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Abstract

The dynamic downscaling method was adopted to simulate the future precipitation intensity variation of
different sub-basins in the upper Yangtze River under climate change scenario. Based on the predicted
precipitation, the hyper standard design flood of Three Gorges Reservoir (TGR) under the influence of
climate change and hydraulic engineering was analyzed. Results reveal that the future design flood of
TGR will increase under climate change scenario and decrease by the regulation of upstream cascade
reservoirs. The impact of upstream reservoir regulation is greater than that of climate change scenario.
1000-year design flood peak and 30 d volumes are 87,323 m3/s and 139.9 billion m3, and decrease by
11.6% and 12% respectively.
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1. 5|15

SR TRRGERBAKKILACR TR, BAFEXMPE. Kl g, OKSEEERHME. =K
PERT BB K (R BA BT K), AR =0 TR I g BSOS R T AT 5556, BT R IRAF oKt /K R 41 925 J8 s sk
K, SR H RRah T Y 3 A MG BEAHE SR T K Gt S EORBOT KRS, R I 1 = R vk iE R
JE 5 7K 8 5 B A K AT o =08 /K 26 SR FH T4 — 38 B 11t 7K (98,800 m?/s) A3 4F — 38 ik 10% A% i 7K (124,300
m’/s) [1][2]. XEEWAHEIRT T HCS S RIA A, M2 4= f B B MR N 22 4= R 53] [4]-

H AT RS0 O BRI @ —RUPER R T BRI I SR R . 52 RIS K PERERR A R P 1)
Som, UK IR SIS AR ThRE TR R S WML R 4 7 WA [5] [6]. K I 178 B iy F
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e H—J71h, HE R DG RR, BE NSRRI R, KA I AR B 7R 22 T
22017 F, KRAJZ AR TIE 405 ppm, A 80 JIAFE RN Sk Bk, H H #T A AR A1 H At =<
IR EAIFERES: . BT RAN S SR osia DL SR R Re R PR A 00, SBARHBEESR
G RN R A T AR T] [8]. KM TR I A BRAAE AR IR O ARG I SE[9] [10] [11] [12]. ASARAR
AN 3 By 500 (2 B /K IS AT R B0 78 A B 55 11 7 A e B B PR AL BT 4 FEX /K S AR 7= A A 5 i 52 2
E ] AME T2 %0 . A8 H TR 280 S AR T i — R AR A UK BEIS AT R EEX K SO R AR R e, AR 2D
A T RIS 25 FE R PRk X A IR AR = A B 5
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2. KL EFSIRENLTRME

T LB AR LB T RI(CMIPS)IY 3 AN ASERA R B U GCM)ZE 25 HETRR 5 T (RCP4.5) (i 45 52 »
B LMDZ4 5 WA AT 8 D P R, 3R 21 WK B3 S AR 5, i R A e = R W0 4
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Table 1. GCM and observation information
% 1. GCM #ERFAN ZERHE 2

EAEh HU5 I (A ¥ £ (lat. x lon.)
LMDZ4 %, LMD 1961~2005 0.5x0.5
g BCC-CSM1.1 (m) RE, BCC 1961~2005 1.125 x 1.125
FGOALS-g2 tE, IAP 1961~2005 2.8125 x 2.8125
IPSL-CM5A-MR [, TPSL 1961~2005 2.5 % 1.2676
_— [i%ﬂ( Chen 25[13] 1961~2005 0.5x0.5
S Xu Z[14] 1961~2005 0.5x0.5

K FH o3 1 B IE RS E AT AR IE o k3 T SeME AL TE, 58 T 'S k. iFEARK
nR[13]:

P, =0, +aZ+bA' (1)
Kb p BRKIERTINE, o FoRWMME, « MIBEHBK: ARIA] 251 E 0T
A =m,—m, (2)
l T 1 T _
-0 LS, m) -
A=A, -A “)
av b NKRIEZHL, 3Rl
1z
“So  _
a- 1T = (5)
?;mht "

(G5 =Ous), e
Qa _ (QO.75_Q0425)mh

h=—=0 = (6)
Qm;, (Qos _Qo.l )0 5% 7J(
(Qos _QoAl)mh ,
s my, Mo, 50 3R B ST ARORI ST B K B
NSRS AR 0 R BB K R 22, RAFBIRSIE S R BE R KRB 2, tHE AW
2 =y )
z

