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Characteristics of Northwest China Rainfall Intensity in Recent 50 Years
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Abstract Northwest China is being wetter recently, and the precipitation shows different trend in the eastern and
western regions. The latest daily rainfall data, which is provide by the Chinese Meteorological Administration Data
Center, are used to analyze characteristics of the rainfall amount, rainfall days and rain intensity. In recent 50 years in
Northwest China, the total rainfall is mainly contributed by the stronger rain, which contributes 75% rainfall in 5% rainfall
days; the rainfall trend is greatly different in different regions, in eastern Northwest China, the rainfall has been in decrease
trend, however, in the western region, it has been in increase trend. The rainfall in weak intensity decreases, but the in-
tensity increases. The rainfall in stronger intensity increases, and the intensity also increases except the intensity of the ex-
treme rain storm. For all seasons, the rainfall days play an important role in contributing the rainfall amount.

Key words Northwest China, classification of rainfall, variability of rain intensity

2= 8. PO ORI A A
= FEE . WRAREE RN ST, SURZHE,
Fo [ PICHOLS B F U Bl B 9 MER S0 EEASER BT AW, MoK R R, 3

Wi B 2008-06-17, 2008 -11- 13 I &R

RYPWMB EEARRFEESEHHE 40225013

EEE T BRAA, L. 1982 A, TEEOME A . FEMAFVEIL T8 X AUBFHE/ T . E-mail: chendd. bnu@gmail. com
* WIHAEE E-mail: yongjiudai@bnu. edu. cn



P 33 %

924 Chinese Journal of Atmospheric Sciences

Vol. 33

JUAAER dbp sk 2 R0 B Bk 5 B TR
XFP G BRI TR TOKAEER, S 8ZE % m
KA, E2RIEERNESR T, REWN
JeHh X B KRR & AR T AR k.

HF7E 1951 45 i A 567G A b DX 4 7K 8 XL
TORHLRCELZ . L, T A AF Y b b X AR A T
D, BE G TRER, X IR P b X R K
MR R 2 . P ZHFFE R Te P LR K s,
YRR, HPGUAR . PEARARAE L, HSMSE (1995)
X E PGER 68 Nl 30 AFEAERFE/K AT 4 . Pk
Bk X 22 S5 K. ARARZEAE (2003) ) FH il &2
2000 A H BTG W0 35 15 92 RHFT NCEP 143 B %
B XA LR ARG S TR AL . B
ELE R [ PG XA 4 R R T 1) R
TRIAAL s X —FE AR TE U AL PG 50 AL 45 B . WPk
JEE PG . AR 111 DX 7 96 350 0 b X R B o B
T PG G AR F R4 U B A T v s (R B o 2 1
e RIERS (2003) g, P PEHER A PE K
5 M) DX 3 RIS 43 2 XU i) i DX o8 7K St 39 i 3
PEALARIRA RN X, R R . FF
BUERKZERE KA I B . WAEARSE (2003)
R A X ok R R AR U/ Al sk o B, 25 SR R BT P AL K
BRI R R A A o B, 7Y
B T Y ] o @ S A T NG = S 2 D )
AL

PG X B R AR E . ERRE
(1997) #8 H Pa AL ICHB733th X DU 2 /K B T34
6 A il B3, K (1999) F5 s
P K 38 22 o 2 (R ML DX T L AT R K AR i et 22 1)
YO Bl R A X R AR b AT BB S 5 R K S A
Ko XFREARPERIRAI, KRG (2003) §5
e B 20 28 80 ARARHI K . PH At b DX 3G 1 R FE B
& TFaEYHKF, XA (2003) di4g .
20 fH42 80 AEAFN 90 AR A2 3k v iy 05 3 KBt g K
1573 b DX A 7K et B S, o G A DX A K S
MY, RIEHL (2003) FFFEEM 20 4 80
AEARPYIL PY BB KB S 2, Bk 2 R BAELE
&, FENIGE (20000 $5H, PEILHLIX K LE 20 fiE
20 60 AP Z W, 70 AR A K DTN . BG TR
80 AEARZ MM 90 4R . X IAAEDE pe AR P
WG R I 3, R JLRE R A 3 X

