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Abstract

Based on the daily precipitation of 69 meteorological stations in the arid region of northwestern
China from 1951 to 2015, the extreme precipitation threshold in summer was determined by the
percentile method, and the temporal and spatial characteristics of extreme precipitation in sum-
mer in the arid region of northwestern China was studied using the linear regression, and the
contribution of extreme precipitation to precipitation in summer was further analyzed. The re-
sults show that (1) the extreme precipitation, extreme precipitation intensity and frequency in the
arid region of northwestern China generally showed an increasing trend during 1951-2015, ex-
treme precipitation indicated significant difference of spatial distribution, and the extreme preci-
pitation and extreme precipitation intensity in summer in mountainous areas ware greater than
that in basins and plains; (2) The contribution rate of extreme precipitation to precipitation in
summer had a declined trend during 1951-2015, while after 1990s, there was an increasing trend,
moreover, the contribution rate in mountain area with more precipitation was larger than that in
the basins and plains.
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1. 5|8

FEARRARIR A 5N, Mom bRk S0 2B RIS [1] [2] [3]. Pom PR FRg ., Keas ke
i WHTETREARRE, AMUSIEREMEFiR, EEBSEL IR dG2ae4]. TEIEIL
T 5 X AR A I BUK X 22— [5], %X SR AR CSCE A RS 2 HORZAEMEE, JTHGEH 20 it
20 80 AEARLISK, P4 AL 5 DX Wi A /K ST S 1A ik FZ AN A 24 12 W B A& 3 (6] (7], sk 5l R R
FRURWAEANBINR8]. B, A Hr 3 PE AL 57 X R 2 W o B K A 22 18] 0 A I TR AR AL RFAE
L HR E ZE K R DTk, A B T AT ssox 75 18 3 XOR 2 Wi A K B A TR, 0] 2 R 1820 4
i A 7K AT e 32 B L vk oV A A A AR T AN B ) T Ty R LA Ry kB oy R R
X

ARk, AR A LR IE T AL T2 X B CRTT TR I TT. %A R AF[910T Fe R W3R FE 75 b
TR X AR KRR R HOEEE IR S, H TR R RS SRR, AR X8 nE S A
— B AEA R A 10 U AL 5 IX R B 7 vl i (AR o B K B th 2 ETHEE 3, AT A ARy ol il 22 T REEa 3,
L e bW s 2 7K R G B I S Rty R AR L X, PR Xy g, 52 B S Ak 5 B A
FEAE L Xy, DASE R ZE g U4 s, HLIr 50 AR A B /K 55 e B /K B i AR Al i 35 A Bt — 3,
BRI AAEER S EAFE AR 1961~2010 FFHI0FF X B Z 4 B /K RS B i b 230
WS, B 2 K R e B KR R STHR B S I A T SR (121 T ST R B P B R 73 s X A
i B /K AR R G IR 5 AR R WX 5 o MR o ek K ) A R AR O 55 o XTI S5 13 1WF T3 50a R [H
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P b 5 DX i AR K B AR o e 7K 7 L e A [X 52 M TR 2% RO S e, e rp R L X AR BE M IX
TG — o b X R o B K B BE R 2, T RS S M X AR AN B R, SKER[14) 50 Ui — bR LR R
A W R PR ISR IR, P RR A AE SRR K MR BOR . BVASRE, B0t AL 3R B R E VG L 2 X )
Ui F K B I AR AP TR R I 28 2 e ko WFEFT AR OR T, RETIILT 2 X S K7 E 1 nisch 0%
[11], HZ=mPEKM T fe < SEULE S B AR R E R A, (B H BTt a0+ 2 X 2 24w B oK & 5 2
Bef 7K B T R D R 2 2R A SRR AAE RORIE TR/, L, o D b 5 X A i P4 /K R AT AT 72 B B K 2 7R3 50a (2010
D). Bk, AT 1951~2015 4 Pa 4652 1X = 285w B 7K (1 B 2 AU REAE AT I 7, g 48 s B 2%
Wi B K PRI S AR AR, 3t — 2D b T 5 ZE i B ZKOn) B =B K 2 DTBR R IR I S AR AUARRAE , BT
P A6 5 X ZRLE B 9 gk Ty T Fe it — @ 48 F & L.
2. ENERHE
2.1. MERXER

