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T EEEZREEAEN, W ZNHTKE . EBRABHES AHE Y, Hit,
TR SCRAIE. ORIGERE . W98 KA AAR I ESE) AYAR Bk B A7 B 0CHED, 982
TR SC . IR AR AR SR — 1 R 20 W I Bh 25 AR A /K B2 PR DA K S5 7K AH 5%
PR FE (ke . T55) WP ZROCE S, [HIE, KSCHTEN H 2 (1) iz o X 53 A5 i
B AAES), IF HRER o H AL T 5567 A9 TRT g AK SOUI SR F AL St 5 L 5 B AR wf
F AR R AT ] v S AR AR S . FERXAMEAL T, T e R i HR A 22 I AR XL 515
BE R RS YL S R PR T gt ) W DR AL T AT R R i, AR B Tz R
T, R R Tl D SIS A RAze 11X

Yamazaki 27 F| i R CALE A HLIE 224155 (Shuttle Radar Topography Mission,
SRTM) . KIA&%HE (Water Body Data, SWBD) FIHiIE%i#E (Hydrologic Data and Maps
Based on Shuttle Elevation Derivatives at Multiple Scales, HydroSHEDS ) i i< 1] It Vit [7] 4
P & T A ER KA 55 805 4 (Global Width Database for Large Rivers, GWD-LR) ;
Allen %5 F1 Ji] Landsat $£1% & RivWidth T_Hfi i Z24F Landsat T = 5 H-FEii GEf
fiit Ay ) FHRmE PR, WA= 1A Fe8di4E  (North American River Width,
NARWidth) ®F04BR 7 e 5508 5= 0 (Global River Widths from Landsat, GRWL) ;
AN, Isikdogan S5 3E i L # M 3 AF A Bl b T3 B 5248 A LA BT i P M SE i, TR
T AL A SR, HORS BE 5 NARWidth Bl 4R A .

SR, I AR AS A RN ST B 52 ) k2 4028 1 4 BROK A PR 2 2 T 37 7K SO
Ao Hedn, AERARBE I T LK) BRI I R BE 2 8K, 25 R TR g T
Y AZ AR, T B B Bl AR AR AR XK IR AR R IR B — D EAF T, R T RIK SOE
AFHER T R S B SR . (H AT BT S 45 5 K 2R AE — W U K SO
TR 1 ROV e A K o o, GWD-LR s S48 ] SWBD i b R ek Bds, 1Y

I 58 KT 300 m A IRTaE , BRI A 2 SRTM AR SR 42 1 0] 19T 55, NARWidth Al
GRWL 4l 45 302 fi Z24F Landsat fifi th T3 B EUR A BTC = /K ARTS 2 i 3 96 . B
HY, T REEEREA R RIETZS 035, AT LU 4 T A S [R] S Bk SCRAF T Y
NS o T3 5 B A B AR AL AT DA IR A TS0 . AR 3l K] ik i 55 A48 £k
Bsem, Jf H AT DA R 2 80 012 UK JIB UM R SR BB S, SR, H BTX A
BT VLT 58 23 S AR T+ A PR

S AT VT A PG 1) AR BT e B R T, T e KR4 A . KRB 2R
P, AR E T g b X AR SRS A A, WO B A T U
FM R AL T BB A K BT AR B, e AT VLK SR Ge R A 28 A min 1o A UK
AL Hh oA A R AR BRI AS e M 5, (H S D TR K SCRUK 2R A5 B,
T, XPHEE A VL G S AR A5 BRI 583 . TF RS A VLA B3 K SO e
fERE WX KGR G AL E . AKAESIR A A R X, ik, A SR HE
TS AG A H AT VL T IR KB, A b T S S A AR AR, 456 X3k S
SEERNZE, IR SE FEORHE = DX IR i 7K SCIE PR R TA R, SRk SR & PR
AN ERRAE R

2
2.1 FARXELR

AT (28°00'N~31°16'N, 82°00'E~97°07'E) % I -7 ik 15 J5t V4 pig s 1 . L hr
FELLBKALRE, " EBE N K 2057 km, JRIE AL R 2.6x10° km?, T A 717141
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Fig. 1 Overview of the Yarlung Zangbo River Basin

