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FB e D UK 5 Y R DR, ol AR A R GE 0K 23 R
PR AT B i 28 4k, R 5 W )1 A2
AR E R (RS 55, 2019) . 798 J5
JA Bk S 2% . KR ARZ, A AL 1) 74 R I
B J7 ) A7 85 BLARTT | Bey) . VL, eV (UR
AN R (BRI o HES A VL (e
HAFRLT ) | PET B EEYAT Bk B 2R A
HPJE T UL L DI (BT 45, 2022) . FETT
e B AR Z2 TR, e T o A O A A 2 TR R
AT L ARSI . A2 i T A PR R A 2%
PR BRI, 8 e it b DX A K SOWI — & L B
B, HATE Rk S SURA LAY, EEM
TE = AR FBAIFG B (Cuo 55, 2014), i I IX 3
AR AT A 1l T LI SR B AR A ST
B ELAT LI 32 7 o SRR S R AT R X, HL
NE 725 <3 s 187 VAR 1= o VIR T 7 A O
G e L DX R RUBE T K SCEER Y 25 B s (9
JeR A, 2021) . B TLARTEIREOR ) CHUE R,
A RO G 2 5 R B S g 2 I
FAKIATTRE (Alsdorf 4, 2007), XX IFFE T
e J R A b DT I Y K SCEER AR A L
PR, BOR B 22 110 2% 38 T Ik e 45 v it S 28 3 i i
T BT JRIK SCE R R S IS

ARILAE “Web of Science” #ZLEIEEN, %
BB K 2R 70 TS=(viver) AND TS=(remote sensing®) AND
(TS=(water level ) OR TS=(discharge) OR TS=(river
extent) OR TS=(area)) X 1960 4-—2023 4 ) SCHk
AR R, FRE R R (CNKD  Hfd A
RRCI D/ AN/ 5 GNIS :¥ - SN/ & RN V] T2
27 A i SRR AR R ARG SCHER, XA
B ARSI SCHR G R R AT T geit (K1),
KB “climate change” ,“model” , “variability” . “runoff”
GRS, 1 OCHE ] “Tibetan Plateau”
AR R AT HR B, 3R BT s R T A X PRSI Y
DX, BE T AR R I R DX A R T 4
BRI 5T B E B o Sy — 2D R R T R e
R YR DK G ) B AN PR S, 8 fin A L e R i)
(Tibetan Plateau®) F1 7 ik 5 J 7 78 DA L 80H8 22
WIETR R, Sl ik OR T 735 5 s sk
PSR TT I 7K SR 1 2 AH O 1 SCRE R A7 Je 2203 #
AR SCRE T X S ) P 3 SR T B S i T K S SR B
A DR A A SO B AR DG AT 8 STk, DA JEOUL
BRI I U 2K SCEEER W I D7 v A E AT A B4y

A, AL I T 4% A R 7 YR AR T TR AT 7K ST
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Fig. 1 A diagram of the research hotspot keywords presented

