A 2] = B W Bl i (R 1 Bl P ) Y
PASE /K AR A PR K AR e S AR O

TE AR ()38 SR T T IS R R, S S5 10 I HERA M 52 BIAE AR R . KRR D R B T Ak 28 795
L FRRNGETM. BRI S, KAPRKIR. SER 224 52 6 IR E /K AR 2R T 0 HAGR 5
AR S BURMER, H RN 22 BT PR AR A AL, AT 91 N RIESE R R w2 . R
REI, AR TP KR e PEF AR 7Y (Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes,
FLAASH)S et KSR IE ik h4h, Landsat RV FTH4E A R #5845 (40 TM. ETM+, OLI/TIRS),
FE I 73 28 5 RN 38 RGBS 7 AR E [ A 22 7, 1X AT g 3 800 [R]— HhA) H s BT Okl 20 4 5 5 2 B
BEBIEA 8 IR RES 2 M W, XTI AME A EE R, A BB A SRRk E
IERFEA I RGRE: AT A F B A W, MNEE 5] NS A% S0 F 1R e R B0 ATULES 5 F5
TEAL AL B

B
AR T AES KB W TR O TR VB, LA i3 R 8 7R 4R 4

Z AR B 7 b, VARSTIR RIS B de (it 7 At DR e S B3y 0 -5 o 20 A L BAAE AN ] e
Beiualk 5 Pk B, PR [FAT & RAERT FE U7 S8 SRR o B etk =

DOI: 10.12677/aep.2025.1512179 1674 LR AT U


https://doi.org/10.12677/aep.2025.1512179

(CEARI e

&5k

(1]

(2]

(3]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]
[17]

(18]
[19]

(20]

(21]

Shi, X., Yu, H., Zhao, S., Sun, B., Liu, Y., Huo, J., ef al. (2023) Impacts of Environmental Factors on Chlorophyll-A in
Lakes in Cold and Arid Regions: A 10-Year Study of Wuliangsuhai Lake, China. Ecological Indicators, 148, Article
110133. https://doi.org/10.1016/j.ecolind.2023.110133

Sun, H., Lu, X., Yu, R., Yang, J., Liu, X., Cao, Z., et al. (2021) Eutrophication Decreased CO2 but Increased CH4
Emissions from Lake: A Case Study of a Shallow Lake Ulansuhai. Water Research, 201, Article 117363.
https://doi.org/10.1016/j.watres.2021.117363

Liu, B., Yang, L., Cui, C., Wan, W. and Liang, S. (2024) Is Water Replenishment an Effective Way to Improve Lake
Water Quality? Case Study in Lake Ulansuhai, China. Frontiers in Environmental Science, 12, Article ID: 1392768.
https://doi.org/10.3389/fenvs.2024.1392768

Dornhéfer, K. and Oppelt, N. (2016) Remote Sensing for Lake Research and Monitoring-Recent Advances. Ecological
Indicators, 64, 105-122. https://doi.org/10.1016/j.ecolind.2015.12.009

Waulder, M.A., Roy, D.P., Radeloff, V.C., Loveland, T.R., Anderson, M.C., Johnson, D.M., et al. (2022) Fifty Years of
Landsat Science and Impacts. Remote Sensing of Environment, 280, Article 113195.
https://doi.org/10.1016/j.rse.2022.113195

Xu, H. (2006) Modification of Normalised Difference Water Index (NDWI) to Enhance Open Water Features in Re-
motely Sensed Imagery. International Journal of Remote Sensing, 27, 3025-3033.
https://doi.org/10.1080/01431160600589179

Ali, ML1., Dirawan, G.D., Hasim, A.H. and Abidin, M.R. (2019) Detection of Changes in Surface Water Bodies Urban
Area with NDWI and MNDWI Methods. International Journal on Advanced Science, Engineering and Information
Technology, 9, 946-951. https://doi.org/10.18517/ijaseit.9.3.8692

Matthews, M.W. (2011) A Current Review of Empirical Procedures of Remote Sensing in Inland and Near-Coastal
Transitional Waters. International Journal of Remote Sensing, 32, 6855-6899.
https://doi.org/10.1080/01431161.2010.512947

