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Abstract

The SDSM statistical downscaling technique was adopted to degrade the output of BCC-CSM1.1
model under three representative concentration pathways: RCP2.6, RCP4.5 and RCP8.5 scenarios
recommended by IPCC5. Future precipitation and temperature series were as inputs of distri-
buted two-parameter monthly water balance model to simulate and predict future runoff change
in the Ganjiang basin. The results show that under three representative concentration pathways,
simulated annual runoff volumes of 2020s and 2050s are both less than the reference value in the
recent period, but there are differences for 2080s period: under RCP2.6 and RCP4.5 concentration
pathways, the simulated annual runoff volumes are almost equal to the recent reference value,
while more than the recent reference value under RCP8.5 concentration pathways. Meanwhile,
future runoff volume decreases in the main flood season and increases in dry season, which im-
plies that climate change is likely to alleviate flood control pressure during flood season and water
supply pressure during dry season to some extent in the Ganjiang basin.
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&K FBCC-CSM1.1EERS AR, FEIPCCSHER N =FRF IR E M ZRCP2.6. RCP4.5HIRCP8.51%
T, BLFISDSM&it R REH AR GCME H TR, HAENS NS A KEPEEE KA,
BRI ST R AR ERERE. ZREH: E=MREFERET, 2020sF12050sH BERRE
WL HARR >, 2080sHT BN ETEZ R RCP2.6FIRCPA.SIREFHFEE T M ERLKE SITHERTTE,
TMTRCP8.5R F A T XTI RIA B KM, R, RRERFRREL, ERHRERENASFEEZR
Win, SMETAAE—EEE AW RE SRR R R B v E 1 AR K BRI K E 7

KA
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1. 518

BT AR N ZRIE BN 52, HOBR E K SCHRFRFIZK BRI R AR T B8, AR IR TR K
SCAG LR K AR R BRI 9T RO 7K S22 B B S 3 i [1] . GCMs SRS itk SCRRY R &
72 H A 78 AU A 5 PRI RIS IR AR s s o RO, BN AN AR 7RS0T TAE.
Arnell [2]8F 1 LAZK &8 R Bl it RORE 20 A KK ST AL, JF#84G Hadley H0 ) 6 MR 5ol
T ASRAS AT A BR TG FE Y 2 $E 2 60 km x 60 km RAR FIAR IR ASEIE ;38 REE[3]RFH VIC #EA 5 [X i,
S % PRECIS BRG0S0 5 R Wl K FE IR A A 38 AT T s SR S5 [4] N Seit-F%
FEEER AR ER . CGCM2 Al HadCM3 5 VIC J3 A KUK U BT R &, FFER R A2 AT
DT RIB R K RS M IEZE[S]FIH CMIPS A 5 ANARN T () BRI URE & VIC R, 3
i 7 IPCC RCP4.5 1# 5 T A K 30 HFEERIT LIk 7L A 0 S5 48 A4 1 e

H AT K 22 ot A SRAARAR AL A (R 78 99 T IPCC SRES 153 R K% Hi 45 A 7T [6] [7]. IPCC NS
TR Al R (LR IR IPCCE) K T — BEARR IR FE % 111 5 (Representative Concentration Pathways,
RCPs), RCPs fuff J{XHE(RCP2.6). HKHE(RCP4.5). i (RCP6.0)Fl = HER (RCP8.5)4 i 5,
TG AL T — P2 A BT SR FNIAEG  Asm S M HEBR AT, JF45 Hh 2100 4FAH B 14 5 i iE
B8], T BRI S T oHE AR S AR AN Al . FE T RCPs 15 5t XIS g A8 A0 4 A
AIAEAR RAR B b 3= 5 B2 K R BUR DS 0 RSk S AR A 35 R AR AR [9]. 28T, FRIEEET RCPs
1 S0 XSRS R AT T H BTSN [10], B D EE— D HIR AT I

AR BCC-CSML.1 S BAR K, 7E IPCCS HEFE [ = FARR MK FE #5142 RCP2.6 .RCP4.5 1 RCP8.5
5T, A SDSM Giit P REER AR GCM i th Y R RS SUfige R 7 B B OR B, AR A i 2
R K ETPATE R RN, BTN ST A AR R, T DAl A5 AR A e S IR 48K SCHE A
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KRR ARG IFE .
2. IRXERHEARN

