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Abstract

The upper reaches of the Yangtze River has continued to be dry years since 1990s, which will affect
the comprehensive benefits of reservoirs and water resources allocation in the Yangtze River basin.
In this study, the upper reaches of the Yangtze River were divided into five watersheds, i.e., Jinsha
River, Mintuo River, Jialing River, Wu River and the mainstream watershed from Yibin to Yichang ci-
ties. The contribution rate of different watershed to the runoff in the upstream of the Yangtze River
was analyzed. Two aspects including rainfall and human activities that may induce the runoff de-
creasing were discussed. The results show that: (1) Jialing River and the mainstream watersheds are
the two major contributors to the runoff decreasing for the whole upper Yangtze River during the pe-
riod of 1991-2015; (2) the main reason for the dryness of the upper reaches of Yangtze River is preci-
pitation reduction, follow by the increase of water consumption, water storage loss and evaporation
augment by the reservoirs.
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ASIREEIAET Ol T N S0 o0 R AN s s 07 K 0 NI NI A £ 9N SHa ST B S 3<i0) 7
Wi, FE 4 EKERE G E Th RS AT BARER[L]. =B TR RBE A A RIT R GRS T TR, AfA
Bt KL fiis. HUKSEERIZEEREE. JR1M, 20 D 90 SRR, KIL By RKFF S A, HFnl/E 2003
FUKR, KILEHFF-F 2R L 1878~1990 £F L AE-TME T FEL) 8%, M/ =ik TREFE 7 KA R filis.
BORSEERE MM R EE, FRHRURE T AL 2 A Rt 2 T — S BRI .

KATARRARA R R SR 1 5 1)) 2 0%, HESF[2]00 1 1 50 4RAABR KT Rl &y AR S, AN
B 1B ULK RSN, IRVETIK R FEBRTIK R BTLK R DL ATL il it X A 3 AR s i a3
B TR A SEE S AR AR B TR, DO R AR I RIS KT NSRS BIm; ARHRAESE[3] >
Br ¥ ANSEESICH R IO AT AR TR PR AR, OISR T AR B A 4E N S, (HXI R AR B e
WM BIESE[ADIT B R KRR SHdE AT TR, IONREK, TNEIE. FKESERRAHER RS
R, EIRT BB SR BATIRA T

A2 VG P 7K PR o A R TR K P S B AT M SR AR KRTL e B il 2 W I U R T, R AR R e
Fili 4 0 B R BV b i /K PERE SR 15 R0 B R A AV oK BHR A S B B . BRI, IR ATT IR BRI
FrEL ARG RCRIBIE TE, RO AR 2R BLX SR, XAtk SR B MR AT 22 5 i e LA L L, AR M
UK B AR AR S R AR
2. EEMFRRERE

KT E A WL EFR BiiE, T 4500 4% km, SKITARZ) 100 75 km?. I F i 70 X S0 B K &4 X
WK IA, WTUE N, KT EFNEESGRZM TR, SWTUKRA —HEGRMEET AR, TR BAE
FERAIRTETLK R BERIKRANL, ARMNEZIKRANL. WA 1B ()T LUEH, KAE /K, 1878
RN Z 2015 FERSENNR R TR 20 DO I GE TS BKTE B 2 4R F 2R AR R, 1878~1990 4. 1961~1990
. 1991~2015 41 2003~2015 4F £ F-F B EAR IR 73 7y 4510 12 m3. 4390 12 m3. 4150 12 m3Ail 3990 12 m3,
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Figure 1. Catchment division and characteristics of annual runoff in the upper Yangtze River
E 1. KIEFFKRSXRERRELTIEHE

H B 2016 EEET RN 4300 12 m3, 430 1878~1990 4E. 1961~1990 4F £ 4F T E fwfdh 2.1%H1 4.7%.

BB 1878 N A 1990 4, ZIR THREZWF KK, KITRIBIZK K ZHIE R AKCE AR L RAR,
KATHIR AT LLERGA AL T RARRAE, HEWE AP 100 4, W8 72N EAY, BEREAMREE, T
PAR T _ B3 AR AR T T SE HE S

B B b S AR T 78 5 N, SRR N 30 4F, BCA B BUR R SR 5T 2 2 23 (IPCC)
K FAUNFARACTE T B 4, SEAEIISR ] 1961~1990 4. 5 [ btk £ 45— BOF 5 8 5 Se AT IR AT 7T, A
RS 1 E Bl 1961~1990 E 1) Z AR E, MFNERRER I B .

73l LA 1878~1990 41 1961~1990 4F 11 5 i Sl 22 AE P M R AR i Sy B, 7B 1951~2015 4F H1 & ui Sll
TR IEETE, JEedl 1 10 s raihd, W 1B (), WRIE M, EPMEMES ST, B L 70
ALK, KL R FEAREE 10 42 P i &R T il e 10 S 30 P 8- PK T-10%,
DA 1961~1990 4F ALk A M) 10 47 201 35 th 2 444 iy T~ LA 1878~1990 4= A HEHA) 10 -0 3P th £ 245 2%,
PR 1961~1990 F L 4P HFE AR B 1878~1990 4 Z4E T HFEA I E MK 2%.

