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Bl DK ELR, T R, BERY, AEF

(L. P ERERE P ISR RIS Be, HlF 22 730000,
2. hERHEBERS:, dbat 100049;
3. VLI IS BRI R SRHPMNE A G, VLR M 210023,
4, FRHE RS, Il BER 611731)

FEE . KRR KRN T ZE 1L XS Gl S D BRI, SRk SO AR B AR 1, RT,
FE L1 XA HE K B et TR A AR B RO e PE . BRI, Btk T R AT 2R 2 T A 43 (o7 5 ke
#17%: (Quantile Mapping, QM) , X H1 RUBEE K { Fil # #5% 5X (Weather Research and Forecasting model, WRF)
RRDLAY) SR TT it A KA B A TR 25 0T I . TR EES 95 40 RN 98 4337 B /K 1y B M, E 4% 2004—
2009 4Fh EBIRT B, 2010—2013 4F SRR B , (5 Be bl 9 05 10k 8 o7 A% 3 PR A, 000 X 4% o B4 /K
PEATEIRITIE o BFFTES IR %07 W AR B K 23 1) 43 A A A S A A3, P o K AR AR AP 1T I
AR ITIERTR R H MK S Bl Z [ B34 5 iR 22 8 3. 41 mm-d ™, 48X 22 4 115. 67 mm-y™', i
BRI RIRZER A R 3. 11 mm-d™, 4aX w24 B %, 60. 3 mm-y™'. TTIEJE HIB AR R K 25 (6]
OMA BN AT, AR A K R B B T UL KR A 45 2R, LS AR C R Bh 0. 74 0% M 0. 94, & HZE
ITIERCR Tk, &2, Hh BT IERCR B R, ITIERT KR 22 5 43 EFE—0. 1~0. 1 LAV AY X I8
FRAS o5 3 del S T AR ) 28% , T VT IE S o5 FEd AN 28 66%. RN, 3207 B 0 W i e /K A 858 #03T TE 808, i
/NTH B K5 B (SDIT) AR 58 B K i (RO9p ) ISR 25 , 3T 1EJ5 (56 95 3 (S AADL Rk /K 5 0 g /K A i
BIAI R B 0. 15 R 21 0. 48, ARTIGE Ml s B /0 A0y BR W] L Uit T — P A IR S ITIE R, A
TR T Ay FE XK SCRFFZ 3 BT A i 1) B /K 0
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Lietal, 2018). {HRE M KRR 1 2 ORI (Tang cral, 2019) . BCORTAREA
SRR, R 7 B 5 K M K (Groisman et al,  (RCM)JEIR ISy R JUBE 9 Jr i b 4 R AR 5
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JF N B SAEBAL Y, B R R AMIR A3 (] 43 B3
GCM 5 IX 3k 3% 37 $u8 R B 7K SO R 22 (1] 7Y 22 B
(Fowler et al, 2007) . Fifi#F RCM [ A Wi % '€ Ml 5E
=, AR, K RCM [ 7K B 9% A T 7K S
W9 H (Ba et al, 2018; Pelt et al, 2009; Chen et al,
2013; Fekete et al, 2004) . #R17, Hi T 44 >k 5
23 (A3 R T HHAE B RS EUE T RN DL R
XA B2z, B oK EEE 5 R B iy WL Fe 7K A
b, B AE 5 K iR 2 (Eutschbein et al, 2012), JoH:
JEREIK 3 A B B A2 1 X (/N 2 48, 2011,
2012) . A BFFERWT, B 45 R A 2 AT ]
WZEITIE, M TKSCHsE, Sk — kR
KA 22, S BOE 2 B9 A 2 PE (Wood et al, 2002;
Feddersen et al, 2005; Hagemann et al, 1920) . N
MCEAIOORT BE , 7K SRS R B fI— £ T ARG ff i O
S, W B UL R K AT 1T IE S AR AT A
(Chen et al, 2011; Roosmalen et al, 2011),