2.2 ErkitRATHEIFE

S ER LR K AL KPR 4 (Global Land Analysis and Discovery, GLAD, https:/www.
glad.umd.edu/dataset/global-surface-water-dynamics) & FH Pickens 55”5t F Landsat-5 TM ,
Landsat-7 ETM+#/l Landsat-8 OLI ZU#E 38751 1999—20194F  ( H Al & 38 £ 2020 4F) )
AR IR BRG], B AR 25 18] 3 FE 3 30 mo GLAD MK /K Bl 46 2 ik T4 Wi,
BR51# (Google Earth Engine, GEE, https:/earthengine.com) fifi FHi## i 300 J7 5 Landsat 5%
BAR 3 SRR T A AR BB MEER o bt . K. = Bk S S, s
A~ AR5 8 B R W Rl A A B AT o3 ok A i, A3 H KR, R
BRI SO s BRI R RN T 5%, N TR BRI NT 1%, ZHE
BARZWETFREE (PA) . FIPHEEE (UA) 435108(96.0+1.2)%H1(93.7+1.5)%, HAT
FEEE . I () 7 5 A SO YRR 1Y, AR SCEE 4 Google Earth JJ7 52 5245 GLAD iR /K
BAmAE , HIBR T AESG T LR /NI . AR B RIAE/ KRS, 345 T 2000—2020 45
[V 2 AT VT AR M O AR B A T 2R, A5 3 3B AT 7T 2000—2020 4F (415
HIRBFER
2.3 |SEHE

ASCNH EAS G RE BRI RS W (http:/cde.cma.gov.en) FKAH T 2000—2020 4
Hh Il L R 7K L 0.50% 0,594 i U BN K dl 4 (SURF_CLI_CHN_PRE_DAY _
GRID_0.5), ¥t 1/ ks i B P il ™, A SCHE B E S A VLI B <R 55 3=
ST AR AT VLT S % =R R 7K A i [0 5 2R o

3

3 i 3 T B AT LR AT K SCR R, i ORI R e S i, A6
Sy BEEERS 1 MR BTG IREL, 14N, 7F Landsat ETM+H, 4xROP-35 24 35% 1) i Hh 2 1
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Fig. 2 Flow chart of river width extraction of the Yarlung Zangbo River

3.1 MEBMAILNBE A KIETEE 4K

ARSCHERE TSR ATT TR AL 85, dE—245 45 29 Google Earth JJj 52
215 GLAD i 2K B s S 004 T8 (N TAG AR IE , SRR 1 65 9 A7 VT8 01 A /N B i)
T AR AN N R AR SFIR RN TR, A VLT s Kok AR S gdis . IF DA
B B GLAD H FEHBRAKE IR AL A THERR , 920 A2 il 2000—2020 4F-HEE- 5T AT V118
H KIS
3.2 WERAIMEAKEERE

W12 A R 5 A T I 7K S 1R 32 38 A% St T s O R A AR s,
SERIFRTEEE, BRI T A B . B R R L B ™ T R e e i 2 AR A A BT 4
FORERfTE. PRI, 200k BE B I AN S 8 Xl A T H ARG A . N T g 4B A 1 A
s TSR VKRB e, Tl dni 2 AR K SRERT K, N TR
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TRZER . IR S Tk AR TG 0 I /K A% BB 070, mT DA R ey L Bk b o
HE I SE R KRB

K SRR B B A OG22 5, AN [R] B 3099 3
K IR B AR MR R o KNI Z (Water Occurrence, WO) 7~ 2000—2020 45 7 € A7 V1.
T3 PR B AR AR S 5 B U R ORI R A YT PN KR AR 1 R e — MR T
B, MAIHTIE HhuC BT BB TR, A5 T AE — g B[R] 91 [l P A 7K A0 46 T LA 3 ok
A (1) A

_WDC
wo o0 (1)

A H: WDC (Water Detection Count) &7 7E— Br i [B] AR o2& KR I vk B ;. voC
(Valid Observation Count) 278X 115 TCAEAH N B R] N 4745 25000 ) TR 25

4R 23 ] RO S BT , — MG T 1 7K A0 (R 5 A A% 0 A 7K A1 3 (B R DG B
[i5] — Fsf BB Y0 38 320 S 1) 7K YA 01 23 2 AR () o T 0 30 S 1180 A A 3 2 /N3] 3 s
B, X FER S B A TORUEOG, TR LRI N AR AR A UG K MR, A
TRRFR BRI B 1 7 BE 7K AR 32 DX 3k i 7K S A AR B A TR AR, 75 380 B BT B () 7K v R AR
AR N A5 7 SN TR St TR S 5 N = RE S LR Ts U R i @1 SN O e ) 1 TR e
YR TF AR AR A /M B DRI AELA 1 A K ARG T, AR BRI AR R 0 A fiti 15T
T A 1 5 A VL 5E 48 0 H B K L (R13) o MRHR J vk X H ik K AR 47 B
SRS RN T B A SRR s (X T AR AT B, ek
FAI ] BEK @R B 7 I, FRATTAR SR Z B A e H 03 SRR &R A4 [] 43 %) E e 235 SR K]
TMEAFK R E AT N T mf FE IE . ARBRIE T X8 H SRR RS T E ek
BIAT A B T SR TT, BeAAS R T I R e A VLT AR (]
51,
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Fig. 3 Reconstruction of river missing area with river boundary frequency threshold segmentation

