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Spatiotemporal variation analysis of extreme precipitation in the Three River Source Area of
the Shaanxi-Gansu-Ningxia Contiguous Region from 1971 to 2017
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Abstract: Combined with the climate tendency analysis and wavelet coherence analysis, the daily precipitation and temperature data
from 1971 to 2017 were used to reveal the spatiotemporal variations of extreme precipitation in the Three River Source Area of the
Shaanxi-Gansu-Ningxia Contiguous Region and explore the relationship between extreme precipitation and the El Nifio-Southern
Oscillation (ENSO) activities. The results show that there was a significant increase in extreme precipitation in the Three River Source
Area from 1971 to 2017. Precipitation in this region has an apparent spatial pattern with higher values in the south and lower values in
the north, showing the apparent impacts of geography and topography. Changes in the extreme precipitation indices in this area are
mixed. In most areas, the amount of exireme precipitation, number of heavy precipitation days, and precipitation intensity increase
over the study period, while the number of low precipitation days decreases over time, indicating that precipitation in this region tends
to become more extreme. There were significant negative correlations between the extreme precipitation indices and the multivariate
ENSO index (MEI), and the periods of maximum coherences between exireme precipitation indices and MEI are 3-5 a and 9-12 a.

Key words: climate change; extreme precipitation; spatiotemporal variation; multivariate ENSO index ( MEI); climate trend
coefficient; wavelet coherence analysis

EEWA . EEKEMUAITR (2016 YFC0402701 ) ; T B 5 i A A& 1151 (2018 BEG02010) ;5 B 5 [ #A B2 524 (51879067 )

TEERN . K& (1995—) , %, Bl L5 A, EENF AP SRS . E-mail ; zhangjing@ hhu. edu. cn

BEMEE. kA, # 8%, E-mail, kzhang@ hhu. edu. cn

SIRAST: kW, 5KBT, £ 5, 45, BeH T =T IRIX 1971—2017 4EH o B K i 28 AR S0 [ D] T R 2 24 4R ( H SRR R ,2021,49(3) -
288-294.
ZHANG Jing, ZHANG Ke, WANG Sheng, et al. Spatiotemporal variation analysis of extreme precipitation in the Three River Source
Area of the Shaanxi-Gansu-Ningxia Contiguous Region from 1971 to 2017[ J]. Journal of Hohai University( Natural Sciences) ,2021,49
(3) :288-294.



3 LA PH T MR 1971—2017 AEAR I REAK IS AR Ak A AT 289

2018 4F IPCC 7E( AEK 1. 5°CHERE R MR 45 ) ' 48 2R 35 R 78 2030—2052 4F e Tl AL Fif 7k
T 1.5°C , BRI E H ™ E, ks &R BN TR A RS SR R
PESR , fE EVER, 5 i AL S 2 BRI, TR LA 78 A o A K = 1 B TR S

VF 2243 oW st P K 23 28 Ak K IR S PR i T R R R M I . AR AR R B BRI it B K 5kt
JE 2 IR AT R 1°C IR St A K e D 2 A R R R K SR e A R AR T 50 AR,
FE] P b I i e 7K S S, ARt AR AE R B L X i ) A 2R AR g R e RO X P R AR
Mo DX AR R A, AL AR R i D, 2R 25T B VA s e K R S B B ARk, 1961—2009
SR T WK —Ig /D — 3K P AR AR 2R I S 2R 0 — T e I A K G RS i, 58 & v
SRIRIKIE 2 | MoK FRERm ] S BB AL , 21 PR R K i E 5 ENSO A B H VLR,

e = AT PR X Ak R IR PG G, B T B X A Gy R R, R E R R
Z RS IEENGSS K FRIRSERA L | B IZ X UK R R 1 2 2ok I8, FL28 R MR Bk 2 51 & i 3 e A
SEJCE R BN B AR AR R SR DRI, AR S A i R 7K A B 25 AR iR ) A8 A0 B SCIE ML, AR SR & H 520
Rk IR 2 BT T 1971—2017 4R H 7 = InT 5 i DX B s K 7K A Bsf 2 AR AE S5 AR fh R 3, LU R = 3]
T8, DX X6 AR AR AR AL PRk B U5 Bl ) R A B2