in the studies on river hydrologic remote sensing technique
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(Huang 5%, 2018¢) . i )t 18 I8 R 48 UK {4
F9 JEL B 7K I i 3 ) S8 44T T 21 Sk Bk
SRR, KRR ITTHY S A, 1T Fli 48 0T
0 S A 58 e, BT LA ) T 21 A BOR Ay s K AR
RS VR L B 5 T A K Y LR 9 R R R
H 704-(RLIK, (422 I RK NOAA/AVHRR Al
MODIS 4573 B30 1 km (AR 53 B RG22 5008 H T
W) R 70 Ye] 7 B BE 7K (Barton #11 Bathols, 1989;
Zhang %5, 2014), HALHGEATRIFRHAE R 1—2K
() v ATOURIN . Bl J 5 ] Y Landsat & 41 T3 AL DA B
Fe o B AITARIAEIL A, ek it 7ir
AR 2201 Rl AR B . 2 DN EUR TR I Y
Landsat 08 I & il /1 1 17T et 0T o 28 A 8 T2 2L
UL 7= b . 0 Tsikdogan %5 (2017b) 3 T GEE
(Google Earth Engine) {5 X358 JC = Landsat 5214
HEAT MRS B, R T h O 2 AR ST 58
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M T — ARl LAY A S AR e A i 2 1A Instrument) BUARAX, AT LIBE 55 AAAT DL O 3] Jod e 21
5% RivaMap; BCHIERSWF5E .0 (JRC) BT 2 SR 13 AEEE B, TEEVIFBINS 4, &L
AF Landsat 52 8 7545 2] T S k42 BR 4 3R K ) 24848 XA 3 d (FeyisaZ:, 2014), Bi& ., MODIS,
1k 19 B35 42 GSW (Global Surface Water) (Pekel Landsat Z& ) #11 Sentinel-2 2% . WorldView & 31| /&
&, 2016) . Landsat 9 ¥ % H 5 J& 4 2L I fin 5% H AT T K SO i g AR AR . by S PR
Landsat 8 AL 55, LA DR AU O ZE 21 (Wu 55, ARG . R 12 TR T IR B0
2019) . Sentinel-2 1E & KK M fiii K J&) Copernicus FURNIEARSE
THRI A — 3 4y, H 5 40 MSI (Multi-Spectral

F1 BTFARKXEZRRINNERAALZIESH

Table 1 Optical satellite parameters for river hydrological element monitoring

MERE-2 s EZ ML % Bt e 4 lFRTZ A 23 [F] 43 B fm H ] 53 B/ d
NOAA 1979 AVHRR 1100 0.5
Landsat 1—Landsat 7 ESJES 1972—1999 MSS/TM/ETM+ 15—60 16
Landsat 8/9 20132021 OLI.TIRS/OLI2 , TIRS2 15—100 16
Sentinel-2 A/B Wi R 2015—2017 MSI 10—60 5
Terra/Aqua ESE 1999—2002 MODIS 250—1000 1—2
SPOT 1-7 P E| 1986—2014 HRG.HRS 1.50—20 1—3
WorldView—2/3/4 M 2009—2016 WV2. WV3 WV4 0.31—0.46 1—5
GF-1-2/4-7 i 2013—2019 PMS 1—16 2—5
22 FirfRREEE o BT, N T BN K ARG SR 328 X

2 A 1 K A% A 2 45 A T WAL RS, FELLA W FLIE H 15 SAR  (Synthetic
__%/_R,fqzﬁjnm’ ,\ﬁéﬁlﬁ S m/\ﬁf Aperture Radar) MG . 250 7)) H T

g

z#m%mg LSRR s gy TR R AR RS
RIS S19 AT 55
X2 HMOERELIESHIT

Table 2 Overview of common radar satellite parameters

TRME IR E R AR ] /A ek I =X SRR /m AR
ERS/SAR 1991—2010 VvV 30 35
Envisat/ASAR TR ALK S 2002—2012 VV.HH .HV 28 35
Sentinel-1/SAR 2014 £4 HH.VV .HH-HV VH-VV 5%20 6
RADARSAT-1/SAR 1995—2013 HH 8—100 1—3
N )]
RADARSAT-2/ASAR 2007 £4 HH.VV HV . VH 1—100 1—3
TerraSAR-X/SAR s =] 2007 £4> HH.VV HH-VV HH-HV.VV-VH, 1—3 11
COSMO-SkyMed-1/2/3/4/SAR BEARH) 2007 £4 HH.VV HH-VV 1—100 16
ALOS/PALSAR 2006—2011  HH.VV.HH-HV.VV-VH HH-HV-VH-VV 1—100 16—46
EEN HH HV.VH.VV HH-HV VV-VH,
ALOS-2/PALSAR-2 2014 £4 1—100 14

