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Fig. 1 Spatial distribution of 136 meteorological

stations in the east of Northwest China
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Fig. 2

Interannual variability of frequency (A), days and the number of regional process (B)of the short-time

heavy rainfall from April to October in the east of Northwest China from 2001 to 2011
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Fig. 3 Monthly variability of frequency (A), days and the number of regional process (B) of the short-time
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Fig. 4 Daily variation of the normalized short-time

heavy rainfall in the east of Northwest China
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the east of Northwest China
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Fig. 6 Spatial distribution of times (A) and mean precipitation (B) of the short-time
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2.3 IR

HT T DY I DR R P Bl 3R 5 K TP
2% N T IR A T AUBRRHIE AR X I 2 445
JBE R IR LA B TR 45 5 R I iR AR K A AR L e /K
5iR EE SRR R K DU LM X AR R 0 o X BE VD BE X
3 2 AR L X L B g S X R DA X 4 AU
X(E D,

SCBE S DX« A ] P A JE AR 3 B A AR D LA
S B AN T R PG AL RS . Jbidn o Y, ST
AR AL T LA X 2 T2 0 K 1 KA
S 5 RITTI By VU i XS A 5 e /K e D ) ML IX

T R AU I AL H R4 4 5 74 T R 3 L i
SN H BN PR i va AR . BN A BB R
BT JE FE ML O o 9 A 18 T LM A 1 ) R A K
AT I LA ] AEAKIRBE B AS A2 & BT LU X S B
BRI R BRI Z B K AR R

38°NA

36°N-

34°N

104°F 106°E 108°F
V RESGEX g EREEALX e HEREKX A FBIRX

Bl 7 136 ANGRG A SR X 53 A
Fig. 7 Spatial distribution of the 136 meteorological

stations in each climate subregion



414 h

P 4 38 %

B A IRIX A G H R A K T R AR
BEpg s, SR A S B L AR RIS R 08 A 5
LIRS SR KR 5 22  HERFE K IR, BARETE
Jry R by B L A A i N S

ZEU LA X« A 45 TR B me e 0 R B 7 R
Be WA Z2 08, KR by b3 FE -3 S AR
VEIFIRE DX, AR VAR 70 1 o A P AL X AR R F K
2 HHL T SR B A B R K REAR K, 204 1L ik
X 2R 0 2 XA WY S ) o B A D S0 R 4 4k
SRR ST T 5 VT S B VL DUV A3
TKI

PEALHE X AR 20012011 4E 452 9507k 4 I
SREEK (R 1) Hrp R BE SRR R K 158 WK, 4 F-
Y4005 W/l s 5 e IR AR AU IX R B K 120 I, 4R
P14 W/l B A R IR K T 654 9K 4T3
1.9 K/l s Z20 LA P X5 B 7K 1 0183, 4R F- 34 5. 1
W/ 3l SOBETE X 5 K H %k 82 d, AR R Ny
3. 500 5 T SR AR AL X SR B K 90 d AR AR Oy
3.8%0: % + SR IX 5 B UK 397 d, R ME R N
16. 9% Z5 4 LU RS X 5 f K 317 d, KA HE R N
13.5%, RBEFEUEIX X dol 5 b K d AR A0 18 Uk i
R R RRE 6. 020 5 15 K i JA AR b DX 5 g /K ok
B9 W IR K R A 3. 0005 R R X R
IKITFRE 148 UK, s B K B BRI 49. 706 2
LR X5 B K i R0 123 WK, s R K St R B
41. 3%,

x1 &S®ZITKX 2001—2011 FER R KFEITER
Table 1 Statistical results of the short-time heavy rainfall