1 HURMTTIE

1.1 HREER

[ SR /78 VA Rl e =19 Wi <1
HPRAT R 34°307 ~37°50'N,105° ~ 109°E,, [
FR297 T3 km®  BEESREVE HON T HE 3 A (X)),
VAR 2K N TR T ) 3 KT A 1
T ENE LD, 75 B 1L X R T
PKAE2 000 m DAL FRRC= 3T 737K 29I
Sl N P AL =7, 2R R AR 5 3 A O e e v
1 MEHAESO0 ~2 000 m, DA#E + Fre b by 3 5 #
T e, b o e A, P RS 800 m, Ui
PV ERGIRE (1 1)1 IS DX R 1 b X
b N R e | 5 I R S R
BIX, FEH Ry 0 SR 2 4R R e b
W DX, HYUOE R, SR TP TEAR R PR IX -5 . mgEs o 20 100k
1.2 Eﬁ‘?ﬁ%ﬁ*ﬁ . E1 HRXMEMESSKESH

ASCRRAAR R A B ZTR AT RO Fig.1 Geography, topography and distribution of
(http://data. ema. en/) & ¥ ri [ 3t 1h7 A6k ¢ rain stations in the study area
FHH BG4, e H K SR TR, SR
FAAEER B (1 H 0T, B 268 B 29 Al s Bicds . B2 0t Bl b O b 350 500 22 i 5 11 DEM ( digital elevation
model ) 5045 K B M P23 [B] 50 HE = F 15 (hitp . //www. gscloud. en/) , JE/RJE#—Fd 15 ¥4 8l ( ENSO) B4 A9 FH a2
FFR T R U £ T ENSO #8410 ( Multivariate ENSO Index, MEI) 531, 04k J8 T NOAA Physcial Sciences
Laboratory (https://psl. noaa. gov/enso/mei/) . MEI 2 K- b AR T 0% | Hb 1T 245 ) X His T
Zoqa) X R TR BE AR 28 i 6 FhEER 4 340 #r, He HoAMl ENSO $R 5045 115 B 22, RE A8 TE 4 b S Ik
G REMASE
1.3 #himbEKEX

I, A8 i 35 K P T (L A A 2 ol 8 % BBV R 1 o7 IR 1, AR SR I sl P 194 0o I 1
VRO B(E, 2 A R K P4 1 B O O 3 H AR R K B THIT HESY 4458 95 AN E AR L
(B 47 a ~F-R(EE SCAIR S P K ek S ) AL, 25 ol s T K e o 1 0 i e K 180 RIS, BB 322 0l A=
TR K S . BRI S R K A Y R K B R R K B . S Bonsal 451 TE AR L




290 WM R R (R R ) 49 %

FEA n A EHIEIRTHTHS 2, 0y, oo 1, FAMEN T B T, IR
_m=-10.31 0
n +0.38

FHIH R IR AL (WMO) AMEZE 5123 (CCL) BRI 80 SR A2 A A0 AT F50 #4314 ( CLIVAR )
B E A AR W IR FR ) i K R BOE LR 4 MEARS L (a) 18 H FE/K S5 (PRCPTOT) , i H
Rk i KT 1 mm B4R BB K &5 (b) B FEK i (RISP) | O H BEK 1 KT 95% 3 (i AEL I S R 7K Z Al
(¢) MRFEK HE(R20) , W4FE HIF/K R TEZET 20 mm (9.5 HEG (d) B H HEC(RD) , MAEH FRKE KT
AT 1 mm B8 H 5k,
1.4 HRF*E
1.4.1 &MEEHZHK