1% 27T 1F (bias correction) & A5 T 1R £ (1) W
it B N AT A A D2 5 (i R sl 500 i
AT IE AR A D 45 R (25845, 20175 Teng
etal, 2015, XULRMI4E, 20125 RF4F, 2018), =
ZITIE A 3 B T IE AR 8T . Hor 2
w1 IE W H ik 3 B 8 1 (delta change ap-
proach, DC) (Hay et al, 2000 ) FI1Z M 45 il 7% (linear-
scaling, LS) (Lenderink et al, 2007) , $f 8l 4% <
AAE S (CCS) # L s in 3 H 55 RUBE ULl %
Kb, THREAR BIROR A . 2R ik LS AR 5 W
DS FEADUE P 22 5, X 1 B IEATITIE , #Hig
AT 1IE 5 MBS B K 5 0 & 3 — 3% 4k
SNET ST, (HE XA KT T TITIE,
R T ERNAR, K75 AR S, X o
KA IT IERL R 458 22 (Graham et al, 2007) ; £ 4 ik
e ik = AN A N A 1] s s i = N e Y ]
Tl 77 1k 34 O 58 X6 i % 3#F 47 48 1E (Eutschbein et al,
2012), MHITIE ik ypah T BEITIERA 2, 7]
VI3E 5 VT TE AN [R) e 7K 5 B8 ) 01 238 43 A1 >k [A] 4237 1E
RE K ) AR S R R K R o 0 o B S v 2 LY
PIIIRTT IE T, SR AF R E bR b Bk SRR 2517
1E #4337 5 (Cannon et al, 2015; Gudmundsson
etal, 2012), BAEARM L U 2ETTIE Ty T HAT L #,
FEXT B2 7K ) BB AR 3 A A TIT IR o % A
R B K FEAC B 6] 3 41 25— AH R RS E B R
S PR, TTASTABLREE 7K A A 50 A1 a7 R DA T 0800 o2
KR4 . BETC AR 2 % H s iz kIt
J& 1% 72 1T IE T./F (Reiter et al, 2018; Justine et al,

2017)., Piani et al(2010)f# F3& T Gamma 4375 A4
R PR FIOC RCM AEAUL I WU H B 7K B s 1 7 152
ZITIE, S5 FWZ T IR R R s . BS
SR 3 s UL A RSSO = () # A% 3 R U TF
PE K . AR (2014a, 2014b) fd % 75 12 %
PRECIS IX 5 i i} 45 2 #1777 1IE . Themepl et al
(2011) i FH 6 Ff T 1 J7 32 X6F B /IR B 3457 1 X 1) RCM
R IUBE H R K IEATITIE , 25 534 W40 0 B S a4
R, UHEAERE X, 3 T IT R R K
F

HAT, KZE QM W58 #l & 2 T A s o A
PRI BIORE) A% 258 pR R, BRIV A B0k IR DA i e
34 (U0 Gamma, Weibull %), (HYEEFE X, 2401
DR AS RRAR L7 (06 2 sR B A ), T IERCR IFAS
HiAH (Lafon et al, 2013) . Gutjahr et al(2013) ; Gud-
mundsson et al(2012) 55NN, FET L5/ QM 7%
FI T H T HIS A BREL QM % . ILAk, T
I . RUGHCSE DR 2R A S, e S L XU K G
BEARAL , S 8 25 32 XU 1453 e 45 2R B R (] Ig I8
45 02009; BORASE, 2014), 1M H AT IR 22 1T IEAF
FEMN XA AR R 22 AT I, IR R
T 28 A IR A6 T X A = 118 R K T TE 45 R 52
Yang et al(1995) 45 i : ZEFEAILM Hr, XU 51 Y
R IR EE AR ZORE, KR, MR
TR, B n ol [ AR K WA B S PR R K
/N o TR, A S R (ZEBA % AE, 2009,
20125 K ENAE, 2018) , AP 3% L DX Ry i 44 bl DX XU
K, FEEFTIMME 5 SRS B AR R R I 22 .

