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i EREKRAIRE ST R EEIE
I, BRI TR, BT

(1. PEREEEREXAR S TERREN, =M 730000,
2. Water and Environment Research Center University of Alaska Fairbanks, Fairbanks, AK99775, USA)

BWE, 7 1980s ZBAFHMABHATHREKREAMAKEREMLE, KBEE 726 M58
¥5 1951~2004 42 H MM BER | STEKMSIIHRE . HERKUEBHEHBRRHTRENEE,
DI B ERTNRKRBEFIRAEN, IEREIELBRKBET I BMAKCETF RIS RME
M, BEZGRRR, FARSIHRANEERSIENSHMEREEMNRZRE, HEKK
BONBESEAMEARKUMNRALEEETEERM, 2E 26 T8 TRAKBERE
8~740 mm Z [, T 125 mm, WA KE T BETE 5%~72%, T4 18%, AKHE, %4
EHERBATES, HAZEIRBNTHRZ, NSES4AE, HHRTFELEE—-BDT
50 mm, FEHEKRF 100 mm, S FREBHBALNAMBEE L, HPALBEKRT
30%, MBEMBENT 20%, X—BEFHERT2EN II%EEHNEHEEER,

*gﬂ I‘%ﬂ(, 'l%§1gﬂf, o E

1 5|§

ek PR R BT EBRKRBEHURKBEEMHARBRTENIBRERZ —, BKEH
IR S AR WRE RS MK B, MEM FREDZE2SRAERHS®K
MAKXHREXRER, HATFMTARNBKERETERRSMHAERNTE T EERNE R/,
—FHEHTFREITXRGRRE R AR U R HE R BEME R K, [t
TN R K AT, AN KR ET/NTEREKE, H—-FE, SEW
BitRHEE WG HERER, XEAERFLEARERMEKEREZ /T -, »
M EPFR _E M 1970s A3 46 X & Fh i BT T X R ee | AR SR HETE R |
FEMAHE RN R RRE ST REBIT KR, 328k 5K R BT
HHBIED,

HATKE I ZELREKBAREN EEREE, (1) WA FHRESE, RIE
FEEREREURKERMEK, () AR E, H#KAMERWN G &S ERRE
By 3) MM AGHFEERMRZELT, HETEARNBEEZREHRTRALAFEEEL,

T VR A B R K RIS A% O B X R LI R PR, AR RAL (WMO) #
1985 4EFF )& 1 B AR AR B BR-S1Em EY, UXZEEE 8 A B K A i & #) Tretyakov
WER (RIRENRERRME) VS EWEM, M 1986~1993 43 W #E B EW &
WY 13 NEFNTEETTE 20 W H A 34T T 3T e mn, Hed 1985~1991 FAKE L
EARFFFIRM K 917 m B8 ARF AR IEE 3730 m B ZEAFHIE 1 51Kl it
17T ARG KIRZEXF i, B g WMO 4t B Br % R LI 08% , s K8
Nipher 55 WX, £ E NWS 8" #n#fe i & 1109, &% #7 Tretyakov M & 1L K&

ICHS B 2006-09-06; fEITRMR: 2006-11-09
RemE: PEMSKEEN MMRE (KZCX3-SW-345), B EAF R X R REHSE S TERFFTAA S E4E (2004116);
EXERFES TR FINLHE (2004102) [Foundation: National Natural Sciences Foundation of
China, No.KZCX3-SW-345; Funds by CAREERI of CAS, No0.2004116; No.2004102]
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4 oA %R 62 %

Hellmann T & 106 EH R ER R0, BEHTRKRZEBERIL, XEFEE
EREKREZEWMMAS SRR, SR, BKESSX HEKERETBIE, @it
XEFEEAFERNNAER, YEAHERKEHAEFNREED 2RTVPHERT
1% FE LR % — S P T 1 I B K 09 b X 3K 50% ~70% U3, & 3T Adam and
Lettenmaier®™$ 1x ok 7 3k I F 81 &8k % A B KR AREBLE |, DRESEKFW
Tk AT 1 B SRR K I R 25 % iR IR 4 oD ER , RIERE 710 KRB LL 1951~2004
ER B BT EEHET TRFENBIE,