X PGB IX AR BT 38 o 2, A

RZ IR K R AT AR, (A LAIF I 2 B
MK R IEFE. RS (2005) KPR AL RREK 2>
FAGREE AT . S5 R K 3 B R
KA, I HAERZHGREERE K, BEK AR
b FZERE KR E AT . TPt T2k
FRHIX, BRI RR D, 5 A 1 LKA % 5 A 7K
AR ST RE RIS . B, R R
FER B (B PG AU K ST LSS B K 3
F. I, G HAE VI K B R 5
KR BRI AL s X TR T R I A R
BRI /K 9 LA 2 3

ASCEAETHSIE Rk IR 5 R, 3
E PGICAS[RI L IX L A7) 58 BE B 7K R AR AR RRAIE . AR ST
SEA o S NS PG AL T o0 X, FEAR G s H
R K MR X [ R R A T BE R 43 . X o B 2
BT iZMIX H B OKRE . B —ESHME.
Jei s M RERTHE T AN )3 B 4 K A K B BRI 7K
588 J3E X B K R S T
2 ARSI

ASCHT FBERE B EA L RS B O IR A
PUALHL DX Hb 7 H AT RME . FEORIBT B 1951~
2005 4%, o5k T AL RSN AR X 224 55
RHMEE . ASCEZE 110°E RAPG AR LEFAE .

PRI R ORI 2 . BRI T T
FAERITRGE . (D HIBRI R AR MIC R CnpE KA
FE) 5 (2) Frgeitul SR AT 30 4
(3) PrGE it iy ke ) sy o5 50AS e ok s 8 B8 173,
Fe I 1958 ~2005 4 186 ANk B8Rk 1 18 7
Jb st X AN [R]85 R K R A8 Ak

ARG Z SRR, X B 51
T R K R AN AR

x; —x; < 4o s

H, 2 (=1, 2, ..., 12; j=1, 2, ..., 48) K
55 7 AEER HIE A REKE, 2 e S 1958~2003
AT H BERN R AESRE ¢ H3E Ty 25, il i ]
R /KB 512 0 -2 R RN B A 25 KT DA Oy 22, IlA
XSG EE 7 AR5 0 A1 HFEKGORE IR KM
W S A P M e % . BB DUAS 25 % T L
R SR R AE s A 290 RH AT 380 E
S A S ER KR e M . IR — 2
A,



54 WRA ARl T AR P I 3t DX ek 5 2 A AL RPAIE

No. 5

CHEN Dongdong et al. Characteristics of Northwest China Rainfall Intensity in Recent 50 Years 925

2.1 PEKEERRIS

F A R 7K ok B Ay bR ME R 1 R
(Zhang et al, 1992) . X FREIK 73 GO AIFFE T8 1 K
ORI PR RFAE P24 [ AN [] DX 31 i /K i B L
AR ABXS TR D A PE AL i X R U, Xl AR
A B AR 5330 FEOR R B T AR . I H T &4
Gy AR 25 R K I 28 R AR, S REHERR
S WEPG AL AR

Bonsal et al. (2001) BT FEMN IR ER
HEATSRE 3 G Ml dE R IEDN IR ERA n A
B, BrixX n MEFETHFHE) X0 Xow oes X0 oee,
Xoo AP TEET X, MR P .

P=Gn—0.31)/(n+0.38),

A, m N X, BF5 . Bonsal 28 (2001) 8 HiZ
AGTHR A 23 DL A FER 51 3 A AT AR AT AR
BeS} (2005) B8 FIZTT 0 PU AL X H oK i ik
TTHREE 9, FFHe & B K BRHIE . ¥ixik S
PARE /K A5 4300 500 A (RIS K 7 51 1920 %

x1 HEFERAEKRES RIRE

Table 1 The China standard on the classification of rainfall

intensity
24 h oK i /mm FR
<0.1 T
0.1~10 VNG
10~25 i
25~50 KT
50~100 b
100~200 KT
=200 FER B
Normal probability plot
@ |’
!
0.99 ’ et
0.98
0.90 /
£ 075 7
g 0.50
& 025
0.10
0.05
0.02
0.01
0.003
0.001
0 10 20 30 40 50

Daily rainfall/mm

40%6 6026 80 Y043 W R /IN R BIAED 1) 43 %
TrEEATXT R s 2 BRI BT A5 R K i K1) 4 1
HAZIFAK, Ftk. BheFE (2005) % P56 X
H R K St 38 BE 20208 55 DASE B 400 A (P o
I REE R LB,

PYLRE K I 25 57, 43 (5 80K %o o8 T e
PEAT R4y ABEGRAS TR M X PR RN 1 22 57, LU
P A 0] B 5 YRR E . B3 R
XI5y I E IS TS e s, BT R IX
K FEEH R AR/ N SR K S, H BRI E
Y5t Gl 1 i), RISk e —E
izz.

