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Abstract

The stationary of hydrologic series has been undermined by climate change and underlyding surface
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change, and the traditional hydrologic frequency calculation method based on the hypothesis of hydro-
logic series stationary is no longer applicable. In view of the problem of non-stationary design flood of
Yangfanggou hydropower station in the changing environment, this study uses the ASD downscaling
model to forecast future precipitation, and uncertainty analysis of the precipitation based on Bayesian
model averaging. Then, the future design flood of the projection is estimated by the GAMLSS model,
which will provide scientific basis for design flood and flood control operation of hydropower station
under changing environment.
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1. 5|15

IKSCHS ) 7 B 02— B B S R . T 3R 26 I N RS B S5 R B L RE I T IAE S AR Gk ST 4y
BT TAE B — N AT AR K ST FIRE AT & — BBk, SRIMAE SR A SIE B IR T, AR AR
MWL, K SOFFIAEAEE— B C A A S I SZ[1]. 2008 4E Milly [2]3E C4R HE: IIK SO $ AR LA 757K
SCRHIN “—8E” RNEAFE, KT —BE B2 2] T k.

AR, BN RS AKSOF AR T IR T KEN AR, FEERELTIH I —_&HETiE
JRAEINIEAE, KA RN A R /K SCF AL S R A3 AR PP A (3] [4]; =R B, fRE KSR &
TIARRIAAE, 3 A2 BB I R B e AR B AR AR [5] [6] [7] [8] [9]. ik “IEJR” it “iEBL” , ek
IK SR 51 HIAR 6 20 A IR B S it 2 Bl BIDIRIABE T K SCHE 3, R o2 IR AR SRR SC G 34 o I AR SR VATE — 8
FREE FrT LB Gttt o, B TALE . RERRSET RIS (AR GAMLSS B4 [6], ] L.
KBRS SHS IR EZ NS R, & HBR SN Z ARS8k U a i k. Ak, &
SCiE AR T AR A R LRI (CMIPS) AR 3 Fh A HEJEOA FE(RCP2.6, RCP4.5, RCP8.5), KM Z M43k
BB (GCM)IEAT A SRA IG5 FeK BT, I CAREACAH PR &, KA GAMLSS LAY HEAT ) 776 7K HL ik i AR 15
THEE KT, AiZoK H sl R By vt e A AR R 2 A
2. MR R HEARR
2.1. REER

W B K HLE A 1 DY ) 1148 v L B 1 B IR MR B EL B Y (R E B VLT Ab (101°13'E, 28°35'N), S FHE 72 VL Hiffein]
B REE” FERIT R RIEANGOK YL, RN EIRVAK RS, AR RIK SR . 855 VA K s R A
TR S (b 07) 45 22 M K St (R i) P P il e T 2 18], SE/KTHT ARl 80,880 km?, 5itkg iy 9320
m3fs, Bt RN 11,200 m*fs. FEIT /K SCuE oL F 1947 4E 12 A, F g /K et #or T 2000 4E 6 H, H
Z e K SCEE A TR K B WA, %P T AN 81,161 km?. 7 55 7A 7K B SG ILAE DA b JR sk (LA T fT R
W FEIX 4) 7K R E ] 1 FoR .

2.2. BEZER

AR AIT R B4 « B 7T X 48 1953~2012 114 JJ7 5 Sl /K Bk A [E] A T P 3220 A2 B /K B8k B 78 X 33k CNRM.
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MIROC. CanESM 1 GFDL4 Ff GCM 7£ JE#E HH] 1984~2005 4 R i [4 /K Bidit, LA A7F &K RCP2.6. RCP4.5 #ll
RCP8.5 1 5t T 2021~2100 4E (ALK B dE , 1 ASD P& R FEERERIAG 2, 1 WL SCRik[10] .
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Figure 1. An overview of the water system in the basin above the dam site of
Yangfanggou Hydropower Station
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3.2. GAMLSS &5

AR, BEEG B SRR, NI RPN AT Ak AL S A SRR Y SR BR 1, Rigby
SRR TR TALE . REATERS ) AT IR (GAMLSS) [6]. GAMLSS AR EAE x IRNSH N
6 (i=12,--,p) MM REL p ASZEAE, o,(0)Fxr 0 SMRALRZ MR HRBOCR

gi(‘gi)zni =Zp 3

K O g KB N0 AR, n NEE X FEARKE, Z &nx|, EREERRE, B =(ﬂ1i,,32i,---,,8,ii)T%
KN LRI RS, | B RN . GAMLSS #M L g M KSR RECN s, XA RS 5
AT EE R BB AR T
4, RFEHHKHTE
4.1, KRIPEKOANHEME T