in each climate subregion in 2001—2011

- XEE O FHEGRE WL I

TR IX ZRAEIX R IX IR X
LI 5 5 30 8 80 18
SRR K AR 158 120 1654 1018
SR H 4L 82 90 397 317
X 3ol e K Aot AL 18 9 148 123

VYA b X AR FB 4 B 5 B 7K PCD 530 55 K, 1
FE 0.7 DAL, Hoh SEBEFEWE X 1) PCD F-¥{E ik 5
0. 9(F 2) , FWH 121 [X J Bisf 5 R /K & A sk ] L B 4
o, DASGBETEWE X O de» 5 4 3 JR X IR 2, B IA DU R
DAt A ¥ 5) . AT D22 [X S st 3 R K 4 PN O A
B B) o3 Af A 23 (8] _E i AR [ PR b ol e b . AR
PRASAL L P R F 2 X3k PCD 4 FR7AE {6 A B

T R R AR L X MR IA LIRS X PCD 536 Hn
A T T R SR AR L X 4 i e 2 R S I
X 20012011 4F- %5 B 5% F 7K 1) & A= 5 8] 53 A AN 3
AYPEROR A 5, %2 A i fR) ok R e v 5 e JRLIX
PCD S8/ . 28 B2V X T 45 Sk J B 55 B 7K A
O3NS PEAT TR ES s RBETEBE X PCD 4% PR
FEREHASHA i (& )

PG X A3 e B 5 B 7k PCP 32 B2 7E 200°—
220°, WA s e K B TR N BT O ARAE A A B
KEEFEBEIX -1 PCP fe/v, 2 208.5° (3% 2), KM
T2 DX 358 o R AR A A D A v R A T B T i L 7
T B XU 22 ¥ A e DX e sf i g 7K 4 v e A 1) s
B fpe M . AT UL s PG b Hb X AR 35 6 B 5 [ 7K PCP 7
2 E AR TGRSR . R E, &K
B e D DX TR R e AR b DX R 5 R K
PCP B s, Hip DIt + & i X PCP 4K
Sdpe R A 5, 7 B R ) R A K AR v ke A 1 B (] 2 4
IR T X BE T X R Z3 04 LU g X PCP 22 Ji /)N
A, R B X R ) i 8 K B v ke A 1 e ] S
A3 (LR SR UL B ¥ 4 v R IX A, P b b X AR
# PCP WA bRt I A B 2 (&1 8)

eAb, 2002 4F 85 A X 8 4 B 3 [ K PCD Al
PCP # B BAR T F-4E . 32 B 47 i) i K 1 4R
Hp HH BIASE [)AH  J sf 5  7K J A s ) 4 PN 43
A7t Fe A4 AT o A K AN A KR T I B £ T
HAAESY X 5 2002 4 SRk & B B 2 F H AL
LR

3 i

Vb b DX AR S et P i e K 7 LA B S8 ) )
o JE ISR R K H RO PR A2 A AN R H Xl ) J
P 5 A K o R £ B S A s i i RO R R
e T A EAIEN 8 R A S iR K B LAY
HAZAE 5 AR, A7 7 3 4> A 8 AEL 43531 24 0700,
18:00F122:00,

Vb b DX AR P L P i g /K SRV ) 2 [ 53 A1 5
Moo A HOR— B AR R ) PY AL B e . AR
TR » I I I 5 B KA 1) 1L VK B 3 46 v Y
B, SR R R A (L IX 22 T B AR PR A T Y
U A XIS R . 28 WS Bk T Xt <O B i
BT .

PHAL DX AR AR A I 9 g K PCD 7E28 8] E i R
P 1) PY GO B r, DL BE S P58 X R d » 0 e
IR Z . Zile LI X AR £ 44 %) . PCPAEZS 6] E



