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Lakes, rivers, and other water bodies are sensitive indicators of regional climate and environmental
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change. Their area variations can objectively reflect the water balance processes within inland ba-
sins. Based on a big data platform for remote sensing, rapidly extracting information on water body
changes and analyzing the influencing factors holds significant research importance. Taking Land-
sat data and MODIS data as data sources, the water body in Southwest China is extracted and ana-
lyzed using the water body index model and random forest classification. The results show that: (1)
the effect of water body extraction from Landsat data is better than MODIS data, and the false ex-
traction rate and over extraction rate are lower than MODIS data. The overall accuracy of water
body extraction from Landsat data is 86.1%, the false extraction rate is 16.8%, and the over extrac-
tion rate is 11.0%. The overall accuracy of MODIS data water extraction model is 81.9%, the false
extraction rate is 21.8%, and the over extraction rate is 14.4%; (2) The effect of water body ex-
tracted by water body index model method is higher than that of random forest classification
method. Under Landsat data, the overall accuracy of the random forest method is 85.7%, and the
false extraction rate is 19.2%, which is higher than 16.8% of water body extraction model method,
but the over extraction rate is 9.4%, which is lower than that of water body index model method;
(3) The M-K trend test method shows that the water area in Southwest China shows a significant
increase trend based on Landsat data from 2000 to 2020, with the total area increasing from
28963.14 km?2 in 2000 to 33859.17 km?2 in 2020. The water body is mainly distributed in the lakes
in the Qinghai-Xizang Plateau and the Yunnan-Kweichow Plateau and lots of middle and upper
reaches of the river basin.
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W ELAE B R o KA R R R 4 M R R B T — AN . R R IR AR KA AR R
SRR GERORY . R AT REEE R R J13CRE, TR BRI PR R M S5 R 7K AR AR A
BETBORTFB[1] AKAAS B 1 — A 8 2 Y 2530 R /KR T AR 2 B W, DR ke R P R SR A IR 7K
PRI TEREAE I ERAR B IRABREBUK ARG B, & 0a 8 CHB R T,

AR, BEA LIRS TFENLERRARED, R AR R, 75K AR 3 A W 77 T 15 2
T ZRH[2]. IEAESKR, TR B2 [ 43 4T = °F & Google Earth Engine B8 1 4% S I i i b 3
Jivd, FE R BB B G BAE R = R T R 77, KT KB & A4t T — Mg it
[3]o ZEA o HriT AL IBRT 3R /K AR 5 S A R 3R 0 AT B A DG, ARSI 2 A A A 25 1
AR R SRR B R IS H R -

W6 A T SR T 18 B AR 2R 0, B IEREARRET F T KRR B AN S AR 5T 4], AR
I 2 AL A 2T SR (1 M SR K AR AR A

(1) HPBBIEE

T AR B A V. B B B VE R AR IR SR M e — AN B, R [ SR I E K A K o
Ny H AR AR H bR s b2 50 [5]. i 1976 4, Work E.A ZE[6]4W4# 1] T Landsat ¥ /&% o i 4r
AN B, o AT BRE 2 BERARE I KA Klein Z5[7]50 BI%T % MODIS $#5 8 KA i 250 m 43K 1)
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LT AN B AT AVHRR S04 19 1.1 km 2SR (I 20 AN BOA% 385 50 ok B R EL VAR B 1 na 5% 58
TE AL X 3 KA B

(2) 2B K RIL

2 Bk 7] 9% ZR V2 KR (1 B AN TR i S S5 2 AN B B AT VR BOE 5/, AT IEAT /K AR S B
[8]. JERUE[IZME A TM SR K INE — Rl Be 4L & 5L32:(TM2 + TM3) > (TM4 + TM5), IXFhRRIERAL
(7 LU X R ARSREL - B R34 s 5K B AR AE [ 1016 KA HEAT SR ICR I IR SR A 2 22 2% A1 1B) 50 R ALK 7 v, 1%
RIS T 4. 20, LA SRR

(3) KMEIRHLE

A IEARL, AR EEE R N, HiZE it — BB G A6 H7 . Mcfeeters %5
[L1]5%F 3R AR M S U B S 20 bt BUR AT IH— IS5, $2 5 T 5 — K AR$R 2L, Z4a EmT AR ELH K
A HIKAR, AR ALHE — e N R IR S K PR VR B (I s AR Rk [12] 32 T ek )A — T K AR R 4L,
BT &f 6 B S T LA B A — I 55, 248 H0E R T 0 B PR U 7 /K A4S S 52 30 B 52 T4