SCHR[10]FI B ASD #5754, ¥ CNRM.MIROC. CanESM £1 GFDL4 F GCM % Hi 1) RCP2.6.RCP4.5 £l RCP8.5
Kt NIRRT, Goit B RS 2B VLT 16 AN R0k A, X T 4 B GCM S 72 X 35k g B K A 48
R, EREW, % GCM EMEBVLRBISE — &AM A CET FR R, #—25i 7R XisRk
ANEE SRR KR, WK 2 Fix.
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Figure 2. The results of the next year's precipitation calculation of GCM in different scenarios in the future
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AR B AKAFAE KT FE A Mo R 3k 4 A~ GCM 7E JE v A A REAUL B /K AR A SN, SR BMA J7 it
BEAT AN E T, 15 A FK RS T BHME A EPEVRI ahR, 13 1 .

Table 1. Evaluation of 4 GCM and BMA annual precipitation forecast values
2 1. 4 ¥ GCM #1 BMA FK ERIMETAE L S HTITEN TR

VAN FRRR CNRM MIROC CanESM GFDL BMA
B iRz 131.69 126.25 151.26 127.17 105.21
AH X i 2 0.13 0.10 0.20 0.01 0.10
75 % CR(%) 72 96 100 80 92
AN 4 X ] ¥ % B(mm) 424 414 489 415 325
P mAZ IR EE D(mm) 125 70 46 136 72
BE (%) 26.3 27.1 18.4 28.2
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Figure 3. BMA results for precipitation in different scenarios in the future
3. REAEIFERTEMEKE BMA R

4.2. JE—BUMKITIAE S

WA REN B RTINS B SR s B, @3 P-11 20 AG ) SCATINEER, DL K o AR &
X 55 VA 7K R S U P B AT AR — B A SO 7 o SRR A AN I 22 380 1 b BZ R RTAR RAT ATR K ST
FIRIIS [ AR S, B e AT S B RN RA SO, Herb P11 235 vh BT IR 2 8k Rk e LA i, ks
HANEEAE, ANHBREIZD RS EAE— B P-11 2 A FRORE = 5 PR B R B R R T

)
SRS (o T L I . S0 TS
fX(X|#,O-,V)_o',uVF<1/V2)(,UO'V+V2] exp|: (yO'V+V2j:| ©))
XH, u=Ex,c=Cv,v=05Cs, 5N P-IIl FAAMNE. REMIRSE . WERERECN:
9 (#)=In(u),9,(c)=In(c),9:(v)=v (4)

MPAE AR BT, P11 4346 GD. AIC F1 SBC W1 2 fin. B3 2 118, DUERB/KE AT E
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I, 5= SHAR S ILH) GD. AIC Al SBC ¥ e/, Rk EL P-11 7345 b ir B S B 4R K A2 1L,
FRUESHATARSHI 0 H B RERU AR — Bk

Table 2. A statistical table of GD, AIC, and SBC values for the non-consistent model with precipitation as a covariate

F 2. Bk AMEENIE—HMERER GD. AIC A1 SBC EEIHR

RS GD AIC SBC
g(u)~1g9(o)~1 996.2 1002.2 1008.5
g(u)~1L9(c)~P 994.6 1002.6 1011
g(u)~P.g(o)~1 961.8 969.8 978.1
g(u)~P,g(c)~P 961.8 971.8 982.2
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Figure 4. The QQ and centile curves of the optimal non-conformity model of the flood peak flow sequence with precipitation as the
covariate

B 4. HEREFTIFEKANEERMIE—HMEREN QQ BIR BN IE

I 4 W15, BREIES QQ BRI RER I MMES S, KMo Al A(E 11 T, B2 il Bt B0
JEIR T S AR AE AN E] X TA) (R 0 A L, X SeHS UL ik JE — BB RO . 38 3 i it sl kg A1) LA
KRN A B A — Bt GAMLSS A 72 € B fabr . fEREMEAKF o =0.051, 24 Filliben
AR B Fr KT B 0.978 I AT U REALE IR B . Fh bS5 S, T 5 kb T AR 1) A MR AR A
Table 3. The quantitative evaluation index with GAMLSS model of residual residuals of the Yangfanggou station’s Hongfeng se-

quence is optimal and non-consistent
= 3. EARIEFIRRIE—H M GAMLSS {REKE E 2N IEIR

741 ¥ Vg S IS REL Filliben #H2< &% Fr
g -0.0002 1.0171 -0.0007 2.3606 0.9910

H GAMLSS #I AT LA Y P-11T 70 A I S50 S5 s i 2 R IA U
In 11, = 6.7524+0.0024P, t =1953 ~ 2012 (5)
KAy N PNl AL ESH,  PONERKE. BTSSR EZ IR AT AT AR R B4 —
BRI 5T
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4.3. RFWIHHKITE

