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Fig. 1 River water level retrieving algorithm in high mountainous areas based on satellite radar



342 KoBowE Bk R %33 %

2.1.3 FPRFRRIETH—BAKNF X R %

FEZS TR BEIR NI 1, M T 2R B oAb 2R F R b B A TR AR R S T & RRE
SR, WA S ATRE | IR R R AL | PR . R WA T IC ALK e P IR 4  4
AR B REHURE KK IR A S8, ST I8 M RS TR Wi F- B H b, 57 B PG R 5 DX 32 DX 85 179 1
FERMEIATE: 55 BT 2 R W B AR R | B RE T AN R B IA R | AR R T2
BERFIR T EMEIA R, fg T 28 oK IR R ZS M — IR R 4 s AR 2=, A as rhok SR s I,
JE KA RGP T 858 S 4

B PR IR 7E 28 rROK BEIR AN BRI O T, ST T A PR BRIEIE AN . iE R AL B, $RH T A ok B
VR ITAL  DRARAT A AL R A S5 53, TR T R G R 2 oK WS IE I & 18 T vP el 5 ik 3B iR
R AEZS FOKGEIRFT R BT, WEE T Bkop ARSI 5 75 38 7R 25 R i 45 (T E R R4 . CN109740173A
CN109740174A . CN108600908A ., CN211550160U, CN211525349U 45 ), R A4 J& JC I bt & B AR S 90 v TR
SRS B R 5 SRSB4, AR5 R ERR S 160 dB, ARASHR 75 & ST RE J7 I PRATSE . 75 A P Ee 23 vhok
BRVRIT KA AN 1, MRS R 2 i 00 % L T 7R X 2 55 R B AR ARV | T 2 B kAR 1 il A
H, ST 2B R T e R =328 3 R IF A 3h Jr 20Uk Y ZEM S A HIg R,
BRIG #2438 H AR N S AN IR T B TR AL A oK SRR R A A O E AR AR B ar Bt
FHREIAE 200 27, Bi1252 500 RAWK, SHAE S BRTH 2 EHIAEEGRE | SKE, o FE R
OISR AE S EGHAT T AW, S8R TR R T 25 ke A AT AR S A AR IR IR 55, R TR S s B
e 2 IO ATE S W b0 WAN 1851 53 S R W B =L 1| SRR ) B3 =5 | A9 L N = 2R B v R L o
H K BEIE T & RO IR IR IR £
2.2 AETREXHESE

FENTI LAl - RGN B, S B PG BN T B Al B R A R X W I A
PEATEER, TR T MR i, B7R T Ui i IR X 20K SCE R AR, ST TV e T I R XA
PRILETH
221 HFRHRAEGIAETPRLEEHBEE

ZUR TR | b TR A U R P53 B B8 S5 AN [R5 ) S8 R I 1] 25 ] 3B | WK B R P AR R 4K
KRES, ARG, BRI T a2 B ERR | FRERLE | o e fh & 55 1)
B - 25 - 35— A R R 23 s ROBE R Al 6 7k, i TR SS & . 28 R QI n i o PP A8 S5 m TR AR Jr
R, MR T EEHE, BIEaE . WEEI5 T, WE T H#m i Az ok SCeE R 8dRE . BT,
PRARTR TG TREK . 280K, WHFIKAL . AR, vRIIBTE: . Tk Y5 WIAKAE G | BoKAf R DL T S O 6
W TR K R R ) AR (IR | AR S g B A LA R K U, S A T 3500
a MEERATILIFATS 1335 512 a BYTAERR SR F ST 25 472 a B A AR FHY ) X ek 4
k4 715 VG B T 5 X KA A s 28 e A8 R FLT P it T S
2.2.2 B&HTRRRAKLEE M oA Fo TACHAE

et T& . BRESEREAER T P R IR X 2 ROK SCEER AR . I AR T R e R vk R
BRI E, 1976—2013 AFEFEE AR VLK) AR > 747. 58 km® (W0 K - 8.30% ), 1990—2013 4F.
BN X 37 20, 51 JE 22 AR R TR 609% 7 20 tH4E 60 AR 3 2015 4 75 7 I 7 T ARURN S K
Mg, 52 A KITA 2000—2017 4F EEUEME K 983 {2 m?; T LA GRACE Wi i A it M il 7K A8 1k
AR, O A VT RS 0 Bl b K i ) BRI B ST R, R SR AR 8 s ok g
P 120.75 /2 w’/d, AERRGEATIEINE 1 4.26% (171 42 m*/a) , Hor, HEG A VL2428 thok BE il
18.32f¢ m*/d, AFEARW AT G TI N 4. 11% (4542 m’/a) , WIETLF-328 ok B 5. 01 2 m'/d, 4F42