3.3 fAEMEEREMILIS KRR

FET A FOK A B (A B0V, HE A B S SECA 71. 2000—2020 4FS5EHE 19 H B2
HKIRAE L, 20 T AR b5 A A5 A 5 A VLK AR T RS AT B0 o e JBUHE €5
AL 2000—2020 47 A R /K AT B 0 BERIVEE , X T 00 I S AR B & 734505 1 )3
ST 8 2T S Al — T, AEMCHERY L7 ArcGIS 10,6 SHUHE 4 8
AL UL AR D SR R L& ST K RE , b -
REPTLSERE 09— RO o RSBV KIS 2057 K, 45 T 94340 Ko
(TSR AR T B | ke S TSR M 4 £ AT
TR (4) BRUAWAIBAREE (L), srBot@EAAREE AL (w), mX (2):
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AT IR AT S HERAPEDS . AR SO B 4 AN — AL R B Tk IR e 2 A RS B DAY,
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4

4.1 HEBMIIKIBERERERKITN

BE TR 2 K AR A o 3%, HERAS B A A Va2 DX I KR
(K4), JTCeRAEFAY (6—107) WRAEHAN (1I—KES ), LRl LB
S RGBT R R BRI IR

N T PG G RO VLK S R A i al SEE, eI T A SIS R BT B, BEALG
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Fig. 4 Reconstruction results of incomplete water body of the Yarlung Zangbo River
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JEAEME & 5 A VL 3 T AR B 1000 S BEHLFE A 51, FI 1] Sentinel-2 A T fiff i 45
(20194F3 H . 7 A0 A H EEWE) XKIAEEZRITRERIE (1), AR
() HK AR 2519 PA . OA Fll UA EITE 82.0%A |, 34N BE/K A H 745 5L 1% Kappa £
BOFE 0.8 A b, AU f 28 S 04 D 25 32 0 R A AR AR A A S Ak o PEAN A SRR
B, A A YK S R 5 SR T AR Wi i (4 e 23 BhASRRAE .

F1 BERKERBEMEREITMN

Tab.1 Accuracy evaluation of the confusion matrix applied to the reconstructed water body

H PA(%) OA(%) UA(%) Kappa 2241
20194E3 A 86.9 82.2 82.5 0.9
20194F7 /1 82.6 85.0 84.2 0.8
20194F 10 A 89.0 88.4 88.2 0.9

4.2 HEBMILUENTZTLSH

TR E] 2000—2020 4 A B AR V1 _L A T UE B 24 se AR kg Bl (ES), 2000—
2020 AFHATE] ,  FEEHEUR VI U A -2 G B O A, BERKOR R 2.5 m/a, MEEE
VLR 56 RIS TR G LI FRER S, L SE 28 fbh 3 . 2000—
2020 ), MEEEARIL L. B R TE 53 BIAE 120.5~472.9 m. 173.9~872.6 m FlI
84.0~256.6 m Z [AIP 5, LA 8532 4 243.0 m. 463.6 m F1180.0 m, FHEE A
YL FEAE N B A B3, b N IR B AR R R 23518 190.1 m, 453.6 m
F190.3 m, TPUFNZETTARIE SR, U ARIE N, U EH IR S AT BT i 4 )
HAEE K (KI5b).

RG] (s 0y) FeE AR VLT AR R 2 [0 B A S fs 8, i ar
S A VL] T AR A 2 (B AR SRR A, Sz T Hb B RN ASABE (R), EeAR VLT
T T e Ak e s Bl 22 5% . 2 PR T Landsat DR 4333 (30 mx30 m), MEE AT
AT RSB TAT I B A5 A0 R 30m., T A V.24 50% LA b BTRIE S5 RS /N T 150 m, (Y 2.0%
BT B FE KT 2000 m (&1 6) o AHX T HB I b BRI XTS5 AR fR OS2I, A 7T
Ty Ge AR A A7 S A D B/, it 52 5 5 HER Google Earth 5218 78 IL i ik
R RB AR BEES