A K 2021~2100 4FE53 % 3 NI HA, 437128 2021~2050 4E(fFK 2030S)+ 2051~2075 4F(fii Fx 2060S) 1 2076~2100
SE(TRITFR 2090S). AR AR P-1 234 v, T DUERE K R PR & 1 IR 1 T H b /K B AR AR A0
SRR R REC A, BMERASEH, Rk, WA B AT E AR T K, HE R G)EE], Hp, KR
SRR E SN AR BMA 2 855 7K s AR A Cv AT Cs SR BE 1A R 240 {f, B Cv = 0.29, Cs = 4Cv.
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Figure 5. Design flood frequency curves for each period of future scenarios
& 5. KKIERSNREAR I KSR %

K DL Bk R 5 GAMLSS R RS IEAT AR SR BT K T, Rk stk — e f2 5 EEGR T BMA
THE AT K, ARG SN ERKTM S a3 4 froc. aTRUEH, B RCP8.5 15t T 2030S I Hif¥ 4
AKANTHEHERSE, AR & ME A IR T2 HE 1, Hoh RCP2.6 55t T, MR A 10.30%~14.19%; RCP4.5
TERCT, MRS 5.93%~24.7%; RCP8.5 &5t 1, H4E y-3.15%~36.92%. HlEfH K12 RCP8.5 &5t T 2090S
P, AH L BRGNS 39.51%. 1 URAS B @ T K R RN FIFLE 3G n, ik 4 ok, wLLEH, fER
KefE 5 R RCP8.5 &5t T 2030S B HA M BTt AR RIS AZ /K /N T IR HEIA AL, AR SAME SN I K T2
W, Horb RCP2.6 55 R, Bt K G IE A 16.29%~23.61%, #BI I /K It IE N 16.57%~23.91%; RCP4.5
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RN, HETHKIEE Ny 8.58%~45.79%, HEMRIZEE/KIFIEHEA 8.84%~46.3%; RCP85 &5, #A# it
JK [P 381 N-5.85%~76.76%, ABRIAZILIK (K136 1E N-5.63%~77.09%; it it /K IR AZ IR 5 K K138 RCP8.5 1%
5= 1 20908 B HA, AH B3I 4 138 0o 76.66% A1 77.09% .

Table 4. Future design flood and school nuclear flood calculation table
= 4. KRR HKMBAZHA KT ELER %

RCP2.6 RCP4.5 RCP8.5
T H BEHEI
2030S 2060S 2090S 2030S 2060S 2090S 2030S  2060S  2090S
4EFE 7K (mm) 658 726 745 751 697 760 821 637 749 901
M (%) / 10.30 13.16 14.19 5.93 15.57 24.70 -3.15 13.79 36.92
weitdtik(m®s) 9320 10,838 11,336 11,520 10,120 11,773 13,588 8775 11,450 16,465
I (%) / 16.29 21.63 23.61 8.58 26.32 45.79 -585 2285 76.66
Btttk (m%s) 11,200 13,056 13,656 13,878 12,190 14,182 16,386 10,570 13,792 19,834
TR (%) / 16.57 21.93 2391 8.84 26.63 46.3 563 2314 77.09
5. &ig

ARSCLIM 3K RS AR AR B, 5 T B AR B K MK B OK, EEE S5 R W T

1) DAEREACN MR BTN AR B HOK T, AMUERER RS —EMEE L, ERex s A CA 1 —
SOERE R, 1R UK R

2) FET IR AR IE— S0 GAMLSS B, DL BMA J7 15453 I R R A A 5 T IRAERE KA AR &, X
W i 1B K L R RAS RIS S B B R BEAT T H5R, #E— @R LR T ARSR TR ] FE 1

3) ARK 3 M AURBANE TN, Mhsi /K ui Bt LKA — € RN, FnsEpiv.
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