55 3 1] BRI, AF VU R TR R DA A A R L R A R R B Je £k 343

L TR J1 0 6.32% (144 m'/a) 77
3 . RIFIERXARUALLHLIE

BT EE RS RIER 1 A DCHEAR: 2 [m] 0 AN [A] 7K U B A28 T X A AR AR iy el i ATLBE™ BT T e R FE X A%
KRS 2 T0Lr BTk, 38R T = R XN [A]ZK R A28 3t () T L3 R S AR A B 2l s T #3w 5
IKLRGW DAL, G TLEEKE | L5 PR E R AR B R R KRR, R T HES
FE AR VAR AR AR ) [ sl B R AR SR i
3.1 BEERXEZRNSTEGKERINAE

IREFIC R REKIEMET EE T H, BRI 5 MO T — W R AR I R TR BR, MERL TR 43
BUNARRDKIEZ 225, NEHT/REZH . BEE AN REX, TRV E T 2 70mE E A
ZICLE AT, H8R T EE A TLAR I B K PR A
3.1.1 2 AFKEAEA S LM 7 %

FIHA TR R 28 HAT R IR AN IR A7 7o 25 S R, AT DA I v b 0T B2 7K - Al kAR 3 . B - B R 7K
LHAEZF FE RS BTN, e /L2, FRAFREHAMHEARER AR SH, 60 751K
M, BN KILIEEZ DT Y, RS RRE A0 R BA RN kS moK . %12 KSR
FNRICAIPERE Y IR R R T R A R R R BT 3 67 Mg TR R A B, 583 T N A
& Mg [Flf; 28 /R AN [ SR AR ) IR RS i Al B A TE 34, 48 T C- Mg [ 236 T I e A 35 A8 40 R XL
Pk A B X 7K A2 SR W5 RN R B 5 A Wi A A b D 3 5 AR TR A 2 ) S 4L ) o 22 R i T 7Kk L
AR ATRE R ER TR R, N T M-S VL P e R AR i i b T K B DTk, B T R R R AL R
A0 ) 5K TG Sl T 244G B T T K RN B8 B o] e HE I () Sk TE R R e S K e R AR R 3 S Y
) T HEIR AL T A B EE ) R RS R T Ra "' B 5 LRI AL G IR 07 3 A6 AN [ PREE ot 7K
FERT IR B ST ISR R A0SO AHSE A Y J7 12 %0 DK AT 5T A T5 S MR AACHE R 3R Eh e A BEAT E R
i, 38R TR K I R 7 1 WA A 1 Ve e ML R T LA AR
3.1.2 IELRA IR KR LR,

IR SCRER AL TR BR T R Mol A BB K IR AR AT (0 2 205, ol AR %) S5 (R R0 ok Fnviss e [l v R
()23 (B AR S0, 2 2R A JE X R R R LA AR A AN e v, O s R 38 8 TR Rl R R B
A4 A 2K SO B K R AT i, 38 RiE 25 15 a (8] (2001—2015 4 ) £ 5 A V1A% I A4 22 45 25 7K U5 40 i
H. BETNARNL A L 78% , BRI G 16% , BhVKART & EL 6% 5 FI AR5 T RS R B i 1 A7 3 47 24 ke
TR B RN 70.9 mm' | SENAERIRES RSB RFE 70. 6 mm AEH BT MO T S VT A vk
N AR A5 S A A VR A AR 24 vk [ S5 4 - 0. 542 m, 5 Hugonnet 25 & Aii B BUIE SR A1
S5 -0.546 m BONHEIE, R T OKIEARTEE R G
3.2 EEEXZREEINELNIE