AHIE 5T A S XU 5 | A 1 SO 000 o2 7K 488 2R X 1T
ERCR I, 2546 = F€ 1L XA R K RRAE , {3
T2 10 53 A 8 3 (5 RS 1 X A [] 5 B 1 A 7K P
IMPEATARITIE , by ZE 10 X AR — B30 Y B
IKATIE T o AR SC LA B R i o8 X8, e 4%
2004471 H 22009 4F 12 A /E A AR BE, 2010 4F 1
H Z 2013 4F 12 AAE K UERT B, JF 707 £ e 5
e, Al R 220 1E 5 BOULIN R 7K A (5 25 R X WRE
S Hh R 7B A S ST A% 32 PRI, O AR L
JIT ST A% 3 pR U T B0 UE T BEEA TR AT IE , Ry
IR ST 5 £ A SRS 1t 0 3K sl 8580 -

2 AR REESRIER
2.1 HAREREER

BAT R [ P b XA R N BT, T
TG A . e R B I TSR (K1) .
P o sl o5 Ry VK e K STk (38948 N, 100°117E)
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Fig. 1 Location and topographic map of the upper Heihe
River Basin. The stations in the frame at the top right are
interpolation stations, the grey area represents the entire
Heihe River basin and the black area represents the

upper reaches of Heihe River

U RARVGW S, A2 40 N FE, P R AR
W, PR AR, OB R S, AEIER
B s T AR R 10009 km?, 3R R 1704~
4883 m, Fi/K it BEWEI T = s, AP K
F£200 mm P I, 78 5 11 X 0] 35 700 mm, FFK
FEEPHEE S, L) EREEESIKS
KR T KNS L ERKZE AR KRN
RN EAEIA], AR, B L iiE
TR AR e AT WA D HE R Y R LA A R
TR T AL S T & (FEE RS, 2006) .
2.2 HHEKIR

AR T %R 45 DEM B4 . WRE A5 = gy
HB RE AR DL RO B 7K %54 . DEM i 4 90 m
43 #E 2R ) SRTM4 (Shuttle Radar Topography Miss)
Hod , WRE B R K B0 Sk BV 3 800 Hh O
T 2000—2015 45 KBRS Bs 5 (/N2 4%,
2013) (http: //westdc. westgis. ac. cn/) , K% 8] 43
HEFN 0.05°%0. 05°, BFEIZ-HER K 1 he ZEHE N
WREF3. 1 A 2558, SRAWZRET %, 6
—J2JE A 32. 6°N—47. 4°N, 92. 4°E—107. 6°E, 4
TR R SRR 4 (37° N —43°N, 96. 6°E—
103.4°E) , ¥]1h & ok H 25 W] 43 BE R 4 1° 1% FNL
(NCAR-NCEP’ s Final Analysis) % #fi (Pan et al,
2012) o B K UL 5 Ak 258 FH D VAT ] BT 1) AR o A
2004—2013 A WL £, Horbr, W P S B R
H TP oo (BR(FH55, 2014a, 2014b) ,
ARk B o E R4 80 M (http: //data. cma.

en/), LI H R L KGR FI L o Fh T A o
SR (AT B A YRR 1 ), PR M BB P e
HHE R 8RR el i I TARIUE(R 1), fEE
G- S R SRR A O
x1 REREBABSKAHER
Table 1 Information about meteorological stations in

the basin and surrounding area

i % 2153 44 /m IF [ 65 6l
MWigZ 100. 11°E 37.25°N 3302.4  2004—20134F
S 100. 46°E  38.91°N 1483.7  2004—20134F
ik 100.24°E  38.19°N  2788.5  2004—20134F
By 241 99.58°E  38.42°N 3320.0  2004—20134F
IERs 101.08°E  38.78°N 1765.9  2004—20134F
e 98.02°E  39.03°N  3368.3  2004—20134F
A 99.79°E  39.36°N 1332.9  2004—20134F
K E 101.58°E  38.18°N  1976.5  2004—20134F
P 99.88°E  38.27°N  2981.0  2012—20134F