TES M L W AR R R T R R R« RIS, T R A B, TRk XA
[FZE R T LR, R A — R B R A AR5 S0 B AR 5 25001, PRI AR SR FH o IR I SR 1) A< A e
R KRR GERNAAR | R0 SCREARK R N | B ZEHRF S5 [R50 (1,2,
s 1) Z B A DG R B

rxt = = (2>

Krrow, —2 R Hx
1.4.2 AkAaF o
AN AT AT DA B S S G 7 90 A A AR ARy BB AR A, 58 SOV ) 23838 T LAAE 7R B AT ] 1) 7 i 1
(B DX AV AR DG R, /N AR T35 P LA FH A B s — 03 2 i) v 9 B () 7 371 6 AT R (L DX %) SRy A AR DG 5 DR B
AR SR /NP AR TSR 28 MET 45 5505 s oK 48 B A G RE )
FFAL R 2 ANEZAIHE RS X A1 Y 2Z (8] )38 N DI RGE (XWT) € XA
W (s) =W (s) W (s) (3)

LR,

KL WY () TE X Y HASUNEER S W (5) — T E X HHE S NS B W (6)— W ()
(1) 52 e, s—— i ]
INBEAR TS E R
S(s™ W¥(s 2
Ko - SG W) | "

SGTH W () [DSG™ W) [
R S——FWE T s—— BRI W) () —— R Y SN ARG S
AL 2 ANEE I ] A1 SR PR IR 1 52 R S S MR IR TR I

2 ZHR AW

2.1 SEFYBRKERSE

F L 2 (a) AT D0, BFF ST X P 8 7K H AR 1 Pl 2 g 1) G 3t i, H R 30— 2 1 B A B /K R AR T 500 mm, %
KAEAA 626. 8 mm , HIRAEFS BEL S, PAZS 8L S ot B9 75 85 L X —7 B K3 22 (H 3 DX P Rae 7K R
X Z AR 4. 58 ~13.39°C, A pg b/, p (Rl B T L, i 5% XS0 S BB VR Ak 3, iR
WE L, AEBE RN 0.8, 1971—1996 4F, S B AR IR T2 7B 9118 <R SE T B s B, 1997—
2017 AEA R BEAR IRV TE BB 1997 —2012 AF ] 1) < 56 L IS 2248 1 1%, 2012 4R J5 SR M 4e 22 T 7t 4F
SRR K BEAERT ] T R 2 ISR A R R EON 0. 15 AEREK EZ RN FPREG .
2.2 Bk B B 4L 4FHE

FE T B i B K A8 B BT 25 AR i A K 18 B B[R] AR AR RRAE (181 3) o BRUEV H 2 F RSN, R 2
TS 18 H K E RN A B IS DARRRE DN 3, AR 80, 018 mm/a, ZFEHE/N T
500 mm,, B iR AK e S R s R K A O, S R R ECRh 0. 14, 2 FIHEE @ T 0.05 W MK




3 o A BT SR IX 1971—2017 AR IR K B 28 AR Ak AT BT 291

- 208 0 50  100km
— SR (c)  —L

(a) ZAEFH Rk MR A [E 21k

F&7K 2 /mm

— W/SREET
r SIBIRIR/FEK M Z 72
T SRR K
g
--------------------------------------------------- 0 =&
r
200 -2
0 b
-200 . . . .
1971 1981 1991 2001 2011 2021