RIS RHE T IR SCTRE, R AR AL BN R, ASMART AT T 20 ST 5 R A
AL N I RAT, RN T AK SCR G AR PLIE R, T 3T PR 3R v K S5 2 5 e S € X
AR EE R, BRI BUR, Bk S IH ROk DR R &, BA SHURI R E | 1T
BRI TR AR AR T G BRSBTS AE ORI, B T TR B vk S ) R T
BEA | ENT T VR R T Al R X R ARG R i, R R T AR S T ) R AR e, e T R
FEX AR BRI LA B
3.2.1 FHRERRRE KRR RALE

WERRIA N UK S 7k 08 LB AR B s S T A 2 L, 2R RS s R B, &



344 KoBowE Bk R %33 %

JEIE DR AT AE ARSI B AR AR, 72 R F TR ST, vKI I ERIZL, ARG LT ok Rt ik,
XA AL et B 2H ™ A R KT VA LR T T, xS R K1 R e R FL R e 2 43 % ] 43 A
ARG, oK1 e TE S IR A Rl EAT =S ZLVERT, X IR S AL B2 e 6 DI =511 il S Kk S0k
JO7 3 e FRAS UL AN T, A7 B PR A e T 0 AR [v) SR DR o T ORI, A 7 A sk T s i, il 1
BT i A IE A UK S R KBRS 25 ST 3, KR T AT AR AR =5 o3 9 2 1 IR AR S H ey
&, BT TN R AR S AR A RS R, B T AR RE FORORL K S T RS ROME LU R A )
B PR TR

TEVR TR LBE T AT, VR TR Rl AN A 2 2 B4 ) R R AR AL, 3 23 o A3 /K I B A T X A28 7 A
Wi, AR RS L X R X VR 2 ERAGULIN, 4878 1 R LR FUR s S A E AL . R )22 E
AR K S AR S R 50 2 Al i BEAH G, ELIR BE X 4 7Kz Sh AR M AF AR B (8O0, B R/ N 32 R 2
WA MG AR S N R AR A 25 284, St sr 1 24 L X8k . BB I T /Kiz sy
BT, JFR TR RS IO i A U0 1 R R A T R K B AR YA A, TSR TR AN ) R
AT PR R IR R S

3.2.2 AMETACIZ) TR T @5 KR 569 H B ZALHLE

H R TIR, IT 60 a AU VL lors o S 3 Sk 28k B3, SRR Sk 7 B8 e e R %, K
SCHEFR AR AL G R R A T 38540 Tk 1k 0078k, 5 & ELEE R W I 0 [ T A B R RE T X4
VR M b S5 e A D P R, R i AV Ak ) ) 2R AR R SRR 3 B A SR T i T AR R AR Y
RSN, EESL T E IR AR R AR MR SR A B, RN T ST ) MR AL
R 17 FH - e D 9 X B NS4 7 e SR R (R A R, HE S T SRR L b SR S R R (ML . R
JEAE) SR N AR (AN E K A ) Z M C RN R SR, A B FK SCBIRL G A S 500 s BB 5
e
3.3 WMERGIEREUNEENESREKESR

TR AR I D7 0 R A R B 345 AR TR 0 i A S s AR OG , R AR TE N A B A R, 12
TR PR HAT 224 RUBE (W JE BARRAE , X AR AR ) A 5 B2 56 P B (BP0 A 85l . (RIS, 33k SC
R 2 PR RN TR0 A% i R A T ARG A /K SCR R AR 5 FE R 8 T 4R T S A RRAE ,  ELN i R FE X ¢
B RRZIEA R . AP THRIER T OTAE R EoK, B8 TAVE KRS VR AL TR DL R R
FORER T R R ROK SCHERY | a7 T HEE AR VAR T A A0 1 Dy s AR A SR i 3,
3.3.1 ER T RERM A XFML A KLAEA

FH & R R T X AR 0 R AS AR ML A DT, 7K SO 55 oK | R 7 RS 750 AR ) 7 287 B B TR
G, BT IE T JEE X oA 2R Z K SO RRORL T 2 R BB AR Bl | A SR, AT LAY il
TR . BRI AR T RO, JFA 2 00R BB RIS HGH A TR, BER TR R 7 5 [H)
RCPE AR RIS R, oA RN g B 5 X 37 b A 3 ol R A A 40U Tl 46 7o T L8 [ R R
RO A 5 A T B LR P Sk AT ST T = A KRR | BT X KR . MR KRN
HETM R LK S AAS AR fR AR R340 s YT IR X 48 v 35 i vk N [ SR e 57 7 = 4 vk )1 - iR /K B
BORL, AT VKR BilK X R 7K B9 R B AN T T R R AR fh R A e
3.3.2 RREZEZFMAZATACKH B L IE