(4) WLER2E21E

IAER, MRS S NELEIB IR A SN A B R 7 ) 2 B, R R = It 5T uE %7
IR DRI IR I IRAAR 0 25 IRAB A2 [13]E T GF-1 B EBE R SR BAL 7, X = Ik 7K 2 fl =
PR RS BT T 3R, HRSEERE . Hu Z5[14)50 %) Sentinel-1 A% ik it WL AR AR SRR 51 A4y 2
TR FNIKAR, 25 5B R BA 4 FERE FE I

LA LE, OB T2 %EEITREAREE BRI TAE, BT FEm S, BarfeErEE
W (1) EBR SR PR SR, BT AN SEm) 8] F Bt R A AT RIE TS, &6 FRk MR
B IR A8 A 285 i A5 B BTG, A BRI A0S ) P9 1 LSt SO IR K TR BRI AN AER s (2) TELLRTIY
SBARAFREI N, KRR BRI 2 DL S e AR B2 s B M A, X RS BBl B kAR T AR B X RE 0
s (3) I KM BUEAT /KARSREUST, AU 1 B — Bk A AT B B K AR HE H

HYTFI, W GEE P& XK T, LL Landsat 3455 MODIS $dii AEE i, 8 it /K i i Hps 7
55 BENLARR 7 SEHEAT V8 B 1 X (R AR SR U 7, BRI AR K AR B 0 AR, DU X A 25 g B
AIRREE K IR S

2. MERXBAESHREIE
2.1. WiREXER

HEFI X, AFBRREsEE. SME WA BRTMERE R X XIEAH V2 KB
mEMWE, HHEHKE TEHZR, FHKEETEFEE . 9 2019 RN (R EK SR AW [15]801E
B, 2019 4E IR [E P R M X K Y5 M B F) 10394.7 12 m3, 54 [E K B R 35.79%; MK IE
EZ1N 10393.5 14 mé, 415 FEHR/KEIFEER 37.13%. H— 51, X ELILER NE, H
WP IS 2 A, SRR X AR R 2R AR K, 2R T RS AR K FH . Bk, XX
HEAT S EURS A A 7K AR S B S A8 A0 e 2 AR A e 2 BB 20 . BE A XA ] 1 o

2.2. WHEHKIR

2.2.1. Landsat &I %12
95 BT B8R 2 — A Landsat 251 P EIE K24 . Landsat 251 B R HUE BA R e, GeigiR
UM K TE R . KRR A et 2 o) B TSR, 2 H T RO 8. e BB IR Rl —
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Figure 1. Location map of the research area

Bl RXAERE

W FC RT3 FH (12 2R R 7 B dE  Landsats/7/8 $diE i (g, Ji i i 7 B0k B0 R A T 5t
XIRIEAF 515 . HH BT A Landsats 24 v GEE ~F & 32 £ (1)) LANDSAT/LTO05/C0L/TL, RELHT (A5G F K
2000 ££~2010 4F; Landsat7 #(4f A GEE T & #24Lf¥) LANDSAT/LEQ7/C02/T1, FHUI [A]3E F A 2011 4EA0
2012 4F; Landsat8 ##iy GEE “F & #24t ) LANDSAT/LC08/C02/T1_RT_TOA #¥i4E, FREU [alVE A
2013 4~2020 4E. PH g HLX 7F Landsat £ 41 A2 WRS-2 P2 %5 24 HH I1HLE S V5 Fl Path 4 P125-P146,
Row 4 R35-R45. A SCHT{ A 1) Landsat 2 41145408 1 ik B Ky S 85 2 1) 7 R e B n 4 1.

Table 1. Using Landsat data band information
% 1. HIR{FER Landsat IR R ERIEER

el Vi ER IS &R A FEEm P/ pm
B2-Green 30 0.52~0.60
B3-Red 30 0.63~0.69
Landsat 5 TM B4-NIR 30 0.76~0.90
B5-SWIR1 30 1.55~1.75
B7-SWIR2 30 2.08~2.35
B2-Green 30 0.52~0.60
B3-Red 30 0.63~0.69
Landsat 7 ETM+ B4-NIR 30 0.726~0.90
B5-SWIR1 30 1.55~1.75
B7-SWIR2 30 2.08~2.35
B3-Green 30 0.53~0.59
B4-Red 30 0.64~0.67
Landsat 8 TOA B5-NIR 30 0.85~0.88
B6-SWIR1 30 1.57~1.65
B7-SWIR2 30 2.11~2.29
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2.2.2. MODIS #i8

2000 4£ & 2020 4E it Fl MODIS %3 51% 5 MODO9A1.006 , 1 545 S 444 1) 7 i K S BB 0.54~2.15
pm, WAEE T AT WG LLANEE B, (RIS B E VA B - BT A BRSS9 h24v05. h25v05. h26v05.
h27v05. h25v06. h26v06 Al h27v06, &S 2330 km. 5 /i Fl MODIS i i Befs B in % 2.