FRYESCHR RO A, M A T P 7 X e % B S8 5 UV B 57, A AR 2%
PG R, MR N, WEE KA SIC R, & F & KR

a. AFIBI AR T b. AR B S AR
1900 : 1000
— AR — kW Rl — T
750 800 -
£ g
i nin & 600 |
12 500 (\ q A W 5
" 250 gl ] Uﬂ' M ‘ v = 00 |
e ) ”WIV Y z VALRY - +
0 . . \ . ) 0 . ) . .
2000 2004 2008 2012 2016 2020 L R OB T

4

5 2000—2020 AFHEG AR T 9221k
Fig. 5 Variations of river width of the Yarlung Zangbo River from 2000 to 2020
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Fig. 6 Variation in river width and longitudinal gradient of the Yarlung Zangbo River

Wi, TESEER, KAZHIR, WRPTE2ER, B, 2000—2020 4 LUHE S AT VLY
i ROAKIEAE i 5, I H GSW  (Global Surface Water) %5 $ig 42 0 v 25 £k 5 i £ 4
(Water Occurrence Change Intensity, OCI) X [ 1984 4 L) & it A7 1 i ] 45 b [X 320K
T T S AR RRIE A T R R B ERIRIT AR A3 21.9% 7K R kA= i R, 2
1.7%M9 7KK 2%, BT 11% 7K 3R, T 45 L DX SRR i -2 A 30T 9E 24 1696.3 m, A%
M5 92971.8 m (FRAH N 3306.3 m, H/MEN 388.4 m), Ul TR AT A4 1) 98 2= 15
PEARACIRR s T WA S8 5 1 S P A L DK B AR B 119 e 3 U PUOGE 2R 1) g it , IR 0Tl 1Ao7
FIARTRAL, K e BB, A2 WE 2 main] g8 28 15 M AR b B/ HES R A
(3R] B AE A A AR K S0 3R] it /K S PRI A 2 5, S BB A 80T 5 0, T LT i e sz I
H AN [R)TAT By v il I ] B 22 AR RE (7)) 5

5

51 BEHHTIRERERERRITN

AT T TR 0L X, B ST FE R . b T VA AR S0 B30T 5 0 o o
M, T 525 114 A0 Sentinel-2 JHURE (-0 A5 V540 B R 25 BAR, BT,
P S A VLA B S 45 (18) . AU Google Earth WJEE THL, Wk
ERATTE T L 3 AT BRI IE I, JF 5 A IR T e (R2), 4
SR : th T Sentinel-2 BCHRAYZS 148G , i SO M504 T I SEAR XS A SO T
GLAD B FLAO I 55245 B K, LR IR B S5 MU — S0, AR 22 340/ 18
2%, A S A YL SE 45 S B R TT e
52 REMHTAEDEELM AT SRR

ARG, WK R B e SO BB B 0, A YT SR
TR RS, EA R R B, R (L R X, B R T2 )
A PRI 22 50 5, T AR ISRt s f e, T S5 P IZ L i A VT
SERY A AL B ORI K BRI, A SR IR 3075 L7 5 2000—2020 420
IR EAT AT . KA AT b b R R R DB A S A R (Feok
FURIE) AT AR CHEAMT (119) . e RUTL TR S Mk . 2



2870 i B 2E 774

a. FLERI B 8721

KAIES) . \\ G\‘ﬂ

wr 100 - s o

i, || - G| | A S
SEF3 T (m) FE /K T (m) k A 7K IR FE (m)

l 3500 l 3500 I 3500

.0 -0 \ -0

b. ERIRIAT BER S AR L
sl X

b
i;

&
ARG L,
el
N, St M| | A
P 8 (m) FRHTEC 7K T (m)
I 3500 o | 3500 ' 3500
.0 -0 o 50

K7 HEE AT VA R T] BE i 58 s 2578 1k

Fig. 7 Dynamic changes of river width in different reaches of the Yarlung Zangbo River

MAE# BB IEACE R, MR RMEYIN0.7, HiEid T 0.01 (0 E(ZEKR, K
A T T B Y S e e, I S AR MK IR LA O R e, RIEYY
H}0.7, LUE. TR KRN SE A DS EA XA S, RIEHIM 0.5,

2000—2020 4 Ak &gk A7 Y130 5 5 B S i A PE Fn s ARk, X SRR SR A AR
ARG (E10) . 2000—2020 4FFE S 58 AR V13 3807 Y8 1.4 °C, AERE K 2 7E
408.2~607.7 mm Z Al 5, ZAEF-RIREK F486.7 mm, 55 FEAK — 0TI 2 TAT 5 ) P 1
e 2000—2020 4FHEE- A VLI Ik MRS S MR . AR MoK B 2B,
R K B3 Ik B B R T 7—9 A B AR AR N, e I R K 2 AR R K
WA 47%0 E o AR IR AR T 2 0] AR e, b R A 24 K
A2 A 254.5 mm ., 484.3 mm F1845.9 mm, TS JEAT VT HUE AT JiF s DX AR R K 0 5L 4
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Fig. 8 Variation of river width in different parts of Yarlung Zangbo River