Hh [ P G T 5 X R P 0 5 X A i, A TR E R, AL T R X AR B
S OVORR. HON. TE. NESAM. GREsEAeLE. B LU R TRy G IR AR L
X NS LAVE IR 4 36 v 5l o PE BT X & 246 BEVE R B0 T 73°E~107°E M1 35°N~50°N Z [A], T 5
XAb@ERT/RZZ LBk, FEFERCWEK, PEZGR Ik, REFREREE. TRXNEHEE AR, k5
IREM . SRR SR N R A, A e A ST, R PEE R AV X, S T AR
218.6 FIr K, 2 EE LA 24.5%. REFGILTREXETREKEESE, BRZEES. &
BWCANESS, FEAKFED .
22. BERSHE

WIEHAR LM B BUNEB SR, EI T 1951~2015 £ 69 NI LR E Wi H K EHE (G
S AP 1), BEERE TR EERREREEFO, SREHEELE TR RS, BdE R
HERME R AT o

BT 28GR, B A A0E AT R X AR K A AT € X KA R IX 1951~2015 FE Z
(6~ 7+ 8 H)&ukiz H /KT FHES, H45 95 AN E A ALE I 65 P35 SO /K BIME . 4 H
B K B R Tz A, A% H I T A% PR K o Bl Bk &, B A /R A i e 7 i 2 55 58 S DL
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Figure 1. Study region and the distribution of stations
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Table 1. Definition of the extreme precipitation index

= 1. IRk IEEE X

e B AR 4 X L
e ok 7K R piBUNER R VR R mm
A o K I oA 7 e i e /I R ML PR A 7 B A mm
e ok ZK A I A A A i e /K R ML ) H 5 d
eI BAE 7 B 7R T AR i I LAY e A R s B B iz L mm/d

3. At TFRXEFRinbEK RS TILFE
3.1. At FREXEFRunbEkBENZE 2%

2 gt T PR OBR MK RO T4, FTBUE U, PG 5K AR, 5 20
KB 2 % SR K JE G AR LM X 0 5 28 O K BB BOK, KT 8 mm, BEKHO R AL L X
PSEI T 10 mm Bh_L o IR AR DA P AT A 3 B A Lk — 3 R K B K, K5 31
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Figure 2. The spatial distribution of threshold of extreme precipita-
tion in summer in the arid region of Northwestern China

2. Bt TFREXEERinkEKREZE S5

3.2. Bt FRXEFRikkEkERNRNETL

EARRTREAE ST, REEIETREXEDH R “BRE” 2R S, K 3()F&M 1951~2015 i
6T B X i K AT 20~50 mm, B4E 2 HBEMAES, HKAEEZN 1.9 mm/10a. JEHALE 20
g 80 FAREIEG KA AN E . MR FEK R = 540K E (5 3(b), PEILTFFIX E =M FEK
HEDUH B R R PRGN RIS R A REAE . FRE AT O, P AT X AR A K R ) A AR
KA 2 () 2 5, AHIEAR S BUE I A — 5. 78R Ll ikt X DA K AT 90 X AR T 0 B Al oy P /K R A K
KT 40 mm, IMAERE T X e v 055 X380 R 2 M P /K & /)y, £ 20 mm PR .
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Figure 3. The interannual variations (a) and spatial distribution (b) of extreme precipitation in summer in the arid region
of Northwestern China during 1951-2015
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3.3. ATREXEFRikMKEENNZEW

M 4(a)nl LA H PG A6 T2 X AR B K B FE AT 7~14 mm/d, BEAAKTE, 1951~2015 FGILT 5 X it
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T 2 T S ) B 2 A i AR 7 B P S 0 X L XK o VMBS JR 2 b 7 SRS 2R 2 1 ik 7 — i B 2 A
Ui P K SR ETE 8 mm~10 mm 2 (7], FLA U 1y il kit [X DL R 1S3 ik X &K F 10 mmeo p R il ikt
DX 111 5 B 2 Aoy A 7K B BB SR T O />, — L 818 Ty B Vb Y Xk B g 2D, B R B /K R FE AR T 2 mm
VG b 54 DX 5 28 W vty A 7K 568 2 1] 43 A e (10 4 A ZR S XK T P L X, 1 XK T b DL RSP i X
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01 B 7K 5 AE 2 mm PAF o