Table 2. Using MODIS data band information
2. WisfER MODIS #iBHEER

BB AR a7 HEF Im BT /Inm
sur_refl_b01 500 620~670
sur_refl_b02 500 841~876
sur_refl_b04 500 545~565
sur_refl_b05 500 1230~1250
sur_refl_b06 500 1628~1652
sur_refl_b07 500 2105~2155

2.2.3. JRC #iiB&E

TEZKPRBEEO0 B8 5 R B S0E B H T GEE “F & BT #2411 Joint Research Centre of European Commis-
sion Monthly Water History ('F#r JRC ##fa4) #dli 4, % H 5 43k 30 K #F %) a7 1984 /£ 3 H
16 H# 2020 4F 12 A& H 0 K EE B

2.3. Google Earth Engine £ &

7 IR 5] % (Google Earth Engine) @ B HER ML — D= P&, A LUSEI SR A1 23 47 i 5 1) 2 BRVE
PR ER B BERE . AR R G0 LL TR BME R He ER A B A% Oy, JF LA 78 20 1T E S I RESR S B X e
ARSI T, A HhBks| 2O 647 7 200 240508k, & H i 4000 £ 6 & K 7R, &
i+ 500,000 £ F, HAEFRE D C 4kt 5PB. 5 ENVI, Eardas %5 B AL B R 445 [F], Google Earth
Engine (1 E1GEFEF G RESPOE . LRI, TFHETEGN TE, mHAEERE S MM
B . AR 51 45 27 4 W] LLZE 24 ] JavaScript AP A1 Python APL, FH 7 7T LRI API s 7
—> Web %35, 1%IR55 & HSLAEAS WHBR 5 R 3L = 1 At 2 b

WA DRI R AR 2T G, £ TEid g JavaScript i 5 AT E
BARE B, ik, RETSAH,

2.4. AR

et GEE V& 3REL Landsats/7/8 8 A 4: . MODIS b3 i i 5 Hdi 48 % FLdk A7 7t X
BT W AT AR, AR50 S B AR AR AT = S I R . TE K ARSI 2 v py %o Landsat S5t 264
PEEEREAT 2 U Bz HAS B #4850 NDVIL /KIA$E2L MNDWI. AWEL. FAZH5%0 NDSI FIF- 4R - Ha 24
DBSI, #AJ5 AR AL IR 2 70 A0 AT BUE R SRAF KA, FEImBRIE A . #RHL S EA4E . fERENLARAR 732807
PR e AT o SRHIEE R, SRS AT REA TGRS, TR FH B LR ARIE AT By AR BUK R . N T
SF PR T VAT RE BEVEANY, DA AT X KA B AR RS 5L, R B BIAIERIEREA &, BARKIR S 3EK
R, THEIRBRME, MEARKSEE . kappa R50. IR FER AR F 71 40 B AT RS BE VP o

PAF KA G B K AR T AR AT S B, SR 7K A R T 2 A R A B AT 9, BEAT 2 Y %
HHE SR IOKAR 13 R B 45 J 0t bl S AN R K3 BT VR 6t B 54047, @i Sen + Mann-Kendall 7 3446172
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Figure 2. Technology roadmap

B 2. KR

3. AR GE
3.1 HiETmAE

GEE =V &t T & 5 5 #5511 Landsat KSR M S R 45 5 MODIS 3R St 4 48, fir
DA TR BN AT = s L 8755 TAE . T AL X s TG ZR X3, o4 Landsat 2185 %)
TR PR, &R 1) Landsat 208 A7 7R S AE BUR AR, MR TR B . BRIk, AR
T HIAH Landsat 38 EGA% 1) QA_Pixel % Bt5 MODIS 3B A% 1) QA B ATHER; SR 518
GEE “F- 5 1) CFMask (C Function of Mask) 515 21 (1) 5245 i 5% B (QA) A, A r R H L=
K WI5, B Landsat S8 2 HI5EMR B fa i LS A 9T IX 0% SO kAT 308