G5 - H [ P b D7 P R I i 7 e 2 R 415

10 p 360
08 _SVW 300
Q 06 M
g S o180 | N ¢
04 | &~
120 |
02 k 60
o i A X 15
0.0 1 1 1 1 1 1 1 1 1 1 ) 0 1 1 1 1 1 1 1 1 I 2 )
2001 2003 2005 2007 2009 2011 2001 2003 2005 2007 2009 2011
o iy
10 360
08 >3 q v v 300 P
06 C A
s T S [T
@) o 180 F
S oo} =
120 F
02 F . pag ey 60 bk T
REETERLX BEFTIR X
0.0 L 'l Il il Il A L Il Il L ) 0 Il A A Il L Il Il Il L Il )
2001 2003 2005 2007 2009 2011 2001 2003 2005 2007 2009 2011
A i
10r 360
08 _\ Av A\/Av‘. 300 F
§ / o 2140 |
o 06F N
£ S w | N v s
o4 r 120 |
2r HRE R ILX o | I
Flcdabords o e SR AR AL X
040 ' L L L ' L Il L L L ) 0 I 2 I I I I I Il Il [l )
2001 2003 2005 2007 2009 2011 2001 2003 2005 2007 2009 2011
&y o
10 p 360
08 k — N 7‘v&. 300
o 20 f
8 06 | E 0 W
< I i
04 | &
120
02 L . & F L
HARRX HEERX
00 2 1 1 1 1 1 1 1 1 1 ) 0 1 1 1 1 1 1 1 1 1 1 ’
2001 2003 2005 2007 2009 2011 2001 2003 2005 2007 2009 2011
Ay B
10 p 360
%-Sﬁ7f45*=:725§;"£=' T
. o 240 F
S = 180 f ~ *
N L
04 120 |
021 60 N
ZIZLIFF X - ZIZIE X
00 1 L L L L L L L L L ) 0 'l ] Il Il Il L L Il Il 'l J
2001 2003 2005 2007 2009 2011 2001 2003 2005 2007 2009 2011
b L

8 2001—2011 4F PGt Hl X AR T4 XIS BE S I X 3 7o SR AR AL X L3 - e L IX
FIZUE IR X PCD i PCP {4EFRAE L,
Fig. 8 Interannual variability of PCD and PCP from 2001 to 2011 in the total area, the Gobi Desert area,

the Northeast of Qinghai-Tibet Plateau area, the Loess plateau area and the south of Qinling area



116 i B % 38 %
%2 AR RERE X T HEREREK PCD #1 PCP
Table 2 Average of PCD and PCP of the regional short-time heavy rainfall in the east of Northwest China
28 22X 38 FBEFEHL X TR AR IX R EIX ZE LI IX
PCD 0.83 0. 90 0. 80 0. 85 0.79
PCP/(*) 214.0 208. 5 209. 8 215.6 213.2

B 75 1] P B AR HEIR 4 X dl L B 4 1 D X RN e =
R XA B [ K ) PCP 52 1 e a3, i X B s
TEIXAZRIE LI XA PCP S/,

5% Hk:

(1] ZefE55  Fhamm, At 6, 25, i i e K 00 i i 25 28 4k K
FFEFMT ] T 5 X5 .2015,32(6):1103— 1112,

(2] FEME VLR, B 55, 45, 1961—2010 4R Jr 2 1 5 X M iy
Rkt 22 A L) ], F R K WFFE . 2016.33(5) : 913—920.

(3] Rk AL, PLAE & . 5 FESE Hb DX 8 X i e 25 43 7 5 R
2EREAE AR [ ]. A%, 2011,37(2) . 181—183.

(4] FroRse, Gook AL, MkE -, 25 B v X 0 I i F4 7K R A 20 B
[J]. K% 81%.,2010,30(2) : 262—267.

(5] oy, At , i et , 5. Ao J st s b K R AIE 40 Br K% 104
3R [T]. BHE AR . 2010, 26(4) :494—500, 545.

[6] AT T rE 28 5 I 5 [ K B 2= BURRAE A3 Hr LT ). R 5 3
BR}22,2013,36(1) ;15—20.

(7] AUUEUE A7 500 i b X S i i e 7K 5 0k RS oA
AR L) ). 42,2013, 39(5) . 577 —584.

[8] TWEIF. FREIZE A5 JU5TH XA 5 R K i 23 43 A 4
FELCY/ /2011 AF58 — 4 /s B R 22 S 2 S0 gE. 2011
1—7.