HH-HV-VH-VV

GF-3/SAR i 2016 =4 HH.HV.VH.VV HH-HV .HH-HV-VH-VV 1—500 1—3

19784, SE[EEZATA MK )= NASA (National Aef (] S T, (L B Sh HE B T A B FL AR ik Fn L
Aeronautics and Space Administration) & 5 T 4Bk A% 2% A% DN R 25 0 I TR T B BORWE T, bRk
— WA A FLAR B ik LA SEASAT, {HiE4T 105 K # SAR B A kA T 25 (0] 404, (Davis £ Sun,
Em?%rﬁﬁﬂaﬁﬁfﬂhﬂ’ﬁo R SEASATIfES  2004) . Z )5, &R, HASEEZKM ERS,
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RADARSAT %5 & il fL 44 75 15 T M4k ok A K2,
SAR T A W3z 8 WA/ B . Beplfl . s — T AE
Bk R B 2t 2 TAEBA,
T K F 2007 4 & GF (9 RADARSAT-2 T8 A2 7F
RADARSAT-1 fy3a I, 38 T 57 AR B0 1 3R B
e, SR ORI = Rl 4 a0 T TR A U R
3 HER H RADARSAT-1 899 m 2 FH5] 3 m. [A)4E,
oA XU B ML ALAR B i A A8 1Y TerraSAR-X
F1 COSMO-SkyMed-1 T2 sl o Ft2s, Hzs )4y
PR N 1 m, SR 2 PR TR IR AR AT LA
Jifi 4 ) 07 30 R AE AN 3 b SR A 40 S AR AE . 7E
TerraSAR-X T & B fili | 23k ) TanDEM-X TL 2 ,
XU I A5 T Ak 4k v G 5 v R A R R
Bl , HOARE 7 HER A S A8 DEM (Digital
Elevation Model) U4 2 #% )72 H F 18 i K
D7 I AR S BT K SCRELHLAE SR . BR S Jm)
2014 4F K519 Sentinel-1 TR HAT WU bk, H
b i U A X (A5 T B 18] 3 B R ] 45230 6 K
(Torres %5, 2012). HAETAT LA I AR B =40 R
12.5 m /) DEM %4 & H H 7819 ALOS TL A, ALOS-2
TAET 20149 K4, 2 HErE— WS L
WBM A AL RIA TR, R M
X, AR B A LI ECHE R T A R A
I as 7R a3 (Amesen%s, 2013), HETE20164F
RS T BB HERIAF] 1 m 1 C U B 2tk A AL
BRI DE—T =% (GF-3), BEWIRECRIF
7 R 2T A T A A B B R . L. XL C
P BT AE L SAR MR & A T, B RS B
B F BT R IR AT A2 KT R — X
B SAR R T4 B, X, C B s B
HURE, T LR (Alijanigﬁf, 2021; Changg‘fi,
2021) . £EFHE Ik TR BFFE I K SCAS AR T
e 5 ) S0 A B X7 AR ] 30 e 0 R v
AN TR 2 AU B o S5 m) AL, 38 B (R AN TR) 5 i T3
FETE M) 28 3B PR R RO REME R, kARt
F B KT B, 53 BRI 5 e T X AT
PR . TR PR ELAR W IIAT 55 1Y 75 SR PR A 18
MERIE T A . 21 el & & sfLAE 5 s T A R P
KR, W AR B B A — R B TR K
SFF R i v YT I K SC W T R AT AT, PR
T4 PR SAR B K 7 1T 3T /K SC iy i 2 A R
R A R RS

23 DEINS

1969 4F, 3 [ K Hb I i 2% X Kaula. W. M. #(#%
] A b BROFITE P P B K 2 i kB o T A
FARE & o T I v B R S 2 R T L o A
ey m T, SRAR T R . BEE I R
PRS0 $E T, LR FH 400 8ak th, 72 7 DAY 1] 18
H. RN EEKAEY R (Desai, 2002; Guerreiro
& 2016; Liu%s, 2018; KouraevZF, 2007), fif
At B AR R T AR SRR A K A B