2 WRIE

M H KRR E RSN RRRK, BRRA, IWEHMBERK LS T EWN
SRR A S W EM MRS HREA, ROHBEM dFHHMEFEHETWE
W, AmX— et aiEen, ERURMERL, B KELETRERRR

P, = K(P,+ AP, + AP, + AP) ()
K. P REESHEK, P, ARSI M EKE, AP, F1 AP, 47 3 0 RK R MZE
WK, AP AHEBEREK B THERKERE /N, —BMATEZEIIHL, K 230 1#H
REEER, —BKXTI1,

REREWNE IR WUPER, WARWNET, 1985~1991 F£7E & K F 1 #
TTREENBEAKI RN, BH FARMETRENEEREMEF R ERTFERY
MEEARKEEMNFEXHEK 916 m, FMHEKE 260 mm B S8 RFo & 1L X EE
4200 m, EMEKEHET 460 mm XL 1 Bk ) RE K — R FWM A E TR0 X
I T R0 MK R 2 0 KRR E, RPEHEFEELREKIRS NE
o, HX—HEBENT, ‘

2.1 BE#RE AP,

TR0 2% J 18 E MK I AR RS B T T R B T G 5 (B L TR B AR SR I B AR IR S K &,
HANFERRETFRAESE, WNKEEER, RERE, 500N & T 5080 &3
EX0.30 mm, SEWHFEMELN 029 mm, REERFUMMEMESRIRMBK, &
BEEAKR—ELRBLE, EARTHERE, X TREKA, BEHMEE 1 XR—Kil,

2.2 fRFEEIKAP,

REWEITHRNEE R 0.1 mm, FBAKE/NF 0.1 mm WEK, K& il F iM%
KA, MEREKEFKRLNPETTEE R4, MEREKT BB AE 0.05~0.15 mm Z 8], #
B EIREKRMR S, STTHEKA, 0.1 mmBIE, BEMBIEKE S,

2.3 HEERKAP,

BREMKEIRTEEAWNNZAATEMPREEC KR, X H LM 2R EE & T
REBRERBERCY, FERGLT WL A 2 A0 00, AR 4 5 B A T 00 0 A 6 b
MeERELER, REEZRETEITES LK (8K 3640 m) FEFHE LR LY 18.6 mm
(4.4%), MABMLEERAX 918 m) MHEAE 44 mm (1.6%), XEFERHT/HTERRM
TR B KB, SMANME TES, MBESUNEAFEER, ZEINE
MEEHEWMERRL, HLAHTENMT, REXTRE R LR E R &M
BN, ERXEKREFTPAREEX—HREE,

24 FHAMKI

MM R EBEREWEII NGH R TS EMMREN, ATHSHEWNERS
ZEIRM R, BERESOMMREE RS2 W HRE (CR) B4,
MM EKESEREENEKEZL, TERRTRE, BKERGE. F) LT
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15 MAAE S, E R R 22 40T R R I 5

IHRA . TR R DR LA RS O XU S0 20 2 1 R S ) 300 S8 B¢ X AR
MBS REY, REANBITHRERSKER KRN T,

CR, ., = €xp(-0.056W)*100 (0 <W,<62) )
CR,., = exp(-0.04W,)*100 ©0<W,<73) 3)
Hdw, BREAZAEN 10 m BEHRXE (ms), MMEMNETRITE.
CRriwi = CRume = (CRoe — CRu)*(Ty + 2)/4 (4)
2 (T<-2)
T, =12 (T>2) T,=2 (T>2°C)
T (25T<2)

TRHFHSE, %L ERFRSES T 2°C HEFME, KT 2 °C HES L
B, XA MK 2 BRI IS AT PR ML TR TR 2 B B ERBK = UCR, KB
U | WKL) Rk KR SCRREY H MR T LA RR

) [K(Pg +AP,)= (P, + AP,)YCR > 0.1 mm KF/K H .
~lap ek H (%)