RIS B 980 2 1R 5 R RV AN, ARSI . BRI BT BT BT AR K, S E R EAKIL,
RRKITHUKEZE R E Y T, ERILRBIEEL, MRS A EZERER . Ak, FFRAIE M K
BRFIR, ARG RIS N - RS R~ A, SEURI R I 2 B AL 1] SRV 2 HE
FHIBIZK 2 B K — 26t BRI, BP0 S0 AR TS S5 I S AR SR B R A I8 738 A o dt 4 K B R K 14
it PR EE A E R

BTSN T R4 113°30'~116°40", b4 24°29'~29°11", JidsAE/KHAH 80,948 km?. VTt & T 1
POARIEZE X, SRR, BRI, AR KE 1400~1800 mm, FERVARVET 2 0 A AT, AERR.
SENB R, BA B RNZ AN SN E RSN 46 A, BFWESSFEENE
[f) 50%, HKZKETES~6 H, 7~8 A& XM, AT HEH IR RHK[11].

ARSCER T BT 6 MEZF LU SA(EE HE ). B EE. R, X8 A
5], HEAR EREARERIZ XN SRR . 2EHL 1961~2005 4 AT 78 vk (HLp 1961~1995 4F Ak 1R
€], 1996~2005 - ALK S0 ), 2010~2099 FEAE AR Br. WF 70 E A AU B4E =28 6 MR
A5 ARSI BORHOT BERY . H RN 28RN B AE) DL K ARt 45 4F SR B R s RRUEE S g i B
BHNCEP KR TR 1) A ds 5% R (CMIPS 1 BCC-CSM1.1 ##3{[% R ¥ J5 7£ RCP2.6. RCP4.5 #ll
RCP8.5 = Fifrff 5t T AN 1) 224 i R AR A5 26 A T (0% HE 400

3. fARFGE
3.1. AEHAKEFEHER

WS E A KRR A S5 TR B SR . MDA R X EERLER AR . SRR
fi . RERURS BRI A, BRI TEARIT . BUTAIBUT 70 AN Fitk BRI BORREE, BRI 715
B TARGFI R [11]-[13]0 BEARL R B AR
1) HEprAKEE MitHE
E(t)=CxEP(t)xtanh(P(t)/EP(t)) D

A E(t) Ui sebrzg R, EP(t) 9 &R MMIME, P(t) A BKE, RECR—RBER TR —
NBH R R RN R AR DL o
2) AEREQ KT
Q(t)=S(t)xtanh(S(t)/sC) )

At Q(t) oA AR, S(t) A4 HHEF AR, SCRBIIE SR, R &k A
3) B A 5
C A AR P (1) AR I EP(t) . JUEsH SEhRAE ORI E (1) 1T R A ().
HIB A HOR 2 JE 1M 2K 0 (S (t—1) + P (1) — E (1)) . Horkt S (t—1) N3 (t—1) ARG, St AR L
MK, ARJF R A Q)RS H P Q1)

<x0=@0-n+Pﬁy£a»xmm«sa—n+mﬂ-Ea»ﬁc) A3)
BUGAEIE AR, 5 (t-1) M AR A KR S (1) -
S(t)=S(t-1)+P(t)-E(t)-Q(t) (4)
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3.2. GiithEREIER

G B RV R G v 22 5 1R S K R SRR T A X oK R R mZ MR R, SRE
FEXFI R RN T GCMs it IR R B SRS S, SRABADURI TN X 355 A Sk 7K 3005748 f (W B 7K ORH <L)
I L. GEih B R AT R R RN, WA, T DR PR B R XA R E S, [FH
IR 5 N T ANFAF) GCM #3[14]. JEFEEUA:

Y =F(X) (®)

Y AR AR & X N RRBERERIR 1 F A S 10 R RUBE A T R -0 X33 fie
AR A ) — Mg K R

SDSM (Statistical Downscaling Scaling Model) 2 % [F Wilby & % 371\ — 2T Windows Ft 1, #ff 7t [X
RN 1 1 S A AR A FE e R DR SR SR TR [15] AR YRS TR A S 2 e e [ A F R, & — i
EYBERE . il 10 £ KR, SDSM D& RIERE 4 X, FESFEZ AR Z N A
[14]-[16]. SDSM M TAEJAFE ¥ EAFEMW A5 — R 5 L ik & (X R B AR B R HR) 5 ik A
T(RAWHRE ) BIGH R R, e RAKAERTR S &R H GCM Tl i fAnsE —D gk
S S BOSAU PR S AR H T 81 AR SOKE R O i i) A KA A SR T B R .