TPAERRE TR R, 19734F
5 [ BT & S A A e e v I A —
Skylab, HM & HE BRI 1 m A4 (Quartly 55,
2021), MIFLEMARSHTRIFT T T IRSCHAE, 25
WA RE, Mgk RS T 2EE TR (B kS
() J2 0 TR M HOOE AR SR 3) o 1978 4,
5 NASA R GHEB T Bk @I 2ERE —Pa
AL FLAE TR 15 TR SEASAT, o & K i b AR =
/NF 10 em (Leben 2§, 2011), )5 35 EWHEZE K& 5
(1) Geosat W 45 &5 & T 35 i B2 11 3F A T LB B
(Davis Fl Sun, 2004). 52 AL, K T
FER WA FE 0, BRDTR /T 1991 4% 1995 4F
12002 4 J¢ )5 & 5 T ERS-1. ERS-2 F Envisat
3 PR, X — 0 T2 ERS-1 fil ERS-2,
Envisat ¥ 2% T B — 10 5 5 & 1 RA-2 (Radar
Altimeter—2) , 0 /35 4% J32 Bl 22 4 o 38 T JREOKR 2%, B
A b LI DL K R BR RS AIAE VR UL [
— W, 365k = RS A RN R T TOPEX/
Poseidon 1 Jason & LR (Papa %y, 2012), 4%
PEAT X BRI R W AR S5 . BR T ERS &5
M AL, BRZS JRAE &5 CryoSat—1 RIS, K4
TR ARSI Ka B BB AL T8 T 2k = R
(SIRAL) 4 CryoSat-2 10 & , H 1 mi 2 i
(footprint) #/IN, 2 H AT 35 A b o ] 5 B s
PR, R L AR 4> HER AR AL, &
TR . KRR 430 F 2016 4F
12018 4F % 5F 1Y Sentinel-3 X A 35 H b 2 0]
W WAL M W B IX. (Zheng &5, 2016), HA&
# SRAL A LA B 34 i T LA BUTAERL,
FE Ku BBz I UL SAR B2 1T, SARBL AT L4 =
o BE T KA B A 5 (IR 7, 3R /NI i
Ryt A EEE L, NESEEASEVS M
SARAL T A T 20134 &G 25, HAELE T Envisat
HIE . AR T — M Ik TR A Ku BB,
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SARAL R T Ka i Bt, PRI H kb 8 &2 A5R o
o R IR/, SRAERE BT, IR B A X

B (U2 Ka P BEF B MRS, AR H YK
TRIERS SEMR R, B A2 B R ) AR 3™

®3 EREUMNIENSIERHEEZESH

Table 3 Key parameters of launched major altimetry satellites and their important parameters

PEREET) R[] 90 L4 T EWId R R ANMkm IR B fem BB
Skylab($193) 1973—1974 — 8 85—100 Ku
SEASAT(Radar ALT) 1978 17 1.7 20—30 Ku
Geosat(Radar Alt) 1986—90 17 1.7 10—20 Ku
ERS-1(RA) 1991—2000 35 1.7 10 Ku
TOPEX/Poseidon(Poseidon—1) 1992—2005 10 2.2 6 Ku, C
ERS-2(RA-1) 1995—2011 35 1.7 10 Ku
GFO(GFO-RA) 1998—2008 17 2 2535 Ku
Jason—1(Poseidon-2) 2001—2013 10 22 42 Ku, C
HILE LT Envisat(RA-2) 2002—2012 35 1.7 2.5 Ku, S
Jason—2(Poseidon-3) 2008—2019 10 22 2534 Ku, C
CryoSat-2(SIRAL) 2010 E4 369 1.6(0.3) 1—3 Ku
HY-2(ALT) 2011 &4 168, 14 1.9 4 Ku, C
SARAL(AltiKa) 2013 £4 35 1.7 10 Ka
Jason-3(Poseidon-3 B) 2016 &4 10 22 25—34 Ku, C
Sentinel-3(SRAL) 2016 &4 27 2(0.25) 3.5 Ku, C
Sentinel-6/Jason—CS 2020 4 10 1 — Ku, C
SWOT(KaRIn) 2022 4 11 — — Ka
ICESat(GLAS) 2003—2009 183 0.07 10 GREEN, NIR
WOt kR
ICESat-2(ATLAS) 2018 &4 91 0.017 10 GREEN