(4

3 FRKBESHE

RUE TR B RS b ARG 726 NS0 1951~2004 FZE H SR, BEK, X
HPR, LI 1980 FFARTMI SR AR W R ER KRR ETBETE, R4ARMF,
31 BAHEKBELR

AMKEEEREZHBKBEZAAT, AEREHTREZREA, BRXELER
MEMNBK, HM1AHTERAMERN 1 A7 AKERK, BEHK, ShARRUR
BELENIN, RNERIPAETHAGHIEBEERUKEXSRERNASR
R, 4REH, HMEMRKE TEEHAMEBRKHEEWRE, 28 1| A EHHERKE
EE7 0.02~1.09 mm Z 8484k, W 7 A7 0.15~1.03 mm Z @34k, £HH FHHMER
KEERT 03~05mm zA, HPEEEL £FH (K1), HEVERE/N, MLHERE

£1 2ETI0TSKYEASEREABAXHSRERFHE

Tab. 1 The mean values of precipitation correction amount and meteorological factors of
710 meteorological stations over China

o OBKE BT ME B sh B BE TR ME b ®Em R’ Hy P
B ORE % BK Bk Kk FER BB BK Bk Bk HKKk BE BEX &b

BIE KE & #BiE BE BF R EBE BBE
" R R R 2t R
B °C m/s % mm mm mm mm _mm ___Im % % % % % %

2.9 2.6 534 04 1.9 2.4 47 231 184 249 129 534 919 4634 202
02 2.8 452 04 2.0 33 56 303 248 201 138 49 796 2868 189

55 3.1 211 04 2.4 53 81 493 413 129 145 274 557 3019 15.4
12.2 32 81 04 2.6 1.7 106 742 636 80 139 155 383 1925 12.7
17.3 29 1.7 05 3.0 101 136 1075 940 50 125 95 2719 1347 10.5
210 2.6 02 05 34 126 164 1441 1277 35 108 63 213 879 8.6
23.1 24 00 05 36 144 184 1637 1454 24 100 49 181 68,2 7.8
222 23 00 04 33 133 171 1496 1325 25 98 53 184 674 7.6
18.0 24 04 04 2.8 9.2 124 971 84.7 39 104 84 236 113.8 8.5
120 26 64 04 22 5.6 82 517 495 58 115 155 337 199.5 103

5.0 2.7 282 03 1.8 34 55 324 268 128 127 330 594 3405 137
0.9 2.6 478 03 1.7 20 4.1 19.6 155 233 124 53.0 8935 4572 18.6
11.0 2.7 35 48 305 892 1245 9467 8238 1.1 111 5.2 184 27.7 12.3

[ —
'H?N»—-oxooo\la\u.p.uw—
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6 b ) 62 %

7 AR Bk % F R (mm)

(a) 1 MBS EE (mm)

i8
-4
2
i
0

B0 80 100 110 120 1w S S ) 120 130

A1 1951~2004 E2F 1 B (Z5) M7 A (H5) FEFHEEREK (), BEBK (b) M3 HHE (0
VIR B fEKEER (d) /4 E
Fig. 1 Monthly mean correction (mm) for (a) trace, (b) wetting loss, (c) wind-induced errors, and (d) total correction
in January (left) and July (right) over China during 1951-2004

KIBEH A E 1 A7 B A4 $17E 0.05~ 6.46 mm F1 0.59~725 mm = 6, £E&H
FEHBERERAE 1736 mm2ZA, | FAFHXEREKX, M7 ANE_EHX, 7
X — /DT 2 mm, XEERETHREKBE, sihHRBEEKAMNRZRTERN
FR, EEPRTEMEREBEEKE, 1 ASEREKES S H%ETE 0~263mm
ZHE, HPREXHEIHEX 1 AN ME /DT 05 mm, BEXK FEELRAEEEBKX
7 A BB KA 0.2~103.9 mm i), FEIb#X ML E/NTF S mm, ©E& A3 %
BYVPHE20~ 144 mm 26, HFRERK, BEUES L, 1 A7 HEREK
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18 WA %, b EREKOR MR 2 0t RO B E 7