3. Wil LR B ikt X 5Tk
N FEKTT b AR B A (2 0 A K R — 5 DO e L IX 50 A bt MR R
VO ST RS R (KT T X 02 B AT R AR T BRI R, AW DK R A KT 4%
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SR F B WSt VR N G DV A i e K Sl v Bl R sV D MR AN e T A 4 ) Mk og il bR sl N 5%
BT i it K Sty GRSl VR BT P il e K S, B B KT it i i 1k A Sty e LK 43 X kAT
AT E AT TE o BT & m RS I AR AN — , B 9T 40— K 1961~2015 4F £ 4f i3k 47 43 4, Forh L 1961~1990
SEAE N A FR 2 3 BT R 2 1 2.

PA 1961~1990 4 2 4 F- 345 i & A AR HE, 73 T KVE B K43 X 1991~2015 4711 2003~2015 4 (= Ik i 16 )5)
SRR ERMEE, SGEAFKRYXERREEKIL RFafmaE G e, 2iEHAFRKR S
DG B AL DTRREE, WL 1.

ALV, KL RS IK R EARE S DA FEARRENILEIER KR, K 32.8%, HIGRIREILKR,
5 22.7%, FEFRTTK BRI BT X (A SRR G LA 2, 4508 16.1%F1 17.0%, ZT/KRFEHFH =
di ki, N 11.3%.

KAT 3 1991~2015 4E L 45 PR B 53 AERIAI EL, B8Rk RAG 5.6%, Frb, (mAbFEE O 2 3BTk
7, N14.9%, HKEKT FFTR(EEEESXIA), N 10.5%, SIVTS5HEMEHL, 24 FRRE RS
1.8%; 2003~2015 4E (Ui fE f5) 2 F T m & 5L, B4R mAG 9.1%, Hd, mWAEERKKZK
T EFFREREEZEEEXE), A 205%, HIKZESITKER, N 15.2%, SITTKRRMTEE R/, A 4.7%.
1991~2015 KL Bifim EAw A oT ki R B 3B K &, UG KL BiFFRMIREILK R, @ibiLEE
B AmE: 2003~2015 KT AR & f Al o7 ik K R KV BT, STk MR FERTIK R, HR =K
EVit iR

20081, 1991~2015 55 2003~2015 EAHLL, &V, K L. SILAR MR AR K ZE R RE,
2 1998~1999 HFEIX =AM X IR AL RVEK, FFEARI B i 22 AR 3R, T 54 P& VLAE 1998 FAFRIR A2 2 413
fHKF, 1999 AR EA E 2 F TP IEN —F.

4. FERimthrERSR

S BOA AR I AR R R A S AR NSRS ORSE, o A oK . Rl ENSO
SRR AR AR RS it MK OB R Ge, PRI AR RS AR e A R, ARG sh n & 5 $2 TRE . Kt
PRFE. TR P 55 D8 22 A8 A eIt sl = S L R R ¥ 22 7= AR S [5] [6] [7]. A4, ARdmi s i) bR T LA
NEFE R AR ARG P B K B kA [RIE 51 B AR S B0 itk Py FE 7K & (1 389 0 DA B IR 7K = (R R e - o

Table 1. Contribution of each catchment to the runoff decreasing in the upper Yangtze River

* 1 BXBRSEIKIT LR RE Wi E

HEARAEFR ST eI e AN K EFIX BT KT B
(T km?) 47.4 16.3 15.9 10.0 8.8 98.4
TR e 48.2% 16.6% 16.2% 10.2% 8.9% 100.0%
EWRREMNZ m3) 1440 997 709 748 496 4391
1961~1990
AyIX it 32.8% 22.7% 16.1% 17.0% 11.3% 100.0%
TRt FEE 1.8% -7.1% —14.9% -10.5% —-3.4% —5.6%
1991~2015
TR -10.3% 28.8% 42.8% 31.8% 6.8% 100.0%
TRAt T2 —-4.7% -7.1% —4.9% —20.5% -15.2% -9.1%
2003~2015
DL 16.7% 17.6% 8.7% 38.2% 18.7% 100.0%

EW: 1 TR GHE: SEROR A, EERRME; 20 TTRELIHE: AERRRTTR, EERRIETTR
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FRITIE[O] T LALEALHIE TR AALAN N SGH B AR AR A RN s K SO B RE ST, A 228 R ATK L
REAU[6] [TIEALHT T URB BN A ASETE SR AR R RSN, (R BO R A HAFE A E VR . (5L BT,
BURE P OR 7385 B KRR S i AR AL A2 B AR A 0 DR, LA IR 8 R 38 3 S50 3 T AR A 3 75 2245 5 /K B
CREIRI R A R A E B GORLEAT 2 AT T

AHI TS IR AT N T, PR S IO R RN 28 5 5 o SIE B e L e AR i o B PR EAT 70 H

4.1. PRIKERDL

PR 2 T AR IR I BRI, HER 27 2 R R s, —J5ii, 2R, KT EE I IR 2 50 A
Ay Ui, MEZF SRR R, AR IR TE RO E AR, SRR R T B Ak
[10]. 2 FE AR, T T ERACTE R PR S BRE b VLK R R IG S LAAN,  Hopth X 52 30 0 S5 1) ik
AEFA[10] [11] [12], b a AR B B S b 2L AR B AR TR B D E R R 2 —[2] [13].