Palmer, S.C.J., Kutser, T. and Hunter, P.D. (2015) Remote Sensing of Inland Waters: Challenges, Progress and Future
Directions. Remote Sensing of Environment, 157, 1-8. https://doi.org/10.1016/j.rse.2014.09.021

Dogliotti, A.IL., Ruddick, K.G., Nechad, B., Doxaran, D. and Knaeps, E. (2015) A Single Algorithm to Retrieve Turbidity
from Remotely-Sensed Data in All Coastal and Estuarine Waters. Remote Sensing of Environment, 156, 157-168.
https://doi.org/10.1016/j.rse.2014.09.020

Li, J., Zuo, Q., Feng, F. and Jia, H. (2022) Occurrence and Ecological Risk Assessment of Heavy Metals from Wuliang-
suhai Lake, Yellow River Basin, China. Water, 14, Article 1264. https://doi.org/10.3390/w14081264

Cui, J., Zhang, X., Du, C. and Li, G. (2024) Remote Sensing Identification of Harmful Algae in Ulansuhai Lake with
Machine Learning. Water, 17, Article 50. https://doi.org/10.3390/w17010050

Pekel, J., Cottam, A., Gorelick, N. and Belward, A.S. (2016) High-Resolution Mapping of Global Surface Water and Its
Long-Term Changes. Nature, 540, 418-422. https://doi.org/10.1038/nature20584

Zhou, H., Fu, X. and Li, H. (2024) Inversion of Chlorophyll-A Concentration in Wuliangsu Lake Based on Ogolden-
DBO-XGBoost. Applied Sciences, 14, Article 4798. https://doi.org/10.3390/app14114798

Dong, Q., Xiaohong, S., Shengnan, Z., Sheng, Z. and Jingjing, L. (2019) Eutrophication of Lake Ulansuhai in 2006-2017
and Its Main Impact Factors. Journal of Lake Sciences, 31, 1259-1267. https://doi.org/10.18307/2019.0503

FRIRAK. R et ) )3 — 1k 2 SR AR B (MND WD I BUK 7443 BB 7T[T]. 3B 223, 2005, 9(5): 589-595.

JAW%. 2T Landsat8 OLI TSR 1) S BRI EIF PN SR 28 a 0 P 18 B I T 78 [D]: [ 24001850, PR
R WETH KA, 2017.

FKINAE, W7, AR, % BT TM AN SRR R a IRERET]. HIE TR, 2015, 33(6): 133-138.
B, F IR 1 S R R KRS IR AL SIS RTR[D]: [ 224018 5], MRAyhRs: SRk K2,
2011.

SAEE, K4, ToFHm, & SRIBAM SRR a IREN S RHE R L SR BRRE X R(T]. TR, 2013,31(4):
126-129.

Ihor, Zewgiy, RS, 2. ZRINEE N 20 R SRR TR R [T]. K EARERETR, 2016, 36(5):
273-277.

DOI: 10.12677/aep.2025.1512179 1675 LR AT U


https://doi.org/10.12677/aep.2025.1512179
https://doi.org/10.1016/j.ecolind.2023.110133
https://doi.org/10.1016/j.watres.2021.117363
https://doi.org/10.3389/fenvs.2024.1392768
https://doi.org/10.1016/j.ecolind.2015.12.009
https://doi.org/10.1016/j.rse.2022.113195
https://doi.org/10.1080/01431160600589179
https://doi.org/10.18517/ijaseit.9.3.8692
https://doi.org/10.1080/01431161.2010.512947
https://doi.org/10.1016/j.rse.2014.09.021
https://doi.org/10.1016/j.rse.2014.09.020
https://doi.org/10.3390/w14081264
https://doi.org/10.3390/w17010050
https://doi.org/10.1038/nature20584
https://doi.org/10.3390/app14114798
https://doi.org/10.18307/2019.0503

	乌梁素海水域面积与水质参数时空变化
	摘  要
	关键词
	Spatiotemporal Changes in the Water Surface Area and Water-Quality Parameters of Wuliangsuhai Lake
	Abstract
	Keywords
	1. 引言
	2. 数据与方法
	2.1. 研究区概况
	2.2. 研究数据
	2.3. 研究方法

	3. 乌梁素海湖泊湿地水域面积时空变化特征
	4. 乌梁素海水体富营养化时空变化及驱动因素
	5. 结论
	致  谢
	参考文献