5 ERFERmEIT TAEF AR R, £E
TE 2003 45 J S 19 42 2R 55— WUBO LI & LA ICESat.
ICESat #4211 GLAS I &5 JE Tl e s, JL
TAEM R A BT s AR 2 A%, BA T il
oA B R S R (H T TR
HL 5 JR RN 1] 25 B2 25 BRI, ICESat/GLAS HATE
K LA R 7K A I B #2018 4F 9 R G
() ICESat—2 #5 2% T 1 2 b JE 06 I 1= {1 ATLAS,
T A 2 S 1 IOk b R BB S R o, b T SR A ] B A
MR/, 20224F 12 H 16 H Mg 7K FvivEHE 10
2 SWOT (Surface Water Ocean Topography) Ji{ T
RS, SWOT bl /K 3¢ H AR & A 4 2R Rk i
Wrzs 284k (i 2k 45, 2017), A3& )42 A i
. U KGR KE . W, mrSENAEL, &
23 [a] 43 HEAAH 45 SWOT X IAT 52 /N T 100 m A9 IA] Yt
AARLF 0 WIGE ) o 1L G000 TR 3k = BTN R AE
T Ml TSI 000V T g R T b KA v
PR A AR, A B A A ] Ay HER AR R
FREE 1 BRI T XAl K S A . 1 SWOT I

BEAT DATE 4k 2T I b R K AR = R AR AL, A
BT S DRI N A% e ) s KA 2 o ) S . PE—
P& 4RO R BE T (9 TCESat—2 A1 FH - 35 A ()
1o LA CryoSat=2 A1 LA T 47 (18000 5y H B85 A 1y 5 (]
G B AT K SCIE &b R B RV Ty,
TR PR K G R 7 R i T A
(ELAE I S AT 5 2356 285 B AL RS R Ik i Ak 3
SRR R A Z 0T R &R, i E fol & Y
TEBAE

3 JRLIAL I FRAT 5 1 S

3.1 ARERGEERIRE T A

VR SR SCRERI A B2 8, I i K 5
L/ B2 9 A8 A v b3 DR RS L {0 s ORI 2 A
BRGATRZFL o A G000 52 1 7 4k TGk 1l
AR A R AR A B TR, T R AR R
AT 58 B A 72 i 7 o T B

)P G 27 3 R A8 A JBCRT i /K BB L o 32
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SRS T3k v, DAK AR Bk 1
2, UL 3 SRR PR 48 B0 58 1 RGE
R UL 4 ARFE B0 i DR BRI A K AR 3
W B RO, T A T A I B S R AIR
SR 1 B U = a1 | S R N N T NS |
0 i M S 2545 B, e 2l R E X 43 K AR
FRSAEKIEIEE . TR K ARS8 807 4R I
KRG B, MW R E A& EE. e
SEARTE A 5 . ANEFSE A, a5 5 B i
E I —A T E B ()8, 3t 2 X i AR 5T 1 A
MOCERSE] %, 2019; F/hs 48, 2018). IE4h,

SAR B8 S ATt )2 I T 3 /K Sml 3 ] 8 B R A
AR o ) SAR 52155004 4 BT It K AR 1 7
FEA B KR BE S B L IROE S,
Horp O T E A 8 AR AT DA 3 kG R 4
(Brivio 5§, 2002), {HIEIERERVES . S ATHT
gerh, R 2 0 K R 1M 4 1 1 A R
Kla Ty 225 (225N 5, 2010) . f§EIE T KA
WA B 7 A A o DB VR U 32 B H] T S i SAR AH T
TRt P 7 R R AR S O ity s, DA/ 4
FIEAZUED (Klemenjak 45, 2012) b3,

x4 ERKEEBIIE

Table 4 Comparison of common water indices

KRR AR

Sy
o

LAY

NDWI NDWI=(GREEN-NIR)/(GREEN+NIR)