Az, Mz, SrRIRAAS R D)L RARIIARBENREL 2, TR B KA
=AML R BB Ve, 1M, A UTF
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L 1vpz/s FGOALS/B IPSL/B
I/wrr = E(Vcayr e + Vcago s/BcC + Vcorf / CC) (8)
IIART EE T oA BB TE V20T B /K R BRI B K B R IERCR . 1BHR 1966~1985 4FAE N E W], 1986~2005
AR .
MK FAR A SN
R= (dsim - dobs )/dobs x100% (9)

e dy RN IE JG HIFEAK ORI dope VLRI BRI R E

A [E PR HBORERIES RIS T8 2 b, PRI ERERN SR 1 Prs. SR EREEKRE)
RELRIE R R . BRG] 4 E ORBIR 22 ik 62.6%, AL/ INE] 4.1%. ~FYIFEN RIRZ LA
IEJaAE 4 T N IRME T 20%. PRIE, 207 BB IR A5 2 1 B ZORS P2 RE B AT /2 A SRS 75 oK

Table 2. Error correction results of national precipitation days (%)

2. 2ERKRBIRERIELR(%)

- 5 6 56 A

K IEHT K& R IE AT K IE 5
E:s 58.9 0.2 62.6 4.1
S 183 0.2 18.0 1.4
S 258.4 0.1 247.6 2.5

3. SETAFW T =gk ERIR AR K

X AR AR TIfh IR 21 tHZCHTHI(2021~2040), K 1986~2005 “FAE NI LS HRI B, KM UL
IEIEA4 HI%E 1986~2005 4. 2021~2040 (21 tHLAHIHA) B AR s 10 H oK B3 TR IE . AR LR
SWAB) I REREUKRIEG 3 BSEELE RN- . R KR (GRS KR W RE) Rk TPl <
(BB AR SR R = AR (2 . T4 21 RCPA.S 15 50 T 21 L0 WAL b I i 34 7K o B AR A0 2 1) 23 ]
AR 2 fis, SR RIS X I RK SRR ER, Wk 3 B, AT RUE AR TR S, KTk
W AN 43 X B B K DR S 19— SE R B 5 (2.1%~7.8%) o WYLV AN 7 Ll — BL B A H2 X [A) A 4eR ) AR AR B2 2 /N
B SAN R I E AR b 1 G E - PO SN
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Figure 1. Spatial distribution of mean precipitation error
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Figure 2. Variation of precipitation intensity in the upper Yangtze River basin
in the early 21st century under RCP4.5 scenario (%)
& 2. RCP4.5 TR T Lt 21 AR KRB T 1L B (%)

Table 3. Variation of precipitation intensity in the upper Yangtze River basin in the early 21st century under RCP4.5 scenario (%)

R 3.RCP45 BETKIT L& S X 21 2 HIEAEKBRE T L E (%)

T3 GVMT URYT. VEIL FERRYL LN Bl - 5B
(Rehlih) (L) G (@50 Cle) (RE2) R
A5 (%) 4.8 2.1 43 7.8 6.8 2.4

UK BERAN L SN PR B S BB R I R ARt 5 R ) 3 42 55 K
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Figure 3. Sketch diagram of MISO model structure for uncontrol inter-basin of TGR
B 3. MZRPZE =K EAREFEXERE MISO HEEEHREE

R HH o R 9 P52 AR A% R 0 B OR 45 23 X KIS AR 2k, RN 2 2 S A\ e AR R o, i) AR 322 1
SAT T ZWRIK EE R AR HE BT K . 28N B AR A T SN R 6]
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5 =G S e 10

A uF0 m(G) D HIE j AN R B RS AE K B R SRS ALK s e AR ZET n NI KA KL
AR PR SR TE T SRR I 157 R BT AR RAEL e LA RE AT AZ A BE e BRI AN o S L 57 R 55 TSR P /s —
EHEAT A

K FH 2003~2016 4F [ U PERN PR LSy i @3 &, dbs%. sCFE. B850 6 h HhK Bkl
o . AR B 2003~2016 4K 51 B =08 [ R BN v /K RO R i TR 3t I B R SR 2 3
ORI A B AR B o BT T BRI B TR KUK R, PRI AE T B B ik 2003~2016 4B T 40,000
m’/s KRR, it 16 3. BT 11 UK RFEBAL, )5 5 iKUK AT 2% R EL(NSE)
K P47 1% 22 (RE) R AT B AR AR PR BEADMRSUR o BRRL AE 2 g AT A 563 1K) NSE 239324 0.94 F110.9, RE 4351 9-0.4%
H1—1.4%, [HT0 45 K20 MISO AL AR A4 SR dT

PAT4F— 1@ Bk o], =K B2 S AL 25 A 520 R 1Y) 1954 1981, 1982 1 1998 M AL kK ik
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Figure 4. 1000-year design flood hydrographs of TGR in the early 21st century under RCP4.5 scenario with different typical years
4.RCP4.5 1ERT 21 L MEAZ WK ER R # B FFF—Bit#kidizsk