3 ARAE

i FH 4357 B0 5 2 (QM) X WRE 45 =2 [ 7k 3
BEUEA TR 22T A, 10 DU B AR B A B A7 A (1)1 25
3t Al SR AT R K i 2, 2 iT IESE R, PRt
T BT RO B AT IR 2208 E . RIS, ST
O3 AT B ST X B R K IR 22 T IE AR, , AR Sl
FHAHSE ZEBU(R) | SEH A XFR 2 (MAE) | ¥ 5 AR R
22 (RMSE) , %1% K 22 (AP) | “F- ¥ H B K 58 &
(SDID) ZEVEA BRI F-XF 1T 1 1T S 08 e 3k 94 7K B I
A2 (8] AT E AT o
3.1 WiMpEKIREEIE

P T R S A ORI 3 4 G ORI g K 3
INFSEBRRE K, IR R B X, RS 4 08 I 463
TR o BRI 15 22 B BEALEE 2% K Ak L MR I
& R B B ik o AR SCE SeXT 2004—2013
SRR U A TIR 2B 1E, 2 R 228155 1)
Ul BRI T S SR KT IE S S5 R T

i A% D 5 (1988 ) #1816 o o4 T 22 A7
FeoKiR2E T, BARA R

p _ [Pt APDCR > 0. 1mmig ok H

o AP iRk
Kb PABIERIREK; POVWIIFEK ; AP, AP,
O3 BRI IR AR K s CROMIIHER, Fm
S A K R SE PR K 2 s 1/CR B IE R EL.
Wb X ZE RN, PR AG IE B AN R 28 Rk .
I E AR AR R S SR T (4

(1)

t 2
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KIKAE, 1990)

CR.,,., =exp(—0.056W,)-100 , 0<W, <62  (2)

CR.,,, =exp(—0.04W)-100 , 0<W, <7.3 (3)
CR,...,=CR,,.,—(CR,, —CR,)(T,~T)(T.-T,) (4)
K. T, TFRRFERMBES IGFRE . ®ET=
2°C, T=-2°C, {&ER T2 °Chf AfFK, i F-2°C
B R RS, A F W Z 0] )R W 96 55 (Yang et al,
2001)

(3 VR TR E 7 B SN N s P S ) s
U FR b v R A A LR 5 2k, [ K B R
JeH K 0.29 mm, [FE K 0.3 mm, (KK,
1990; Yang, 1988) . i F& [ A5 o B &2 1 ) UL I
FEEE A 0. 1 mm, IR FEK AR T 0. 1 mm ()6
FK$% 0. 1 mm JEFFIEIE (Ye et al, 2004) .

3.2 ihAEHRE

H T N Gl M b, H R FE L X K A2
TR 52 00 B8 A B 42 (Wang et al, 2017), i FH i
BAAAFRAE T ARGl A TR, S (AR B
KA [ A A E BROBIVESE, 2018) . BRI AR SORE &
FRAE AR (A &, ¥ R A I (e L, B8 hn 4 (i
FEAR 5, LIRS —E 0 &P AR (E R K . 38 ik
S 34 ARGl i dEAT (A, KBk i &
FEK IR ZEMEIE . Ho2s A o 35. 22°N—42. 7°N,
94. 41°E—103°E, [n]i} 7 88 &5 2 1 F P SRy
SRR, A HAE AR S S 5AE . A
PR AR (L o5 B30 R B ) e 2 1 B R Gl i, i PR
TET 5 B2 B B KO 80T 1 75 22 A B[] 7 510 1)
IR AR AL 338 PRES, WIS DX P R AT HLAth e U %5
s, AEL UL b ) A 266, A7 {3 A IS [R] B9 AR 2 — AT
AE 25 K RS E PR, 1 BN AR K s [] P 1)
MY REK RN, AR iE A H TR AR BRITIE . It
F, BIF5E X P IR [ Gl s A0 1Y) 22 B30 A A 42
BEAERGIE 5 m b &7 2 Rk i, HURAE AR K
LI ) 27, JEANGE & T FH A0S s B5His 1) 4 {8 AN
YOIE