1951-2015 extremly precipitation intensity (mm/d) extremly precipitation intensity (mm/d)

—
W

<) 50N
E 14
£13
=1
~ 45N
£12 &
=1 [}
.© =]
g 11 4 E
Z 10 = 40N
&
209
5 s
8 7 y =0.0333051x — 55.1009 75E 80E 85E 90E 95E 100E 105E
1960 1970 1980 1990 2000 2010 Longitude (‘E)
year
— T
0 2 4 6 8 10
(@) ®)

Figure 4. The interannual variations (a) and spatial distribution (b) of extreme precipitation intensity in summer in the ar-
id region of Northwestern China during 1951-2015
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AT IR (5] S(a))e MZEIAI A5 0] DA HE (] 5(b)), Rl DX B 2l o B /K SISO F L i b X
B 7 W o 7K B R R ) DR T B K5 AR LL DS S A, 2 0 B 2 A i e /K S e 17 o] 25 7 SR
AR CAAMERLEROR, B KIS R /S 3t DXL T FE X P R o G b 57 DX AR i B A B A 2 PO A
A E PR ZETIE N, BRI RZEE . WS RE, IR XEE T EEEY 99.5% 8
Ry, ] 5 i i LA ] G A SRR DI T BAR T 99% ) i 35 PEAG B0 (IR )«

1o 1951-2015 extremly precipitation frequency (d) o extremly precipitation frequency (d)
. SON
_ 41
S 4
3.9
g 38 ~
% 3.7 z 45N
E 36 e
£35s El
£ 34 TN
g 33 —
g 32
i 3.1
£ 3
By PNTSE T SOE 8SE 90E 95E 100E  10SE
528
(S — _
27 y =0.00619064x — 9.06213 Longitude ('E)

1960 1970 1980 1990 2000 2010

) i
year L T I

24 26 28 3 32 34
() (b)

Figure 5. The interannual variations (a) and spatial distribution (b) of extreme precipitation frequency in summer in the arid
region of Northwestern China during 1951-2015

[& 5. 1951~2015 £ It TFEX B HRIHFEK IR FEFRT () 5B 57 (b)

3.5. Bt FRXEFRiRlEkEXNEFHKETMBHNE 5%

M 1951 SEF] 2015 FFE THILTF X B Z Wi /K = 2 BUEnkass, RNit—5 04 = 2w B Kot
BRI TTER, B 6% T 1951~2015 LT R X E R om ks B KE &R ZElmEK
X B KR TR R M ERRAE L. ATRUEH, 1951~2015 FEHE TG IL T2 X H Z MoK R & E Zm %
KR R IIG I Ay, T ZE i Koot B 2= K ) DTk F B A BRI, (H 1988 SETTFAG, R
Uity B2 7K R DT R 6 SO B N i 35, AT BB H T AR B K SSORT 58 B2 PR3 K, {45 20 4l 90 EARS
WM oK G, DA REIL T REX 2O “BET7 W CBRIE” WER, X5CHNRE
w—[15].

BT P AL T X R 2R A s, P b 5 X A s B 7K B 0 23 A A AR ORI I 2 22 e P, R T 4845
A it B¢ 7K B X6 PR B DTRR B AFAE S I 22 57 . L 6(b)rTBAER H, PHAb T3 X E i B /K o B R %
KB IR DT R = M AR A 1) P G RIS P80 () 4 AT . AR v BT DA R A L Bk b X DT R F A )
K, JLTAE 90%LL bo TERTFEIX AR &0 MW GFAH B, B AL 1) B & R IZ Mgk 1Y), B o] i e Jog s X EE
EHEH 30%LL R

4. &5ig

HTF 69 NG G MK H R, X 1951~2015 4E5R FH FHAL T 5 X 5 20 Bk (10 2528 (ks F i3
71N, FEE— BB R T E B MO E R TR, 5 AT L

1. ERETEATRX, 5 Z R0 0K 5 5 M b K B (I 2528 b a3 S A M 7] . M AEBRAE K
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Figure 6. The interannual variations (a) and spatial distribution (b) of the contribution rate of extreme precipitation to preci-
pitation in summer in the arid region of Northwestern China during 1951-2015
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