[9]  BEmes, FU5 5, ZZ Rl % W A% HL U 8L A 30 4h X 1960 —
2012 AE AR AR RRAELT ). R VL, 2016, 36(2) : 474 —482.

[10] G AT/NIF. 19792012 4F v [ 75 Jb H X 243 3R Z 7K V5

[11]

SEHARAE RS T ], A E T, 2016, 36(3) : 749—759.
MR .+ ] VG bt XA A5 A A Ao 8 3 R A T ) 5%

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

mi[J]. i E VP, 2016, 36(6) : 1659 —1665.

WA A TR A S AT 3 1 PG Ll X 7K i R R AL R AR
[J7. REFRF¥.2009,33(5):923—935.

R4 A I B T AR v PG Ll X TR R K 3 78 AL R AR
JeSem R AT . KAFF#.2009,33(6) :1247—1258.

Yu R C,Xu Y P.Zhou T J. Relation between rainfall duration
and diurnal variation in the warm season precipitation over
central eastern Chinal J]. Geophysical Research Letters, 2007,
34.1.13703.

Zhang L J,Qian Y F. Annual distribution features of the year-
ly precipitation in China and their interannual variations[ ] ].
Acta Meteorologica Sinica,2003,17(2) :146—163.
MR . AR, ENSO JEER X PH bt DX Z2 A0 57 B2 0
[J7. ¥ R4, 2004, 23(6) :930—935.

ZEpR AR, TP SR R K H S ENSO BRI A
ARALBIF ST 2009, 5(6) : 336— 342.

MRET X AR BRI, 2003 4F BB K AEA L o7 X P Lt X
WK B SZ IR L) . 9¢ 52, 2004, 19(3) :62—67.

FRI P I e HE RN PG R R o R B K S
[J]. K& Rk, 2010,30(4) : 438—444.

THRRL. KRR N R E) 2 K [T, A A2, 1980,3(10):
TTA—=T77.

FRIEA S 7. v S A PGS L1 XA R R A Rl A A 2
Wr5El]. HuERl 1994, 14(1) 31— 34,

Tang M, Reiter E R. Plateau monsoons of the northern hemi-
sphere;a comparison between North American and Tibet[ ] ].

Monthly Weather Review,1984,112(4):617—620.



Fel G5 - H [ P b D7 P R I i 7 e 2 R 417

Spatio-temporal Characteristics of the Short-time Heavy
Rainfall in the East of Northwest China
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(1.Unit 94195 of PLA, Dingxi 730500, Gansu, China; 2.College of Atmospheric Sciences/Ministry of Education Key
Laboratory of Semi-Arid Climate Change, Lanzhou University, Lanzhou 730000, China; 3.State Key Laboratory of Op-
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Abstract: In this paper, the spatio-temporal distribution and climate characteristics of short-time heavy rain-
fall in the east of Northwest China is studied based on every 6h rainfall observation data of 136 meteorologi-
cal stations in the east of Northwest China from 2001 to 2011 and hourly precipitation data from 2009 to 2011
of 1674 automatic meteorological stations, by using climate statistical analysis, linear trend analysis, nor-
malized analysis, subregional of statistics analysis, precipitation concentration degree (PCD) and precipita-
tion concentration period (PCP) analysis. Results showed that the short-time heavy rainfall days interannual
change is unobvious, but the regional short-time heavy rainfall process has increased significantly; the short-
time heavy rainfall is mainly happened from early July to late August, and it has obvious diurnal variation;
the spatial distribution of the short-time heavy rainfall frequency is accordant with the topography distribu-
tion, and high frequency area is located near the windward side of summer half year circulation prevailing
southwest airflow; the PCD is more and more concentrated from southeast to northwest, and the PCP grad-
ually postponed from east to west in the space.

Key words: east of the Northwest China; short-time heavy rainfall; spatio-temporal distribution; climatic

characteristics