S A AR R 0t S D AR 0 HL A Rl
Uil A BSOS B RS A (R B P B T, R
KGR Z A B O R DL SAf o #4224k,
et AR A BR (%) UL 540 25 14 T AR AR AR R A AR 1) 47
HEER . BAAEE 58 = &% DEM &
SKAER 1 km B3 B, Al ] = ZE AR 2% R BRI
B H Bk B, SR 1838 v B 4y VR EE H
R K AR T 1 BRI L, e Jm 456 B K il S
H BT E LSS A3 25 H BRI, B Id (g R R
A BN, AKCE 2 B SR B K — 3,

}70.05°%0. 05°,
3.3 S{rEmhEtik

i BB BT (Quantile-Mapping, QM) &4k T
WA A LT IE 732, AR UL e 7Kk RS AUl R /K 78
WA A bR — B o % TR TE A ST B K
UL R 7K 22 ) ) A% 3 pR B, X AU R K iE A 71T
1E o ARSCEET o Bl &8 7 A% 35 sR AL, At FHUEI
B 7K X WRE A5 2R ABL R K G2 A% W B 71T 1E , AR
JTEE

(1) 715 2314 45 oK A (Cumulative distribu-
tion function, CDF) . #£#+f2004—2009 4F: B 7K Z 4l
X ABEADL 3 A RO I R K A7 P HE Y S 8 H Bk o
KT 0. 1 mm 7K H I AT 3K B, [R] BRr R
IG5 R 100 4> DX [, d5 /N DX T A feff FH 42 14 4 8 19
o R AR B B 1 [ K T 8 0 L SRR K
TR 5 K A7 (L v A% A ) R RER B A, I
BT

pdfo= [ feods . (5)

a#@%=fm#@ﬁx, (6)

Ao x MK ; pdf (x) K EAE [a, b]IXTEH
34T 5 cdf (x )RR fi /N T — B K 3 1A x,
F A BRI HER A, M x, M KR KA, SR
1,

(2) #4 % 4% 3 pR % (Transfrom Function, TF) .,
M T REK 2 R IE R K, B A K 751 i
ATITIE,, XFFHr/Nes BE R K VT IE RO 804-, (EX
e vt A A T A SR 3 2 o O T T A b A AR v R K
IR — R 7K AR 238 1 B4 5 R 5 W o 43 B, T
B BRI TR 25T IE . i S HORE, e
BRI 0 B B R 95% 11 98% , i ik E A%
A B A LB 5 WL =2 [8] i) CDF. i F 9 % 22 [
MR FR L TR, HAEUIGHEEIT
FEZHAUS, P, 75K T 98% FI/INT 95% Y M B
Wl LR TG I TIE R B K 4(a) |, BT IE
SR T B AR K 7 51 1% 38 iR A (G R T
98% FlI/INTF 95% My rhiE B ) . #Le LS ITIE/S 1Y
St A R B WIE AR . Tk T .

ay X N x<x%lh
a, +a1
TF(x)= X, Xosy SX S Xogy (7)
a - x N x>x98lh

cdf o, [TF(X)]=cdf i, (x) (8)
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FHT s Xgs, FH X5, BTN EE 95 351 FNEE 98 S I
KL TF (x ) RAEEB R a, il a, 73 AR/ T 95%
RO AR TF 98% HRAF T IE R EL; cdf,, M cdf.,, 73l
R LI B2 AR A7 (RS FUAREE 7K 1) SR T THHE R 204 .

(3) o FH 2 A5 B B 9 4% 36 R B006) 360 TF Ao B
(20104F 1 A 22013 4F 12 A ) BB [ KB 6 1
PEATITIE , AR BN R T IESS 2 .

X, =TF(xy,) » (9)

A x,, AR I E ; x, AT IEMES
3.4 HBERAWHIE

BOHE 50 E 5 % LAy S PR Ay o B 4 R
STIGUE o 57 B SR 2 X6 K B[R] 51 1 A L
TR AT AT HEATITIE , DA 265 1 50045 B B K i
JEE 3R T AN A2 L2 8 D s B /K X L )
AIEATITIE . PRI, SR F sl s A K 8 B X AR R 1 T IE
Je BB AU 8 AR B R A7 30 UF S A BRI o AR SOKE
SODLIELAE A BCSEARL, 3%l s T Ak A% I 1T T i
S BRSEALL A 7K 5 SO L 2647 B ()7 80 % L o