4. SIETBUTKFI TRRGE R TR = Bk BEE BRI E IR 3K
4.1. SETEEMKF TIRESRW TH& IR kRS

AT SAN R SR A 52 SR AT AR TREER S REMA T (A SRR R st oK, 181 5 2 1954 SARLAE i
THAAGEREL . MBI RT AR Y, S edashlut 2 A s m (KL vH-HoK s R T SO ok, 2t b
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GOKEEE JG AT T4, SURARME AT _ERFR6 0K R AU 508 P AT BEke 30 5 2 HUIka% o0 X B oK PR -
4.2. SEZEURKFTRESTE TR ZBK EBIRER K

RT3 MR ALK A TREER G 320 i A S AT AR XA A B T AR MISO A, iF R =Ik32 /<
(AR AR L& SN PRI AR AE BT K o = A% AN [ M R AR TEOK AR 32 SR AR AR A TREZR & 2 i T
F BRI RL A 6 Fos, S IAE R SR E B RO ILE R 4 FTR

Table 4. Reduction of 1000-year design flood in different typical years during integrated impact period of TGR
F 4. ZBRKESEEMATRI R F T F—BRITHKEIRE

AR i A 1954 1981 1982 1998 P14 1
I 99,208 101,000 99,300 98,800
Omax (M°/s) 11477
RO 83,064 (-16.3%) 10,100 (—0%) 83,959 (—15.4%) 84,375 (—14.6%)
B 247.0 251.1 239.0 247
Wsq (12 m?) ) 30.2
LR R 195.0 (-21.1%)  229.9 (-8.4%)  217.5(-9.0%) 221.1 (-10.5%)
jeare 486.8 489.2 489.0 486.9
Waq (12 m3) 64.4
LEORC 4045 (—16.9%) 4254 (—13.0%) 419.1 (—14.3%)  445.4 (-8.5%)
jeave 911.8 / 910.6 912
W15d (1Z1 m3) N 121.6
LEETN 764.8 (—16.1%) / 788.6 (—13.4%)  816.1 (—-10.5%)
jearet 1590.0 / 1589.8 1590.2
Wsoq (12 ) e 191.2
CEERE] 13932 (-12.4%) / 1406.1 (—11.6%) 1397.1 (-12.1%)

M 4 ATREH: 1) NEBBERBT, SAEAKR TR oK g A B — & £ 7.
1954 WAYEERIPIE K 3 dv 7 dv 15 d VEEHIBARX R Z, BT 16%: 1 1981, 1982 A1 1998 MAYLENR) 3 d ¥t
B HIRAERTR A, ¥R 9% . AN BRI 8 52 S B AR R TSR G e S B B 2 7. 2)
Bk 1981 JRYAET-4E— I8 B TH b I B 52 SRR AR K R TARLZR A S m R 50 0 2 4, oA g YA S -3k 0
AN [FI Bt S350 — e R k. DU SRV AEAE R G s A T — i it ig . 3.dy 7.dy 15 d #1330 d it
P HIR R, 2508 11,477 m¥/s. 302, 64.4. 121.6 il 191.2 14 m3,

FRAE DA SR B KRR R P B &, Geih s =K 28 52 SRS AT KR AR LR G s i ) T4 —
B THIKEFEE, Q092 5 FR. MRS W] L. IR 2r G e i) T4 —@ i, 3 d 7 dv 15 d A
30 d R, 2090 87,323 m¥s. 216.8. 422.4. 790.2 A1 1398.9 12 m?; #H EL BEIBETHE HI BIVER 2351 h 11.6%-
12.2%- 13.2%- 13.3%F1 12.0%. BTSRRI SRAR T =K AR KA e R, KT 32
TR T K EEAE R T B8 4R O = 00K e AR HE BT/ K A BT F S 7K TR 8 S i 22 S 38 v T ™= A PR s

Table 5. 1000-year design peak discharge and flood volumes of TGR in integrated impact period
5. ZWoKEELGEARMEATF— &It gL E

A i LRGN RIS
Omax (m’/5) 98,800 87,323 ~11.6%
Wi (1. m?) 247 216.8 ~12.2%
Wag (12 m?) 486.8 422.4 ~13.2%
Wysq (12 m) 911.8 790.2 ~13.3%
Wsog (12 m) 1590 1398.9 ~12.0%
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Figure 5. 1000-year design flood hydrographs at main control stations in the upper Yangtze River under the
integrated influence of climate change and reservoir operation based on 1954 typical year flood
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Figure 6. 1000-year design flood hydrographs of TGR under the integrated influence of climate change and reservoir operation
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