3.2. IKIEIRENTTIE

3.2.1. KFIREBUERE

7E GEE “F-4 A SR 9 H [X. 2000~2020 4EFR ¥ Landsat %454 51 2000~2020 45 MODIS $iii 42,
I FH 22 BlK AR 205 FoAh 38 B0k AT 20 & R B s K R PRI ZY o KRB AL: R $2 L MNDWI 5 AWEL 53
HERERME, BG4 EH— LR IES NDVI. T#4E% DBSI. 11— f5 3 NDSI St . A .
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BRI N IE R AR 75 A B, SR S BEKAK
LA Landsat 8 5218 Bt BUE EO0BI,  EiRFREI AT

MNDWI = (b3—b5)/(b3+b5) @
AWEI , = 4x(b3—b6)—(0.25xb5+2.75xb7) )
NDVI = (b5 —b4) /(b5 + b4) ®)

DBSI = (b6 —b3)/(b6+b3)— NDVI (4)
NDSI = (b3—b6)/(b3+b6) ®)

BARBAE B ILE 1.

R FIR AR, Al ESfeEORET GEE ¥ &1 updateMask BR AT K RS- EUE R (7. |
IRHOHE TS UE , R RS A0 2T BE 0 €, 5 E MNDWI S11E N 0.1, AWEL 148 5—-0.05,
H— R B P BRI B 0.5, FRRFREURME N 0, IH— A Fa EUR{E N 0.3, S 43T /KA 42 5L . Landsat
GRS R B BB R (R SR B 45 S 0 5] 3 7, MODIS 445 /K A48 Hi S BURE AR (R R B &% S 4 B
TEFRIN A b R I, FE0T 90 X (1 i JE M X K )1 RS A /D iR IR IS, NDSI BB JE4e X 7 AL S (H 2=
PEVR B2 SR B A AR G TR . SR K R I SR BUSCR BT, R SR BRI RIS, B
FREUMR A 28 . 2ERF 9T I R340 HE X, AWEL 1 MNDWI SRR IR AL LT, BB RS b3k
I K IRFE BR ;. MODIS SAARSZ T 28 A1 43 HER, IR SR IO AN AR, 53 /M E X DU )1 i o = )2
ZBRRCRANEAR, Do R o AR AR R SR DGR AT BT s R R B B S 00 SR B AR
A,

IE 7
0 250 500 1,000 km
I Y Y T Y Y A - ik
Figure 3. Water bodies extracted from the 2020 Landsat image by water index model
[ 3. 2020 £ Landsat $£1& 7k A48 MR B B HR BUK 14
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Figure 4. Water bodies extracted from the 2020 MODIS image by water index model
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3.2.2. BT HBMRMITE

WEFCR I BIRELAR AR B T 30 B e B A 0 SRR AR i, BI04 AN RS _E 0 an tH AT 3R
o ZITIEREA OB DL RS L FEFL A I R, M. SRR SE R VAR REAR AP s B, JF HAE R4
JEE (080l 73 2K 1) R B ARBR I W i R BE U AT RE ST 34k, BEHLAGR — Rk THEEIAES B2k

Bk, EATALMEI R IEHTH, SO CA IR AT 2 2 T 7326

0 250 500
S Y T O |

1,000 km
[

[ ] ek
| B3

Figure 5. Water bodies extracted from the 2020 Landsat image by random forest
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7t GEE V& I, @ixf B R X BG4S Google IR E R LEMG, HiEsRrtith
BRAFE NG R KR . BRI LA, SRS AT VI ZRPEA I I, 3 28 4 0k H A 1)
FEAR, DREUTE & a5 5, MG s sem . FEARRMATE S, L5, UFARANE, HFEEY
SRR A . IKRFEAR DR S K RS2 PR KRBT . FEAEIGES G, F]
F GEE ~F- 5 1) smileRandomForest 575147 Landsat 52457028, S & H R KRS B, &5 Rl 5
e MEIHRATLUEH, S5HEKMEIRIUERALL, FEHLARMIEI SRR % . aik B3R EUK AR A5
BN D TR R UTVE: ETH X AR, BB = KA RS KA, [FR R IEEAL
FRMROTVE AN REAE B H B2 U KA R 5, R BEATLAR AR 23 28 07 125580 43 /N AR 7K AR S BIUSCR BB, T
() SEREVE U T /KRS BB 78, BT MR 7K AR 1 X 7 RO B -

3.3. Sent Trend + Mann-Kendall #5368 %

X T KRR IUES R H Sent trend + Mann-Kendall #5503 2547 A8 A0 - #5347

Sen 3RS THE T HN R E, R DR G s/ W RS 1) T, (H R B AR SEILT B A R
PEFIWT, 17 Mann-Kendall 77248 & 5%t 77 51 43 A JEEE SR HA S8 EANBUR, BRIk FIR B fh o7 iE4 &0
DA SR 7 v I, RTE — B FR T R AR I 45 SR 1 M 14 [16] -

Sen LA A N:

ﬂ:Median[(xj—xi)/(j—i)J (10)

L p R IE SR AT R Oy BT ER a2 p Oy IRy, A EE W BRI TR0 BT
F, HATNE TREES.