Ey
(b) FH4F Bk i R SR 2 1L

2 ZETHREKENSKIENTESH R XIS FHEREKENSIENFEEZL

Fig.2 Spatial distribution of multi-year average precipitation and air temperature,

and time courses of yearly regional average precipitation and air temperature
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Fig.3 Time courses of extreme precipitation indices from 1971 to 2017
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2.4 thusbEKIEES MEI B9KELS 17

i FH/NBE A AT 5 MET 50 i B /K 5 B0CFE I A 88k P IR RE R X A B C R (B 5) o 1 H B K &
5 MEI 7£ 3 ~5 a B [a] RUBEHAT 25 A AR DCARAE , A OC R EGAH 0.9, )7 9158 AT AH 25 29 R 120° 9% H [
KR HEET MET 7284k, MEID 5020 B /K 57 1982—1986 4E I Bt A — /i 4 a 2 IL4R R, M0 5C RECh
0. 8;1980—2015 4EMTBLEA 10 ~ 12 a W [A] RUZE i 25 2R B, 7 40 22 90°, MET J3° 47 £ Hif Al o o /K it A2 A
S PEK H S MEL 78 1977—1989 4FHA 3 ~5 a B [A] RUEE i 1 38 £ AH SC L4 F B0, MH DG R 40668 0. 8, [ AH 22
2974 130°;1990 4FJ5 HIH 9 ~ 13 a B[] RUBE A9 bk 25 4R JR) ], (3 AH 2554 90° , MET J7 81 AR fk i Hir st ok H 25078
fb.. MEI 5§ H207E 1977—1986 EHTEBEJET 3 ~5 a I[A]RUBE B Sk 2 2R F 300 e 300 o 5 i 1) £ A DG ARR
TE, PEAA 224 120°£10° , A1 5E R EUAT A5 0. 85, 181 95% B & {5 FERL 46 , MET ¥ J=5 R TR H B0k | 78 HAb A B -
WA I 35 YA DG B 2 X

N H*&Jﬁﬁ%k%;ﬁ&% MET 5 /INE A 3% BT — 2 BRI UPE | 76 1977—1989 4RI BE /7 AE 3 ~5 a i [A]



3 o A BT SR IX 1971—2017 AR IR K B 28 AR Ak AT BT 293

X R BT I
0 02 04 06 08 10
0 3 3 0.4/ I3 % I
: i 2 918
5 : iy
e :S 3 :§
i y 18
SO 3 N =
= s =3 Y 231
iy - iy s =
i : I ) %
EELEET e Y
: 4 e 3
16 beidis Aeanes TE R 1, 16 EZZ2a sy e
1971 1981 1991 2001 2011 2021 1971 1981 1991 2001 2011 2021
E A
(a) MEI-PRCPTOT (b) MEI-R95p
O?/ ] 0 . —
6 :
= 3 = A
N G = %
J 8
: 53 ST ks
6 ALL2A524 16 EERR R R R R R )
1971 1981 1991 2001 2011 2021 1971 1981 1991 2001 2011 2021
SEf A
(b) MEI-R20 (d) MEI-RD

5 RuEBE/KIEEFN MEI B35 /N Fil
Fig.5 Wavelet coherence spectrum of extreme precipitation indices and MEI indices
FUBE SR Ji 0, 5 00 3 SRR G AR 222 Sy 120°, i B /K 48 20T 91 A2 (B FiT MEL, 20 22 90 4E4XH;
B9 ~ 12 a ] RUEE A SEARA TR, 2 AH 22 90° , AHOC R ELTTEA 0. 8, 751 3 I R A0 A AH DG RRAE .

3 & i

a. BFGEIX A 34 R K a4 1) PE G sk, 76 i 1] b R 2R PR A PR %, 1971—2017 4 LK H B
T2 WA 2010 AEA AT HEAZ I, SR BT BRI XA IR AL

b. % H Rk Hm P K i SR K B OEAR 52 s 3ot 3 ol o K iR R K H i K B
W H 5 s b

c. MR K FEEAE 25 (] b ELA W 5 0 22 S A o R 7K et ARS8 K 4 R A Bk 340 Hh e b s ek, 1B H
At 7K 8 TR AR s A K S KR 4 M DX S 1 i 3, R S | SR R K H B, 55 RK H s | O R
K F Ak