ASCR AR P AL sk B B H KRR 1 1A
G H KR AR AR G BRI A i . P
At 186 A3 H B K BE 343 A Al 2500 (I 53X
BRI L PR A B RS (43, 47°N, 87. 37°E)
FIPGILARFR A PEZE (108, 56°N, 34, 18°E) W/ i i
VAT UL

1 N B R S5 RV 22 Wil s 1) H K AR
L B R A bR S A P REAS . BITE 1958 ~2005 48
FREEiH H B K S, HFEKE CBRAZ: mm) M
INEIRIAH TFHES s DAL bR R REA 5, B I
W T 24 0 A A AL B T 7S B K B B A S BT A Rk
HOFM LB 7 FORBEAK R A, RS
e H BEK 5 — DU 43 5505 5 = U 436 i) 1) 3%
2. IR B — N IES R EEAS, I AREA
BRE N B, BRI

G 5 3l H R K R AW LAE ) PEdeHs X
R K LN R 32 K2 85 Y6 /K =1 iy i e A/ s L

Normal probability plot

(b) !

4%
A -
005 H—/ LA~
0.90 7
£ 075 /
_'g 0.50
& 025
0.10
05
0.02
0.0T
0.003
0.001
0 20 40 60 80 100

Daily rainfall/mm

E 1 (a) BEAKRFFHM (b) V% HFRKRHERE
Fig. 1 Probability graphs of daily rainfall in (a) Uriimgi and (b) Xi’an



P 33 %

926 Chinese Journal of Atmospheric Sciences

Vol. 33

PSR . SRR BAR K AR R /IME R
I HRFK Z AEAE B oK 225 57 . XS %
H R AR I B RE AR 23 (6 R AR A 7 B RS AL
& X R A A RO X8 58 B K 23 B PV
B BCTE . dJm s HEURIEA -

Ri << Rysu SRR IK
Ros << R; << Rsoy LIEE] I
Rsoy <<R; << Rusy HhEERE K
Risyy <R << Rgs BRI
R << R; << Rosy; CHE
R; > Rysy P A 7K

H, RFIR— KK AT B K By Rasy 3R
B HBEKSE 25 1 o3 50 BT X LAY B K
Reon FR G ol HIFEKER 50 1 3 R0 LAY Fa 7K i
HR LA EHE

DA TR R, L 4R R PG L 2R
POHRKE KBRS . HAS IR 2275 52 AN Ta] ) A2 fl e
fiE o SATEAE R U b b X B K R AR, 33X B ) 1
X 2 Z N THE

XHESHPGL 187 ANl uh 1958 ~2005 4F [k
RS (B 2) R T KR, A
(58] 2 BT U400 sl B K R s 5200 150 R B K
s/ BT AR OR SR K AR e A R 2 (L
BB o T PEALAR . PR 2EH K, X B
SR FAE RS S A A 00 3t R A ) 224k, BRIV ol 4+
AEIG AR T 2 - B R R

M 2 ATLUE 35 AR R P b b IX A D)
100°E 282k g S A< 8 I 7K i 2 1 G 8 g 7K 48
JG SO ZR VU E A A A biE . TERE TRy 187 4>

® k<-5%

* 5%<k<-2%

e e 2%<k<0
o 0<k<2%

o 2%<k<5%

O k>5%

70E 55
PE80F g3

Pl 2 Vbt DI A7 B K s AR A 3 ke (A4 (10 a) 1]

Fig. 2 Precipitation trends (k) at the Northwest China sta-

tions. Units; (10 a) !

PEAGIG b PR 78 A, A 109 4,
2.2 Bk BEABEGEEN BKERRNESITE

Karl et al. (1998) ¥ 45, wad it B FEKFE:
(PR K R Cpo) FIREK H B SE (b, 7]
DAAS 2 K H 8RR i B K B 1 R 4 o
HEAX N

be = p(bp) s
DNV K 5 B AR b 5 S 1Y) R B A3 0 by AT Bl RROK BB
PE K B ARG R K SR 2 2155,

by = b—b..