15 1IE & 4 5 7€ 0.18~32.44 mm 1 1.68~110.5 mm Z[AI A4k, FEZFHIHKIFE M, EH
RE KB IE S A BIR M A A Lo, £@R&H BB ERK-FHETHTE 4.1~18.4 mm
ZE, HPREEK, MEAERD (F]D),

HTFHRAKBEERRERBREMEGER, HRAIRMINPRVHESEKBEXE, X
WWRAITEXBERY (CF), HBERSZAMMEZL, AEanofiRs, RUEEREK
XA/, MER BB ZAXETHABE (E2),

ME 1 HEd, RigR7TAER 1A, BERKBEREMEMFEILARHEL, 1
AXTFHAZELZKTA, | H2EFHREREKBIERBEWLT 0~193%, ALK EIE

F @1 AMERAET R (%)

7 AHEBRAKBERY (%)

v
b
)
(-]

® ()1 HEEREBERY %)

P @1 ARBERS %)

® w0 100 110 0 1o 8 % 100 110 ' 10

Bl 2 1951~2004 64 E 1 B (ZF) M7 A (B3) PEFHHERBEK (), BEH% (b) W
BARK (¢) MR BB KETER (d) BERE (CH oHH
Fig. 2 Contour maps of monthly mean correction factor (CF, %) for (a) trace, (b) wetting loss, (¢) wind-induced
errors, and (d) total correction in January (left) and July (tight) over China during 1951-2004
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®2 2EAFRX, BAREHMG S ERIBGERY

Tab. 2 The mean, maximum and minimum of annual mean correction amount and correction factor over China

BER (mm) BERM (%
MEREAK RERE  HRA BBIE O MERAK  EER%  BAE%E RBE
BsA 10.8 78.8 6772 7354 36.4 26.9 31.5 71.7
B 14 3.1 1.3 8.1 0.0 1.0 0.8 5.0
Sy 4.8 30.5 89.2 124.5 1.1 5.2 11.1 18.4

5,

L FERBEASERY 00

® () EEHMERAETE (mm)

© (b)FFHBNHR A EER (mm)
...

45 o ’
-
5
0
25
20
(@) FEHBBER (mm)
50
. R

45 e

L ER,
0

Ky

35- N

o P
0 L
25- T
w0

80 20

B3 1951~2004 FF & RAEF M BREK (a), MIBHRK (b) M IR% () LM MKIEER d) (Z25)])
EHREEK (CF) (B3 %A
Fig. 3 Contour maps of annual mean corrections (left, mm) and their correction factors (right, %) for (a) trace precipitation,
(b) wetting loss, (c) wind-induced errors, and (d) total over China during 1951-2004
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MARAE S, R ERK IR 2 a0 R H B I 9

AEEEKRT 50%, WMo
BEWBEREREIL 170%),
MABHIX 1 B/NTF 5%,
7THM 1 BRAeEYYMERE
K#EERET AT
0~155%, REAH KT
HE/NF 1%, X —
MAKT 5%, TEERHT
B KBERARGE D,
FEAE AKX LA K,
T F K B R ) i 2 R
K, GREBERBEFA
Bom e XK AL AR,
FEMNERTE#HK, &£
TRk B A BT B
KEER, 2EH&HEYY
B MK IE BB ILE
2%~25%2 [d]

T HBEB RBIER
BAEAEUMBEKEE
FEMEL, £F—HK
FTRZE, 1 A£E¥YSEE
MERBERKTAE 3%
~21%Z 18, H ki
X — KT 100%, iM%
WX —RE/NT 20%, 7T HE
EEWBHHEBERYK
AL FE 0.3%~62% 2 [ |
He @it X A KTF
5%, MAREHX—BNT
3%, &E& A FEHEEMR
RBIERBEITE 5%~55%
ZIE, BEEE, BR—ik
W R HX AN B R e
ERB—BKTHERKE
ER¥,

HMAOMKBIEREHN
G A SR, XF
EBRRTRESHB S,

55

(a) FEHWRE (O

50

45

40

35

30

25

20

(b) B H #ﬁamﬁ (m/s)