RS o AR AR A5 5L, 28 UK IR R s S A 105
LK A5 BIRIE , Z kS W = AR B s ok

REAS A 25 R i R F1 L RS R, 2 KARHAE s 52 PRS2 32

MNDWI MNDWI=(GREEN-SWIR)/(GREEN+SWIR) B
~ REASRLIF IX A0 KR S B3 5 32 VK S = ALK I 52 e, A
FNDWI FNDWI=(FGREEN-NIR)/(FGREEN+NIR) P L X 2 e Bk
_ . . AEHI 55 TR 1R T AL A B 52 52 0 die KT 32 5 SBOK il 10
RNDWI RNDWI=(SIR-RED)/(SIR+RED) P e e ]
FEHRY
- T B BUF XAy ARARFNT R | BRI RS AL AR I 52, 35 1 T
SWI SWI=BLUE+GREEN-NIR 1K 0k AR
AWEL AWEI_ =4(GREEN-NIR)-(0.25 NIR+2.75 SWIR2) 3 P T BT 5 2 1 R TC 152 DX, 45 4 0 P T i okl 5 4
AWEL =BLUE+2.5 GREEN-1.5(NIR+SWIR)-0.25 SWIR2 5 A 5 Rl 12k 185 (0 B AR b 49 | ANAE 45 SR B/ NI 3
Wi Wl,,5=1.7204+171 GREEN+3 RED-70 NIR-45 SWIR1- X LA /K (RFE 5, o T2 1 5 DX 3= 79 PR AR AR /R AR
015 71 SWIR2 0 I AR IR J2 3 EL 50 o

Hil, C&AF2%E S TREBE4IT
K ESEEECR R 8 R (Durand 45, 2010), JF
B T B ABUR . W Yamazaki 28 (2014) $2H
IR UNEN=EY € Y A N E W E ) B2 G R A
IE 807 5 PR AR SRTM DEM 45 B A 7K 22 53
4E F HydroSHEDS it 1] 1 5545 21 B JL 26 60° Z (1]
1Y 42 BR AR T8 B B (GWD-LR) . Pavelsky #l
Smith (2008) LT MODIS &L TIF & T A 3hik
O] At v B A RivWidth; 17 5, Allen Fil
Pavelsky (2015) FJHZ T HX L€ Z4E T =19
Landsat & 91 52 A% $E BOKAK , TFESEY R TR
CCII TN I X2 | I | S 1 -/ &
(NARWidth) , 3255 —A> 43 HE o K R EE ] ik h
ORI T8 BERCHR E . 2018 4F, ZHFST 141 DA A It 2

il - JF A T 4 BRI G B B JE GRWL (Global
River Widths from Landsat) (Allen 01 Pavelsky, 2018),
ST FE KT 90 m (AT UL Vi P B L A AR
FTZ N T AR S RGESE L K B IR A B
T] 3t b A AIE S NI I T R vk Ok A Dy, (R AR
L DX P A 7R e B PN e X ) 35 s 1 0 A X ™
H, Mao%§ (2022) i iz AL HE4E b A TRI L Hh 0 26
A ORI AIE £, X2 30 mos 23 HE R A2 BROK
{RECHE 441 GIWBM  (Yamazaki 45, 2015) . GIW
(Feng %, 2016) . GSW (Pekel %, 2016) ., GSWD
(Pickens %, 2020) . GlobeLand30 (Chen % ,
2015) . FROM-GLC (Gong %5, 2013) #4750
HE, RN (FERE/NT 300 m) A il 1R B2
(0.51—0.94) 5B LR A= ERE (0.86—
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0.99) fFfell 225, FILAEITAL b 3 K B 45 1)
iR A WA A NG A A N RN TR AL ST
Isikdogan 2§ (2015) F|H Landsat 2 3 5214 Fl A 3)
A P T L RivaMap 73 2] 1 46 3& 03 1) Hh 26 Ao
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Fig. 2 Accuracy comparison of remote sensing methods for

extracting river surface and width over the Tibetan Plateau
based on the results of the literatures in this paper (Xue et al.,