AT M A VTR A T G AR (R AR AR 1 AR 6L i HE ST 2 AN UUARE] T A 22 8 AR AT
BN THE LA 4 stk Ho, SREHEE 28,5 m, 3 MPRIER T 3 Wik S, BAAH R
8.75 m, F8/R T 1 RitHeFif, AR st KRR Z) 50 0 m’ /s, 58 BUHE S JAR VLN —KobRim] B iy



55 3 1] [ K= N PR SR TN R G e S s Bl VA e R M EWN T i w2 3 345

PR ISP BE AR DTRL | SR TR I RAE TAE, FIRDERSEIIAER AR (OSL) 31 A S JUkr 14 Bt Rt 43
Bk T e A T s R K AR CAE SR (181 2) , RS T B AAEAE 2 R oK S E, &R T
12.14 ~11.05 kafll 5.26 ~3.20 ka,

R TIRIX B A T L AR AL, o A A3 b T e S A 1152 25 60 a(1956—2015 4F) 142
TASLRRIE . A VT AR AR I i B0 e B A AR (e kA, FETFE 20 22 90 4RARA), BPAEAR I
FERGAT R ETLL 2. 715 mm/a FER 2B B PR, RIS 2R REN LI aY, BRREN
BrRp St AL BN, WA I i i KA s B i) 3 3R FLAE P9 B S 820, Bk ARfb R AR T A A i £ A
RO B e R AT T = VTR M IX GE 25 30 a AYAR AR AR ARAE , 1 M DX R TR R A T AR T A /N
PO, FERITIR  TRVR VTR S 5 3 T 8 BRI AR LR AR AR BN R, Hh e
YEVTIRAH YT IR 1980—2012 4F[a] 942 s it e v, A s fb i 2 2 STk o i 90% i1 889% 1

93°10'E 93°20'E

SRR (b) WHEK AR RAESE

SERDH
‘m

T#—T74 X7 &l (a) T O
o  OSLAPRAFMREEN

£ —— BRI
A - RGBS
a VRN

SER

Az

IR
AT TR o
AT

PR sz

SR
Hlmar [ ks

B2 e R T it Rty K B AR Y

Fig.2 Chronological sequence of outburst paleo-flood in the mainstream of Yarlung-Tsangpo River
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Fig.3 Schematic diagram of the optimization method to reduce solution space
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Abstract: The source region of major rivers in Southwestern China ( MRSC) , featured by prevalence of glacier,
snow, and frost, serve as the strategic reserves of water resources for the people in the region and downstream. Its
hydrological and biogeochemical processes have been subject to rapid change driven by warming climate. However,
its driving mechanism and future trend remain unclear especially when compounded by human activities. To gain a
better understanding of the hydrological and biogeochemical change in this region to facilitate sustainable management,
the National Natural Science Foundation of China launched the major research plan “runoff change and its adaptive
management in the source region of major rivers in Southwestern China” in 2015. Since the implementation of the Ma-
jor Research Plan, substantial progresses have been achieved: an integrated monitoring system was established based
on innovative ground based and remote sensing technologies, which significantly improved the monitoring capability in
this region; the runoff generation mechanisms and the co-evolution of water-vegetation-soil system on the plateau were
investigated ; an isotope- aided hydrological model coupling snow, glacier and frost processes was established; the
historical change and future pattern of runoff of the major rivers were explored; an all-material-flux theory for river e-
cosystem study was proposed, and an integrated monitoring and detecting approach was established for all- material-
flux study. The biogeochemical cycle of the source region and the cumulative effect of the cascade reservoirs on this
cycle were quantified; a water-food- energy- ecosystem nexus approach was developed with the aim to better operate
hydropower plants in a sustainable and cooperative manner. This article reviews the above main progress and achieve-

ments of the major research plan.

Key words; runoff change; adaptive management; biogeochemical cycle; the source region of major rivers in

Southwestern China
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