110 130

,,,,,,8,0 . 90 ;

100 120

B4 1951~2004 £ EEPHKE@Q) | BEK B FHRE (D)
P HHET R (c)
Fig. 4 Contour maps of (a) mean annual temperature (°C), (b) mean daily wind
speed for precipitation days, and (¢) mean snow percentage (%) over China
during 1951-2004

FEZRESLANEN, EFERERA—THEX, H—-SEXEPEILE, 281 H
M7 A ARG ERBTIIE 0.3%~39%F 1%~29%= A, £EH%&H 45 HEE
EBBTE 9.8%~14.5%, HFLFKFHEE,

BEFERHEAL1IARRTA, BELHAELNERBRELS, TEXERTRESE
(E 2), 1 ABEERBEMANT 6%~400%, V5t X KF 200%, MEEHX DT 40%,
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10 o & R 62 %
BT E LT 4%

12?05’ {ZI'EH §§I fi {Fﬁﬁjt i ® (a) 19512004 5L P15 K B (mm)

K —fgk T 20%, REHKH .

WXHNT 20%, 2EEA S w

THEBERRTEMAE21% o -

~92%, w 0o

32 EI‘&ZK{'%IE%% . P P i

FERKEEERHEERA ¥
EKBEZM, A3HLE
EMEREKEIE, BRERARX,
BHAMKURBBEREME
ERBH M, REAER?2
B THA GHFETHE
EHERMBERBLULEL &
W, &EREWH, 2BET
HWMERERKEBIERN 48
mm, 7% {8 B % 1.4~108 %
mm Z &, HPHELE 400 E
HEHAERERKETEEDN
F 4mm, T £ EE B E 8K
# 30.5 mm (3.1~78.8 mm),
HCAR T S b X R R i TR D
WX E—MMEEK, KA
7E 35N Limg iR Ak 2 3
it 25 mm, 371K RFEK o
WMREREBERMRE, F 40
ML BT 1.3~677.2 mm
Z A, V¥ 89.2 mm, 30‘
MM ARE AR m, £
EREAKEMNEM, UL
ZHHER AR 2ESEF 20
¥ AREKEIER 1245 mm, 1 & © 0 o = 0
4L fE 8.1~735.4 mm 2 [A]

H A TG4 X — /b T 50 5 4E 1951~2004 £35EM (a), BIE (b) BYEE P B AR

E& (c) H4HE

mm, i A e A Rj —BRTF Fig. 5 Contour maps of coﬁcte;ﬁarfd)meajired mean annual precipitation
100 mm, FEZHHH KN over China during 1951-2004
W, RRREEKEBESSN
K B2 T BT, MEREK RIREH K EERETREKH$, MEREKMEE
LB ERB BN GFERKIHAERMEML, HEIRAEEDY, £EETHME
KB ERBEMLT0~364%, MILHMXBERBBEBHERT 2%, MEBHHBX 1 AMT
1%, 2EFVFHBERKBEERLEMLE 1%~269%2 1, HPBHLHX-BKXT
10%, WiAH—BDT 4%,

S N BERBNIRE TSN (K4 TLUERR, EFHRKBIERTHN

55

20

Grfi EEBOR T REFZ WA, AMZWESLANER, EERAEA—ITHREX, 5
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184 A S E KRR 2= R BB E 11

—BHEXEFELE, 2EESHBRBIERBTLE 0.8%~31.5%ZH, F 11.1%,

BBEERAELMABBREBL, TENT 5%~71%, FHik 18.4%, Kt
R AkTF 30%, BRHENT 20%, X—BIERKEHTL2RH 11%ELGNFRBERES,

BEE, BAKBERBNSANASHNBERESH -8, FEHZIEERK
MSBEREKOERE, RHAHBERBE IENRKRMNRZRE, miBEHRRMHERE
KTEEMUREENRER, A TZAFTEETEMRXLAEW, BERKRZGH M
WX, ndb 2 kR g 16 AL R A AR R R AR M I MR B, E—
SER BT A K FER (EBERAILMIX), FBEREFEE 250%, ZFETHEBEIE
60%LL £, MBI G RA — b X g ZBE2 P