2023; Lietal., 2021, 2022; Liang et al., 2022)
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Table 5 Accuracy comparison of various waveform
retracking algorithms of satellite altimetry for water

level monitoring in the Yarlung Tsangpo River based

on the results of the literatures in this paper

EZ BTN ik 2Z4:)%/°E,°N)  RMSE/m  STD/m
90.2500 26.1100  0.58
91.6500 262200  0.78
91.0900 262000  0.29
917100 26.1800  0.28
Dubey 4 - 924400 26.5500 0.6
(2015a) 92.5300 26.6100  0.99
93.1300 26.6400  0.98
93.8000 26.8200  0.96
94.0400 26.8700  0.95
94.4700 27.0400  0.89
925900 26.6100  0.15
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(2021) 91.8000 262100  0.36
91.6700 26.1700  0.27
89.4900  29.3300 0.87
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94.8800  29.5500 0.39
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Fig. 3 RSQ methods selection guide: A decision chart for practitioners (Note: Modified from literature
(Gleason and Durand, 2020))
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Study progress in the river hydrologic remote sensing technique and its
application on the Tibetan Plateau

LIU Shugian'?,LIU Kai’,ZENG Fanxuan’,SONG Chungiao®

1. College of Surveying and Geotechnical Engineering, Henan Polytechnic University, Jiaozuo 454000, China;
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Sciences, Nanjing 210008, China

Abstract: Rivers are integral to the water cycle, underpinning human development, ecological health, and regional climate stability.

Recently, global warming, glacial melt, and recurring hydrological disasters have intensified disturbances in river systems, necessitating

broad-scale monitoring of complex hydrological changes. While traditional field measurements are valuable, limitations in their spatial and

temporal coverage call for alternative approaches. With the advancement of sensor technology and the proliferation of satellite platforms,

(satellite) remote sensing has emerged as a pivotal method for contemporary river hydrology monitoring. Compared with hydrological field
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measurements, it offers remarkable advantages in terms of real-time data acquisition, vast spatial coverage, and reduced economic costs.
Various remote sensing monitoring techniques have been extensively applied to monitor river characteristics, such as area/width, water level
fluctuations, runoff estimation, and forming diverse-scale remote sensing products of hydrological elements. This study reviews various
monitoring techniques for river hydrological variables using optical or radar imaging and satellite altimetry. It analyzes the latest research
progress in the hydrologic variables, encompassing river width, water area, water level, runoff, and their changes. Additionally, the spatial
scale and feasibility of previous literature are thoroughly discussed. The Tibetan Plateau, known as the “Roof of the World,” is one of the
regions with a serious shortage of in situ hydrological monitoring data, despite being the source of major rivers in Asia. The application of
remote sensing technology for river hydrological monitoring on the Tibetan Plateau encounters challenges in data sharing, pronounced
spatial and temporal heterogeneity of hydrological processes, and intricate response characteristics to a warming and humidification climate.
This study begins by examining the main satellite remote sensing data sources and methods used to monitor various hydrological
elements of rivers. It summarizes the current research progress in river hydrology monitoring using remote sensing technologies and
explores future development opportunities. The review also addresses the advancements and challenges of hydrological remote sensing
techniques specifically applied to river monitoring on the Tibetan Plateau. Several persistent issues in river hydrological remote sensing
development have been identified: (1) The accuracy of extracting river area and width in regions with complex topography is severely
affected by mixed pixels and spectral similarities. (2) In areas with sparse or no hydrological stations, assessing remote sensing data’s
quality and potential applications remains challenging. (3) Comprehensive monitoring and studies on the spatial and temporal patterns of
hydrological changes in the inland flow areas of the Tibetan Plateau are lacking. Future research directions for remote sensing of river
hydrology are outlined as follows: (1) Multisource remote sensing data must be integrated, and the technologies and their applications must
be enhanced for hydrological monitoring. (2) Universally applicable remote sensing algorithms for river hydrology must be optimized for
innovation. These priorities aim to address the critical challenges in hydrological remote sensing and enhance the capability and accuracy of
monitoring systems, particularly in complex and underserved regions, such as the Tibetan Plateau. This study aims to promote the deepening
of river hydrology research on the Tibetan Plateau region, providing more accurate and scientific —technical support for practical water
resource management and policy-making.
Key words: river, hydrology, remote sensing, Tibetan Plateau, water extent, water level, runoff
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