d. MeomBEKFEECE MET BAG 3 6R SGME MO R 6L 0. 8l i 95% W EAR BEAL S . 1977—1989 4
A 3 ~5 a BF[a]ROEE B S48 FE 10T, B iR /K 48 B0 FiT MET 284k, B S S EE 9 ~ 12 a A i) )R A4 8 3 LR &
W1, WK R L IR T 09 S RV F 20 X sl b s R K s Bl B BRI, R SO i 25 A ENSO 5
B0 55 R g A K I DI A B A T W 2 DG 2R S 2 T AR 233 ik 2 B R AR IR it B /K R s i PR 2R

S Xk

[ 1] IPCC. Special report on global warming of 1.5°C [M]. Cambridge: Cambridge University Press, 2018.

(2] ARG, P18, SOMGAR. RS AT P LA A AT [ ] T4l ( LR ) ,2020,48 (1) :3945. (DENG
Peng, SUN Shanlei, HUANG Pengnian. Influence of climate change on runoff in Poyang Lake Basin[ J]. Journal of Hohai
University, 2020,48(1) :39-45. (in Chinese) )

[ 3] DONAT M G, LOWRY A L, ALEXANDER L V, et al. More extreme precipitation in the world” s dry and wet regions[ J].
Nature Climate Change, 2016, 6(5) ; 508-513.

[ 4] SRR, 30, M8, 55 ] it OB ity B ZKCRp AiE S A ) o BB B K B A 3 [0 ] 0 2 2 4l ( FAR AL 1) , 2012, 40



294 WK AR R ) w0 &

(1):1-8. (RONG Yanshu, WANG Wen, WANG Peng, et al. Analysis of characteristics of extreme rainfall and estimate of
rainfall during return periods in Huaihe Basin[ J]. Journal of Hohai University,2012,40(1) :1-8. (in Chinese) )

(5 ) mi, War2e. 3 50 AF R i (= 0 i KBS 3515 W BB R B e 0k [ 0], HERBHA 2, 2014,29(5) :577-589. (GAO
Tao, XIE Lian. Study on progress of the trends and physical causes of extreme precipitation in China during the last 50 years
[J]. Advances in Earth Science,2014,29(5) :577-589. (in Chinese) )

[ 6 ] BZR B ZEar, 2/, A, HOR B i it 45 SR K R S [ 7K I 25 7 Al R [ ) ] AR SR8 24 4R, 2012,21(9) + 1539-

1547. (YANG Dong, CHENG Junqi, LI Xiaoya, et al . The variation characteristic of different levels of precipitation and extreme

preapitation in Loess Plateau of Gansu province region in recent 52 years [ J]. Ecology and Environmental Sciences,2012, 21

(9): 1539-1547. (in Chinese) )

LAY FHE  RE R, G5, 1961—2009 AE R PH 4 M di ik K K SRR I 258 A2 [ 1], TR IXHFSE,2011,28(1) :151-157.

(JTANG Chuangye, CAI Xinling, WU Suliang, et al. Spatio-temporal evolution of extreme precipitation events in Shaanxi

Province during the period 1961-2007[ J]. Arid Zone Research,2011,28(1) :151-157. (in Chinese) )

XML, TS, X 5. 1960—2013 4 Z2 W — kol g AU A o ek 7K B 28 AR AR IE 2R 3R [ ] 3Rk e,

2015, 34 (3): 354-363. (LI Shuangshuang, YANG Saini, LIU Xianfeng, et al. Spatiotemporal variability of extreme

precipitation in north and south of the Qinling-Huaihe region and influencing factors during 1960-2013 [ J]. Progress in

Geography, 2015, 34(3) :354-363. (in Chinese) )

ZE0 BT, X, A RS R A AL TN T 2R KRR ISAE AL )] AR ,2017,37(4) 1 1252-1260. (LI

Shuai, WEI Hong, LIU Yuan, et al. Runoff prediction for Ningxia Qingshui River Basin under scenarios of climate and land use

changes[ J . Acta Ecologica Sinica,2017,37(4) :1252-1260. (in Chinese) )