BB FHBESER, 2 REBEVFHFEREKIRE, FH5LWA4 MK mE T (E
5), YA FEKAEILTE 14~2800 mm Z [B], 118 1EJ5 i 7 5 48 fE K B 2 L 4E 25~3100 mm
ZE, SHEERM, REBRERENESEME KIS MEAE KAk, B8 IERSEFH#EK
500 mm L EA F5EMPEK 400 mm & —F, XFEW AR R KK
WHRHMR/AN, EVLEEUBRTIRSIREBRHEML,

4 /NEHVHE

£ 1980s & & K 70 el T R BE K IR ZEMNLR se 45 B2 b, KERE 726 MK
%k 1951~2004 FFZ H MM BT R, WS, MokR, WEARR | X, $HxfREmiE
R, MEKkRhhEk, HEERKURBNRAREITRENBIE, DMEESEES
MK RFIFEKER, AXBZELBMKBEALRAKCEMRBHREMBER, SRE
BT 1980 sE UGB = MK K BIYT R (FRE) IR B FEKRE  BESREEH, X2
WX XEERS RS AL REENRERR, (874ERKE D>/ X 18 E 68
KM kR EEEMEH, 28 726 M8 SFEFHEKIEERTE 8~740 mm Z[H,
SEEZ 125 mm, AERE B9 IE B 1E 6%~62%, V4 18%, HF4E LB KEIETE
1.4~10.8 mm Z /8], ¥ 4.8 mm, # 1.1% (0.0~36%), {Ei#F# % & FH&H 30.5 mm, &
£ 5 3~78 mm Z[8, % 5.2% (1.0~26.9%), 31 K FE 1.3~677 mm Z[E], ¥ 89 mm,
29 11% (0.8%~31.5%).,

HRHE 1951~2004 E¥E kL, FEMEKAIZI A% MEBERKURBIEGR LB EM L,
BHeE 726 M KR EHWBERN T 8~740 mm Z 8, FHK 125 mm, BERALT
5%~72%, VEMBIE#E 18%, Fof, i FHXIRERMERES, FRZE/MEIERR
FRKNES, ARFEERENR, AXHRIEE T L RTE 28 AR 7 i 5 A 00 45 5%
SERRBAETEXBRLTREELEEK, B THEKBERANEEREGELXY
REACKRIL, WRESAH —HRE XEMRSEHHE—L WK ML T,
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A Bias—corrected Precipitation Climatology for China

YE Baisheng!, YANG Daqing’, DING Yongjian!, HAN Tianding'
(1. Cold & Arid Regions Environmental and Engineering Research Institute, CAS, Lanzhon 730000, China;
2. Water and Environment Research Center, University of Alaska Fairbanks, Fairbanks, AK99775, USA)

Abstract: This paper presents the results of bias corrections of Chinese standard precipitation
gauge (CSPG) measurements for wind-induced undercatch, trace amount of precipitation and
wetting loss. Long-term daily data of precipitation, temperature, and wind speed during
1951-2004 at 726 meteorological stations in China were used for this analysis. It is found that
wind-induced gauge undercatch is the greatest error in most regions, and wetting loss and
trace amount of precipitation are important in the low precipitation regions in Northwest
China. Monthly correction factors (corrected/measured precipitation) differ by location and by
type of precipitation. Considerable inter-annual variation of the corrections exists in China due
to the fluctuations of wind speed and frequency of precipitation. More importantly, annual
precipitation has been increased by 8 to 740 mm with an overall mean of 125 mm at the 726
stations over China due to the bias corrections for the study period. This corresponds to 5%
-72% increases (overall mean of 18% at the 726 stations over China) in gauge-measured
yearly total precipitation over China. This important finding clearly suggests that annual
precipitation in China is much higher than previously reported. The results of this study will
be useful to hydrological and climatic studies in China.

Key words: precipitation; bias-correction; China
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