Pt (2005) B FHZ 73k %o 76 b i X R /K o
ARACHEA TSI s FFAS A K 5 AR A X P L i (X
Rk DR K. WS A e FH 1954 ~ 2003
A 120 ASPYAGIE BEkE, 9L 99°E Sy FEXT P AL AR
PUFSHET T X143

ASCARAL 5 B F; (2005) 78 396 Fi A9 %8k} A
AR PR A 2R S, T ANEE R K A R 1 R
FWABKAFE. BimEE B, R (2005) 7R
BF5E 6 3 T Bonsal et al. (2001) @26, X
PR o0 25 5 5 8 00 S R A B R H A . AR
JE RN P ALK i B AR K AL R A o, . FE T
sl H KRR I, IR T X5 B KRR 4026 i
£ S SN S I S N I S & VAN 93 D O]
J0IE A A ZETT R ACR LT TR

3 ERE5HH

3.1 AEERERIMEK S ZEKEHIEES]

e TR R IX FEKERAE , 7681 e 5 AE Ak
s FRATT B 2675 AN [R) i B A /K 1) e Btk - (T
3. GEREH, PAERREE L ERK BRI, 5
Rk . MmO 78 BFEK H 805 %6 iy it a) iy i =
A B R K R K 75 %0, Hodh, SRERAK H g
dEREK BB 200, oK B K G 2800, TR
SRR K H B BBk H R 126, BR/K RHIE B
R 315, PHALZR . PURBASAI58 B A Rk H 8
TR RG] (IR 57504 KA, X s T3
B P b X R K ZE R B] B3 o A b, e ud B XS L
REE 7K 3t B il i R b 34
3.2 ARERESREKNE S SIFE

R 2. 1205k, Bt TEdEAR ., v
TN )58 B2 A B /K (A 38 0. 7R 55 B 7K 5. 8 mm,
kK 24 mm, HAEREK 78, 8 mm, K



54 WRA ARl T AR P I 3t DX ek 5 2 A AL RPAIE

No. 5

CHEN Dongdong et al. Characteristics of Northwest China Rainfall Intensity in Recent 50 Years 927

1%
B 6%

ik 31%
2% 8%

B 16%

. 0 28%

R 2%
e 295 @R 1%

TaFEK HE 78%

(b)

B3 RIRSE SRR K (a) FRAKER (b) Mok B ELL

Fig. 3 Proportion of different rain types for (a) rainfall amount and (b) rainfall days
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Fig. 4 Time series of rainfall amount for the six rain types in (a) eastern and (b) western Northwest China

% OBE PE B\ OW| R 5 BE PE B W R
5 () PIEARRESFRAFR B ES (b) PYILARTYARA [R5 B SR Aok 2 LB

Fig. 5 Precipitation trends for the six rain types in (a) Northwest China and (b) its western and eastern parts
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Fig. 9 Rain days trends for the six rain types in (a) Northwest China and (b) its western and eastern parts
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Fig. 13 Rain intensity trends for the six rain types in (a) Northwest China and (b) its western and eastern parts



54 WRA ARl T AR P I 3t DX ek 5 2 A AL RPAIE

No. 5 CHEN Dongdong et al. Characteristics of Northwest China Rainfall Intensity in Recent 50 Years 933
25 — 3%
_ I 5 I 55
_ [ K& | &
_ 20 [ = 2% B R
o O &k = [ &5
=) 5% =1 ] =&
£ 15 [ b 2 1% ) B
Z | I 2
E 20 M m £ 0
£ E
<
~ | .g
5 7l M I & —1%
0 —2%

HZ H2E  HK=F £
B 14 PUZAS R K iR

Fig. 14 Rain intensities for the six rain types in the four

seasons

10%
‘@ #%F ]
8%
S 6%
= ]
S 4% —
£ |
R - [
E
E
] 0
& - r
—2% ] 75
% [ R
- 0
¥ OBy PE BR R R
10%
’ (c) &=
=
(=)
< 0
=
g
5 —5%
E
<
[
—10% —=
] 76
5% [ R
- 0

% OB PE OBRR W R

£ 2E  ¥ZF 4£F
B15 PUZRA5 G K s B AR fh R 3
Fig. 15 Secular trends of rain intensities for the six rain types

in the four seasons

6%
(b) HZF —
4%
s 2% =
f‘g —2%
(o4
_400
& T mw
o — ERS
O B RN BB W R
20%
0% d) &=
15%
=
<o
Z 10%
E
= swl— ’7I
£
<
[
0
1V
o — ERS

% OB PE R | R

P16 PUZEPHALAR . P A ) 5 B2 AR K AR A A Al s

Fig. 16 Rainfall trends for the six rain types in Northwest China
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