FIURLL 5RER, EIOHE, 55, 1956—2016 AF-IH T S8 AR U B Wk B 4R BR2 (RARAE [ D] 7K1 R 1, 2018,40(2)

370-377. (WANG Shuhong, ZHANG Yu, WANG Dachao, et al. Annual variation of the runoff and precipitation in the Hulu

River basin,a tributary of the Weihe River, from 1956 to 2016[ J]. Journal of Glaciology and Geocryology,2018,40(2) :370-

377. (in Chinese) )

(1] poREg, S0, TKIRTE, 55, 1960—2013 47 Hg il 1 U i P K I 28 AR RRAE [ ) ] TR R 27224 ( A SRR R , 2018,

48(2): 160-171. (FANG Junhan, GUO Bin, ZHANG Zhenke, et al. Temporal and spatial characteristics of precipitation

extremes in the Huang-Huai-Hai Plain during 1960-2013 [ J]. Journal of Henan University ( Natural Science), 2018,48(2) :

160-171. (in Chinese) )

WRIR , TR, 22 28, 45 0T 65 4F ENSO 5145 B 48 Al Je PR E O 52 [ 1], #A U R 4k, 2017, 33 (5) : 683-694.

( CHEN Hongying, XU Feng, LI Xiaohui, et al. Intensities and time-frequency variability of ENSO in the last 65 years[]].

Journal of Tropical Meteorology,2017,33(5) :683-694. (in Chinese) )

[13] 8, KBS, Wi, 5. I 40 4F =TT F JFUN S e K i 23 AR AR 20T [ 0] K R ARFFIFSE, 2019, 26(2) : 272-282.
(LU Jing, ZHANG Yuhu, GAO Feng, et al. Temporal and Spatial variation characteristics of extreme precipitation in the
Sanjiang Plain in recent 40 years[ J]. Research of Soil and Water Conservation, 2019, 26(2) ; 272-282. (iin Chinese) )

[14] £, B, DHRIE, 55 1961—2015 4F PU )1 44 TR i B3 K 18 0 23 A8 AR AT 58 [ ] P R R 227 4 ( FARBLA 1)
2018, 40(9) . 133-141. (LUO Yu, CHEN Chao, MA Zhenfeng, et al. Spatial-temporal variation of extreme precipitation
indices during the main flood season in 1961-2015 in Sichuan[ J]. Journal of Southwest University( Natural Science) , 2018, 40
(9): 133-141. (in Chinese) )

[15] BONSAL B R, ZHANG X, VINCENT L A, et al. Characteristics of daily and extreme temperatures over Canada [ J]. Journal of
Climate, 2001, 14(9) : 1959-1976.

[16] ALEXANDER L V,ZHANG X B, PETERSON T C, et al. Global observed changes in daily climate extremes of temperature and

precipitation [ J]. Journal of Geophysical Research: Atmospheres, 2006,111(D5) :1-10.

JERE. I BRACZEIAIR UL 18 AH G A 28 Al B 5 JR R A2 A SE R [T]. R F i, 1996,54 (6) @ 675-683.

(SHI Neng. Secular variation of winter atmospheric teleconnection pattern in the northern hemisphere and its relation with

China’s climate change[ J]. Acta Meteorologica Sinica, 1996,54 (6): 675-683. (in Chinese) )

GRINSTED A, MOORE J C, JEVREJEVA S. Application of the cross wavelet transform and wavelet coherence to geophysical

time series [ J]. Nonlinear Processes in Geophysics, European Geosciences Union (EGU) , 2004, 11 (5/6) :561-566.

(Wi H 391:2020-09-03 i . sk 3E)

[7

[

[8

[

[9

[

[10

[

[12

[

[17

[

[18

(R