33 REWEHE

FEWF TR AR AR SOK BRI, T ARRA AT B SR BR, DA B K5
M5 T 2 MR 2R R R, MR TR (N2 2 A Q)T RIS AR . B — L8 I A RT3 A 5 U
AR T, BT RER, AP, BIASC i@ @7 20K 8800 EP (1) 5 PR T (1) 2
A5, EIEARR AR ARKA PR ARFRAEP (1) 5T (1) IRAFRECCR[17], &
Ak

EP(t)= Axexp(BxT(t)) (6)

Arh: A, BARYL ANEMEUN REHE.
4. BRE 7
4.1, BENEEMRE

T e B LRI A 21 N TR TERL, 28 R ST K= AT 1240 SC M1 C. ¥4 1961~1995
SEAE MR (% 2 1, 1996~2005 441 AR AL AR50 1, SR A Nash BI85 22 30 R? AR A AR G 15 2
RE 1B HARBREL, FIF & TR Crsilh 0 B 2R sk A T T 808 8 . BASHUE R
AN TAENE ALk 55—, @Bk AR e A IR 2 RE Kfhik 3 25 C 1H; 25,
TESH CERFF I 2 AT T, PRk T RS 4 SC. WD L& T LU S8R A e, s
R LE B AR A i R Al 1 [13]

WRIGHGSEEAL, B N SH K E AT . B6T 30 km x 30 km A%, ST AT
R4 129 AN WA, ELHE I S RS RT3 r 1) % (30 km x 30 k), 1) FH T e 35k Fr th H 45 5L WAl (H 3
TR RALE), HHEBERSHI ALK, SRR SHOHEAT AL, 1< 1 45 1 BT IR A%
RSH{E C FSC[11].

PELIR 6 NE KRS s A BN A ZRMMTRE, R BE B EIECF G E A 2] 129 M
KX R H B B AN H 28RS, AR A A S EOH K E PR, THEAS IS AR AR TR, AR

(=)
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B XA F AR TR IS T 28] BRIV AT 753 BRI P AR IR, 3R P SRAS S L Is s 13 Sl (AR IR R
TR R B ARG 0 Nash 2% 250 R* 430010 0.76 F11 0.74, & EARKTHE 2 RE 43
AR—17.76%H1-16.41% . VLI E RIAS 30 S0 ) Sl S840 H AR B an 1<) 2 sl 3, Ak,
B H AR5 SEME LA RO B UL I 5200 23 A0 N S 800 /K B PR AR BE R s, ) LA kAt
AT SRS B BRI AR SRR AR

e
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Figure 1. Parameter C and SC for each grid of the Ganjiang basin
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Figure 2. Simulated and observed monthly runoff during calibration period at Waizhou station in the
Ganjiang basin
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Figure 3. Simulated and observed monthly runoff during verification period at Waizhou station
in the Ganjiang basin
3. MIHREET RSN M s ST S8R B R Rid i

4.2. RFBRBELTN 24

421 Sif - RREEANR

S R T AL BR R GCMSs LR A A T K. AR, o T4 R RIS R B4
KT BRI N B 26 VR, FT A BT BRI 0 6 0 S0 400 % ARl A 26 R EP (1) 5
FUPERT (1) Z I35 R AR 1961~2005 4F(45 4F) &L St SISOk, 0 465 01 ] 2 UL
(8 EP(t) 5 1P/ URT (8) BEAFIIAAT, SHRIE 1 fhde LTk, Wi e REY, AR RMHETE 09
DLk, SRR HOSRSBIR FA  #  R R A BT TH

4.2.2. RFKEKZELZFERTN

16 ARG A L T R 28 LB Br(CMIPS) R 72 1) BCC-CSM1.1 A BR S {5 AN IPCC5 7
[ = FiARER AR B 542 RCP2.6. RCP4.5 fil RCP8.5 1 5%, A SDSM 4ttt [ RUE ALK GCM far i (1)K
JUEASAER T B 2RISR, 1F R A S 0H /KSR AL B3N, RSSO TR0 388 VL IR I AR SR P K
RIS DL B E, ] 1961~2005 FAFENHEME:, 2010~2099 FAE A KRB . T 1E
FGit, ¥Rk =0 8 3 NI 2020s (2010~2039 £E), 2050s (2040~2069 £F), 2080s (2070~2099
).