Mann-Kendall 36 A5 EFEAE N —E 5040, WAZDE R EERTI, ERK. AREEE
Ao A S, THEEE[17]. 75 Mann-Kendall #2569, JFEARE H, = BHRFZIEHE (X, x, )#& n ANlor
(. BENLVAR B R AT IREAS; PR Hy XK S W TITARK, j<nHk=j, x M x, B2
AHFK, W mgitAERE S iH5EF

Sznizn: sgn(x; =%, ) (11)
k=1 j=k+L
+1, (x-%)>0
sgn(x; =% ) =10, (X;-% )= 12)
-1, (xj —xk)<0

X SONIEZR A, HLIMEN 0.
Hep, sz R

Var(S) ={n(n—1)(2n+5)—zt:t(t—1)(2t+5)}/18 (13)

A CAERAEL RIVERE LRI 4 A
Xn>10 i, ARAEMIESSGI AR Z @il TR
S-1

S>0
ar(S)
Z= 0, $S=0 (14)
S+1 , S <0
JVar(S)
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ke, EXCAREHRK T, AT 2 FIEKT L, MR )> o, WEBBRATEZ M. Fita
(B AE KT, S T (SR AR E W S 1 bl R e . W F Z<0 i, 2 PR, RZpe -7
s,
4, BERE D
4.1. FBEIEMN

4.1.1. BEHLARH S KB EITM 5%
X V4 s X AL AR AR R AT M 0 R SR, S R ST IRV RE R R TH S BV 2 5 Kappa 24
KAATHE L VPO . H:T 2020 4 Landsat SR FEALARAR 7 F 245 MG L IR UE S5 R A& 3.

Table 3. Confusion matrix and accuracy evaluation of RF method for Landsat images in 2020
7% 3. 2020 £F Landsat #£1& RF ;&R BN RS EIFN

eyt Nt Hh gz KR T i i it
Nithz= 168 19 4 0 32 223
KA 14 3351 3 55 1 3424
UiEL 33 0 0 2418 0 179 2597
E5:1 0 41 0 1195 3 1239
i 61 0 220 2 2790 3073
Mt 243 3411 2645 1252 3005 10,556
KRR 93.99%
Kappa &% 0.9184

MIBIERE R A DUR I, KRS B 0 HAb SR O RE AR 2, HASRRS 5 Kappa R8T,
Yyt 90%, R A] DL i 2 SRR BT o

4.1.2. BENHARSEEITN S ZE

3T JRC Monthly Water History %44, 7£ 74 B 1 X K AR 3Rk 44 23 )48 i 500 A4S &, 33+ 1000
AN, ARG ERIEHRE, MR Ik RS AR = AN 7 R A AR RS B HEAT VR . B
e Rk 4 k.

Table 4. Comparison of precision evaluation of random sample points

= 4. FEIEEAR R EITMN XL

TRARSRE T 15 RiRE PUE; 3 B
Landsat $df KRB 16.8% 11.0% 86.1%
MODIS $#E/K AR BB R 21.8% 14.4% 81.9%
Landsat 38 BEHLARAR 224 19.2% 9.4% 85.7%

o B AR, SRR TTVE 7> FEBORES , (HR KRR R IR FE 2 B, M TR A f B Y
AT /KRR R PR AL T, Landsat $0dfs fO TR #2652 52 91K T MODIS %dfE,  Hi5 /2 MODIS il
rei o ANTE) T3 TR AN [ Bt SR UK (A IR B2 5 K B
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4.2. FEatX/KAEERENL

%t 2000~2020 R ZIEEAE . AFE JTEF B KA AR E 6. IR, DL TR EL
PR X K AR THI AR 23,000 km?~39,000 km? Z (8], T JRC H EE/KAAEE & KA S 4G5 £ 40,000
km?2~53,000 km? 2 [&], /5 FB2 KBRS, 52 aiiRie R B &M

—o— Landsat/K /AR = MODIS/K /A Y LandsatFEALARAR
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Figure 6. Multiple sources of data and different methods for extracting changes in water body area

& 6. ZIBEHIBEARFEKEZEEATL
4.3. AREXKEERTHEBEE
P Rg HL[X 2000~2020 F 2 JEEHE A R E TS Sen A E 5 M-K 1836 U1 5.

Table 5. M-K test table for trend of water area change in Southwest China
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