AR TE T B 5 NP Z T, — 2 R AP, R TR AR R R .

K H B R R Fe 0 R KT R 84 NS %k 1961~2015 AR SEN W R R, R Z UM
BOUTEAF BN R R 5. 204, W& 2, 1991~2015 [ W &4 1961~1990 [ W #ii /> £ 3.3%, 2003~2015
FE T P B 1961~1990 4F 1M MY & /b 4 4.5%.

BT =K BN 2 AR KPR, TE AT B AR O AR I, AR =K P (11 FE I8 AT BORb G B B S AR I i
BEAT B SRV, SR H BRI E. K00, KIL LR ER MRS BK B ER AR
GFIIEE . ARV, FEOGPEREUA 0.95. KT RU#RE KRR RIRNCRFMHE WK 3, aTRLEH, FRKES
FEARIRA R T WA KA, KRR REA KA RN, UK Bk 2/ FEZ FKEXR
/NI, 1990 AR RACYT B 7K B R HRF 4 A 3 22 R K Al 2D T 8
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Figure 2. Annual rainfall and statistics during 1961-2015 in the upper Yangtze River
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Figure 3. Double cumulative curves to precipitation-runoff relation in the upper Yangtze River
E 3. KIILHFFRRASERKENRITEIZ%E

P FE/K 1 I KT _ BRI RS AN ] 2RI R 2

MR CKRITIBUK FRZEE AR« CRITIE & PG i K IR AR, KIT B3z /K& 7E 1980~2000 4F
T EREIE I, M 1980 4E ) 270 12 m? B HNZE 2000 4F (1) 401 12 m®, 4FEHEAN 6.5 12 m®, 2000 ELUG £t A
B, 2001 & 2015 FEHIIE N 2.2 12 m®; FEK B AR 2 19 hka %4, 2005~2015 4EFE/K AR INZ) 8.9 12 mP,

4.3. EKEEESEmA L EM

KT R UERA K BERE N IR B 7K, DAK K EERE & 7K G R TH 28 K B 39 02 KV T BV AR It il (1) S — Rl

2003 4 =K FEEERIZ AT JG, 2012 476 g /K B I oRoBr —Se e i, MEAVLE . BRBE g, &L
BT, 1) SRS 5 YK s B AR g A o B CRVT IR S v g i K IR AR Y, #ik 2013 48, KV RilER
RUIKFE 80 Jig, ALK 381 JE. L KR BUKEE E BRI BRI TY, EEKE R BN T KBRS, MK
YL b3k /K B A 5 =5 B AE T I 5 /K 44, 1B R I8 AT I E ZESUR R W AL, ST AR R R AN K . 2003~2013
SE DL B P ARUK R S B K, BB KSR 86.6 14 m?, AR R EL 7.9 12 mP,

R4 CRAT XK IR & H I R A A VRN R R Y, KT 2 TR % A 430.9 mm, 24T
BRI 7% &4 858.4 mm. EATEAGEiT, KT R O R AU K BEAE 1E 5 & /K A I 7K 22 P T A THT R 2 3040 km?.
KT K e 22 T R K B, PETEI T RRAS K, JK PR IE W KA, BTEKIEIRAS N, & EH AR 02—
S il T R 08 g 7K T TR o IR0, 8 7O LE 3 85 /RN, KT 3 e il b T A 20 28 M/ TG TG AR 9 2 1520 km?,
LARTBK R R IMBUKEZ) 6.5 12 mP.

4.4, HIREKEESIER

3R AR A 51 R R K SCHE A AN /K B P S AR I [A] L 2 (A AN b R A8 AN T A AR A [14] o AN[R] 23
MR EAFDR I ABOA R, ERABR SR ZESR, NI KSR LR KRB RS
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R RE S, D SRR, ORI AR & [15] [16].

20 28 80 AR, HTIL Bk BRI ™Er, 5 etk ek H o0y 4 K LR AP X, JF
T 1989 A HE LL VT T S ER T HX . FERRTL AP T Bl me R ok et XA =0k /28 [X S K 3R 2K e ™ EL A Y
K7 R A, ST K LR RRE B e TR, B “RKIG” TR 20 24K, B “KiR” TR,
KA B R R B TAE 5 L
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SIPIL TR SULHEL SERETLA N, PRr B X . ZIkEEX TR T e, ARk f6H, B 1989 53]
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DI 80%, AT K TSI, AN IR R IEF 0% o R A TR, =R XOK R i
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ELZAET IR R 400 12 m®. 1991~2015 KIT IR TR s STk K2 B R TTK R, HUCRKIT 1
FHAIRTETLIK £ 2003~2015 KL FFAR & (bl DTk S K R KT BT, Tiek N FRILK R, H
REAIKRTTHRAE Y
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DGR = s i 3 i A | TS @] (A S R b I S B b o1 L AL (A
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