22 45 T ASEARERMEIR FERR A T B LIRS R K. 28R IR RS L. B2 2 WA, 3
FIARR MR B 2842 T B LR SRR . 8RS R4 RO AN [FIFR B I3 e s, Ak
[ K7E RCP2.6 1 5t N Jaid/N 18N, 7€ RCP4.5 Al RCP8.5 1# 5t N LB e %h; £ =FikZHE T,
2020s 1 2050s i HAMGAL AR I B 2 EL I A/, 17 2080s A M7 7F 2 5. RCP2.6 Fll RCP4.5 ¥k J¥ 4%
NIRRT E S I EEARE T, RCP8.5 IR IR A% T MIAHX T HAA B R A3 . BEAE B () (R 4ERS, R
KA RIS E RN ES . T ARKIE— R, RCP2.6. RCP4.5. RCP8.5 1f 5t I IR &K
e DR

Kl 4y 50 B 6 aila T AR MR B 42 R B A Bk, A SEbR28 R BA K A R AR 4k
L. G 2 K, WERE R, KRR TZKWZR, SBURRAERCNEEM. WA RE
KE, BOKIIFENSZERE TER, BIRIFEN DAY 5] F B K IRE .
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Table 1. Regression analysis results of measured monthly evaporation and monthly temperature
2 1. AZEEZMWNES AFEHSKIREVASHER

SR REA RHB THRRHR
HE 2553 0.0617 0.96
% 24.97 0.0630 0.97
B 26.48 0.0605 0.96
B 25.55 0.0617 0.97
1= 29.22 0.0580 0.96
AR 25.42 0.0614 0.95

Table 2. The annual precipitation, evaporation and runoff change in the future in the Ganjiang basin

32 BITRIERRERIK, BAMEBRETMNLER

RFME e ‘ Ak
E%/X Qi J&Eﬁ . . .
e 2020s 25115 (%) 2050s A1 (%) 2080s A (%)
P (mm) 1554.6 1511.0 —-2.81 1543.0 -0.75 1582.4 1.79
T(C) 18.24 18.43 1.04 18.42 1.02 18.30 0.35
RCP2.6
E (mm) 828.5 854.8 3.17 863.0 4.16 844.7 1.95
W (10% m®) 551.6 514.8 -6.67 506.6 -8.17 548.6 -0.55
P (mm) 1554.6 1568.7 0.90 1574.2 1.26 1606.3 3.32
T(C) 18.24 18.45 1.19 18.69 2.47 18.70 2.57
RCP4.5
E (mm) 828.5 849.1 248 862.6 411 860.3 3.83
W (108 m®) 551.6 532.7 -3.44 524.2 —4.97 551.8 0.03
P (mm) 1554.6 1582.7 1.81 1618.2 4.09 1704.0 9.61
T(C) 18.24 18.46 1.21 18.72 2.69 19.02 431
RCP8.5
E (mm) 828.5 861.3 3.95 882.2 6.47 883.7 6.66
W (108 m®) 551.6 537.8 -2.50 536.7 -2.71 624.7 13.24
~ 160

- RCP2.6

RCP4.5

RCP8.5

12345678 9101112

02020s

wE CAD
m2050s m2080s

12345678 9101112

123456 789101112

Figure 4. The monthly precipitation change under different comprehensive concentration pathways in the fu-
ture in the Ganjiang basin
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Figure 5. The monthly actual evaporation change under different comprehensive concentration pathways in the
future in the Ganjiang basin
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Figure 6. The monthly runoff change under different comprehensive concentration pathways in the future in
the Ganjiang basin
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MARFLEE A 230 R B LRUEAORAR I AR A AT RSB 5508 1~6 A2, 7~12 A2,
ENDEALSIGRN G . SLREIY 4~9 H (ERW 4~6 A), FERIDN 10 A~k 3 H, 4t
FFBA AR IR P BE A R ST LA SR U AR AR B AR s Sl an 14 7 o dil&l 7 ATBLk
BL, BTSSR R = AN BUS BRI A8, AR 2 B FIRE R R0, R AR AT v
REAE— E FEJE I s oR SR T B ik s AR K B K R 77, K SR B oF JE 15 23t — D 52 i

5. &hig

AR BCC-CSM1.1 BRI, 7E IPCC5 HEFEMI = FRE IR E #4%2 RCP2.6. RCP4.5 Fl
RCP8.5 155t T, N H SDSM it b REH A MG GCM it 1)K R S DR 1 B M B 1R A
NS HA K E PR N, BT S TR AR R B AR AR . E R 7451 0

1) fE=FIREEESAE T, 2020s £l 2050s B HI4E 42 i i1 LUt 3 sk, 2080s B I 47-4E % 5:: RCP2.6
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Figure 7. Runoff change during flood and dry seasons under different comprehen-
sive concentration pathways during future periods in the Ganjiang basin
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M RCP4.5 WKL PRI ERAT T HER IR SR AR, 11 RCP8.5 M AL 4% T AN il A B S 3G .
B I TR O HERS . ROREARI R 2B/ G B,
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