BF5 0 U] DA A 38 8K 1% 5 [ 43 A RECE
PEATRE A B o o FH S a5 A 1L A A% s B X3 T
1EH A AR K AT X L o A SR AT 51M48
FRXTE5 SR AEAT MR L, BN E R E(R) L
By ot 1% 2% (MAE) |, 17 iR% 22 (RMSE) | [k
i 22 (AP) | V-3 B K a8 B (SDID) FIAR 58 K /K 1
(R99p) . Hirp - H [ K 58 B R 4F B K 1 R K
HE(H KRR T 1 mm)Z e, 4EREK IR 22 J i
PE BT A A 9 A -2 B K A 22 , AR
KN H KRR T 99% Jr i B SRk .
AR AR IE T

¥ (- Dt~ o)

R= , (10)
\/z(x_ ;)2 (xob.v - ;obs)z
i=1

1 n
MAE=—Y|x-x,,]| , (11)

n i

1 n
RMSE = ZZ(x—x,,bs)z , (12)

Aorfe MRS IGTERT, 0 M RRK OB 4R
WG RIS, n A% S x BB K BT
IEREK L 5 x R BE ST IE P31 5 x,, Fl X,
UL e K B AR A . RBRAE IR T 1, Wik
A A FOL(E Bl 1T IF (B B8 B2 3 T UL B4l . MAE .
RMSE /)N, RN AUME BT 1E (-5 W00 {E 2 [6] Y
RN

4 BUERSEETH

HH TR 7K TT TE {8 540 Ry 8 1 S5 sl s K
FOFRAESE S, IEAR BRI . N T RIER K
ITIESS SRR A B A AT S8, 752X B KT 1 ir
B A B AT, AL LI 5 K 8 TE 45 SR
FEoKAmIEZE A
4.1 MMPEKIEELER

DA S5 J] BT 11 8 A0 52 il s, hy 051 %o XU g 7K A
IESERIEAT N, AT sl SRS R R B I AT T 46
PABIE . I 2 0] LUE H, R 51 Y 3 77 312Kk
B TR 22 R R, L B K T A& TE L3
D ARBIEREAE 1.98~3. 46 mm Z [6) . [FIW}, 454
FE2 WA, AEREOK B R Bl B OE B A
oo Y A YA il i, B IE #1100, 5 mm, 3R
PR 90 v 8 A b DX A K e g, T R

600 I Rk

[ Bt
C s ik
5001 W E

C I WaREK

[
[ O

AEHIREIK B/mm
8

200

il i

VJU# E{i;& ?Klﬁ. Efﬁ;??’@ lJJI ?E%)ﬁ Elé.‘ 73<IE
K2 2004—2013 AR5 b i K 1B IE 1
Fig. 2 The bias-corrected precipitation amount of
each station during 2004—2013

R2 20042013 FiREFEABES KR AEKEESR
Table 2 The corrected precipitation of meteorological
stations around the basin during 2004—2013

N BIBIERY  WIMEK/  BIEIRREK, BIER K
o mm mm mm (CF)
GIE 98. 0 407. 1 505. 1 1.24
[iSi13 36.9 144.3 181.2 1.26
A i 70. 6 421.0 491.7 1.17
JF 2418y 100. 5 480.9 581.4 1.21
i 48.7 219.9 268. 6 1.22
e 73.3 343.1 416. 4 1.21
] 33.5 124.0 157.6 1.27
K E 56.0 215.2 271.2 1.26
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K, PRIt i XU 5 RS 1Y) 3 7 40 R AR 3l o
& 1IE 2% (15 IE % %% (Correction coefficient, CF) 4
SEPRFE K S WK 2 O FE 1. 17~1.27 Z (8] . iX
V25 3l i SEBRRE A S EARAL T 20% 2247