R2 AETUERBEITME

Tab. 2 Reconstruction results of incomplete water body of the Yarlung Zangbo River

(AL sy ] HTF GLAD A% (m) JET* Sentinel-2 i 5437 9 (m) AHXT R 25(%)
A 20164F6 1 119.6 121.4 1.5
202048 H 137.9 139.3 1.0
B 20174E9 144.4 147.0 1.8
201845 H 131.5 131.8 0.2
C 20154F 124 452.0 4532 0.3
20184E 6 H 391.1 3935 0.6
L rhiiE T 272
~ 200 3=0.1796x-22.907 4| —_ 200 —_ 240 y=1201265267 ¢ 200 y=02791x-33.977
é 150 4 1#0‘5P<2A01 E 150 4 g 180 R=0.5P<0.$);’.4, E 150 A R=Q7I?<:).((¥
g 100 - ,3y = g 100 g 120 - . %’ 100 ) '?‘f
#® 504 L 50 & 60 50 g
S d 3 —g@;..
06 150300 450 600 OE) 250 5007501000 0 0 45 90 135180 ¢ 0 160320480 640
YT I 9 B (m) - TR 9 BE (m) ” TR L 98 B (m) y YA L 98 B (m)
. o [ I S T I
el E 14 E 7 E 24
v v o , v
-15 -15 —— -9 TR -12 P
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Fig. 9 Correlation between hydro-meteorological factors and river width in different parts of the Yarlung Zangbo River
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Fig. 10 Time series of temperature, precipitation and river width in the Yarlung Zangbo River Basin
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Fig. 11 Dynamic change of average river width and precipitation/temperature in the Yarlung Zangbo River
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Mapping spatio-temporal variation of river width from satellite
remote sensing data and hydrometeorological response
in the Yarlung Zangbo River

XU Jiahui', WANG Shidong', SONG Lijuan', ZHANG Dapeng', SONG Chungiao’

(1. School of Surveying and Land Information Engineering, Henan Polytechnic University,
Jiaozuo 454000, Henan, China; 2. Key Laboratory of Watershed Geographic Sciences,
Nanjing Institute of Geography and Limnology, CAS, Nanjing 210008, China)

Abstract: River width, as one of the basic parameters of river morphology, is very important to
understand the hydrological process and ecosystem function on Earth. The Yarlung Zangbo
River is not only a global plateau river with typical regional characteristics, but also an
important international river. However, due to its remote location, mountainous terrains, and
harsh environmental conditions, the gauge stations are sparsely distributed in the Yarlung
Zangbo River, which greatly impedes a better understanding of its hydrological dynamic
characteristics. Satellite remote sensing makes it possible to monitor and analyze the wide and
long- term dynamic changes and to examine the hydrological characteristics of the Yarlung
Zangbo River by providing multi-temporal image data. Based on the Global Land Analysis and
Discovery (GLAD) dataset and the threshold segmentation method of water boundary
inundation frequency, this study reconstructed the complete monthly water area of the study
area, and then estimated the spatial and temporal distribution of the river width from 2000 to
2020. The results indicate that due to the seasonal differences in temperature and precipitation,
the width of the river showed a significant seasonal variation from 2000 to 2020. The seasonal
variation in the middle reaches was the largest (453.6 m), while that of the downstream was the
smallest (90.3 m). Influenced by climate and topography, the spatial distribution of river width
in the whole course of the Yarlung Zangbo River varies greatly. The narrowest part of the
observed river channel is about 30 m, i.e., a spatial resolution of Landsat images. The
maximum river width in the middle and lower reaches of braided rivers can reach 5935.7 m.
About 50% of the river segments of the Yarlung Zangbo River are narrower than 150 m, and
only 2.0% of the river segments are wider than 2000 m. From 2000 to 2020, the average river
width of the main stream first decreased, then increased and finally decreased. There was a
very significant positive correlation between the mean river width of the mainstream and
precipitation and air temperature, and the correlation coefficient R was 0.7, which passed the
confidence test of 0.01. In addition, the monthly river width based on GLAD was also
evaluated by the river width results derived from 10 m resolution Sentinel-2 data. The results
showed that both of the relative deviations were less than 2%, indicating that the estimation
results were relatively reliable in general.

Keywords: river width; multi-temporal remote sensing monitoring; seasonal variation; Yarlung
Zangbo River