SR 48 7K 168 T 2 5% M o K o ) B, 8018
TE S5 B3 OURIN 38 7K i A8 TE TG AR ZK SO a7k
1& IE 2 X T A 09 R K H RT3 1A A 45 33 4 2k
B IE, PR B 7K R e A S M K, ) s 2 el A5 v
IR B 3 1) B K M 38 43 A o 5l TH R 18 TE 1Y) 3l
SRR FEA T IR ZEAEIE , W2 S A 1 fm 22, A4S 7
Ti#, TRE S 20T IE 4% 5 o B8 L 92 .
4.2 BEKIEEZERRIE

Shy 43 BT SRA (R B K A Bl L P
2004—2013 4E FI# /% 1 2012—2013 4E & 5 B 1E =
F14) 3 55 888 7K RS 478 (1 B2 7K AR A 0k 57 B8 U, [ B 38 o
WRF A5 7 (4 4 5 B A7 X b, DL %€ s 3
Bk K R ADL 8 7K 22 ) 1 2 S o 8 3 R 4 3l S5 A

ORIV RTINS N v o s IR VA RE= S 1 B/
oA, AR AR, T Ll PR T R LA T A b
X, XA S — o B L AR R IR (R 4k
MRS BEAh, TN S, A2
{14 T BA B TE A5, 3l a5 AP B B A B 25 SR 2558
i A AR AR T IE A RER . X FE 25 SR s, (B K
S TENGEE: S e a VN U1 TIPS OE R R g
AERIRF K R 259. 3 mm, 143 T 268. 6 mm (1)
FOWLINREEZK , AL AR A K MmAES , ©4 204 mm.,
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Bias Correction of Climate Model Precipitation in the Upper Heihe River
Basin based on Quantile Mapping Method

LEI Huajin"*, MA Jiapei'*, LI Hongyi', WANG Jian"*, SHAO Donghang*, ZHAO Hongyu'"*
(1. Northwest Institute of Eco-Environmental Resources, Chinese Academy of Sciences, Lanzhou 730000, Gansu, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;

3. Geography of Jiangsu Province Collaborative Innovation Center for Information Resources Development
and Utilization, Nanjing 210023, Jiangsu, China;

4. University of Electronic Science and Technology, Chengdu 611731, Sichuan, China)

Abstract: Regional climate model precipitation makes up for the deficiency of scarce meteorological stations in
the alpine and cold mountains, which is an important variable of hydrological simulation. However, there is
great uncertainty of model outputs in alpine region, both in the total amount and frequency. In view of this, we
have improved the existing quantile mapping method (QM) for precipitation frequency correction, and corrected
the daily precipitation simulated by WRF model of the upper reaches of Heihe river. Precipitation at the 95th and
98th percentiles were selected as the threshold, and 2004—2009 as the modeling period and 2010—2013 as the
validation period. The transfer function was established by piecewise fitting method, focusing on correct the sim-
ulated extreme precipitation separately. The results show that the method not only has a significant improvement
on the spatial distribution of precipitation, but also has a great correction effect on extreme precipitation. Before
the correction, the RMSE between the sinulated and the stations precipitation was 3. 41 mm-d"', and the absolute
deviation was 115. 67 mm-y". After correction, the RMSE was reduced to 3. 11 mm-d’, and the absolute devia-
tion was significantly improved to 60. 3 mm-y™". The spatial distribution of annual precipitation in the basin im-
proved obviously, and the annual precipitation amount is closer to the precipitation interpolated, the spation cor-
relation coefficient increased from 0. 74 to 0. 94. The correction effect in spring and summer is better than that in
autumn and winter, among which the correction effect in summer is the most obvious. Before the correction, pre-
cipitation deviation during -0. 1~0. 1 only accounts for 28% of the total area of the basin, while after the correc-
tion the proportion increased to 66%. At the same time, this method performs well in extreme precipitation cor-
rection, reduces the simulation deviation of simple daily intensity index (SDII) and very extremely precipitation
(R99p) , the correlation coefficient of simulated and interpolated precipitation at the 95th percentiles was im-
proved from 0. 15 to 0. 48. This study provides a more effective bias correction method for the upper Heihe river
with scarce stations, which is conducive to obtaining more accurate precipitation data for the hydrological re-
search of the cold regions.

Key words: The upper Heihe River; climate model precipitation; quantile mapping method; bias correction



