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Fig. 1 Map showing the distribution of grid boxes in arid areas in Northwest China
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Table 1 Definition of extreme precipitation indices in this study
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2 1961—2011 A= Vb T 5 XM i A 7K HE B4R A Al 34

Fig. 2 Inter-annual variation of extreme precipitation indices in arid areas in Northwest China during 1961-2011
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2.2 TEZWS

RX1day. RX5day #1 RRCPTOT i {tii 1] % 3 | 7E - 0.40~0.52, -0.41~0.69 F1-1.82~
475 mm/aZ a2 4k, 5 IR o] SR 67.6% . 69.8%7F1168.7%, o4l
F12.1%., 12.0%F127.1%94% i ad B E RS (22) ., RX1day[/# 3(a)] . RX5day[#] 3
(c)1FIRRCPTOT([E 3(g)1#9 %5 M A8 Ak A Aii Ak S AL, HEARRI VAR IE . AEB
W, BB . WIPUERR . PSS P BRI 4 R 2O s A R IR I e, N
S 17 1 s ) 2R RS S A A ) 23R 2 IR N A A S S TN ) IX SR R S R AR R Y
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Table 2 Trends and percentage of grid boxes with positive or negative trends for extreme precipitation indices in arid areas in
Northwest China during 1961-2011

e YifE/mm 5% (mmia) X (d/a) 6 A E 53 1%
d MR X Ji] E R B T i EE
RX1day 18.73 0.02 -0.40~0.52 67.6 121 28.0
RX5day 29.95 0.04 -0.41~0.69 69.8 12.0 27.8
R95 38.32 0.10 -1.55~3.90 36.4 10.6 16.3
PRCPTOT 163.54 0.28 -1.82~4.75 68.7 27.1 31.7
CDD 130.07 -0.42 -2.38~1.16 81.7 25.0

SDII 3.84 0.004 -0.02~0.04 57.9 16.5 17.0
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Fig. 3 Spatial distribution of annual change of extreme precipitation indices in arid areas in Northwest China during 1961-2011
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SUEUL, AT HAMZETT, BRI sh S ARG XA K ARG . Ak, SRR
T NCAR (b 5 8l 48 55 1 e K 8 B0 R 5C R B Lok 1 A1 rhors Fi NCEP 1Y
Ko TEMKZEH, RX1day, R95. CDD & 4@ A e, UiB] RX1day. R95.
CDD v H At b st B2 /K i B3O ek

3 AREFETHILRFhIEE AR K IEE Z BB X R
Table 3 Correlation coefficients between extreme precipitation indices and seasonal Arctic Oscillation Index
FETIGTER ORI Se R 5T NCEP Ui SR EL FHT NCAR AU 3 %L
&% FE HE ME M £F £F HE KE M XF £F HE ME FY
RX1day 0.221 -0.002 0.084 -0.157 0.032 0.229 0.082 0.253 0.013 0.144 0.226 0.087 0.237 -0.021 0.146

Bzt

RX5day  0.176 -0.073 0.096 -0.158 -0.006  0.170 -0.027 0.241 -0.017 0.086  0.182 -0.001 0.247 -0.011 0.112
R95 0.132 -0.002 0.153 0.158 -0.040 0.165 0.078 0.321* 0.027 0.097 0.159 0.101 0.333* 0.006 0.121
PRCPTOT 0.121 0.044 0.111 -0.104 0.057 0.169 0.129 0.270 0.070 0.191 0.153 0.123 0.225 0.028 0.179
CDD  -0.200 -1.010 -0.234 -0.120 -0.187 -0.184 -0.079-0.212 -0.130 0.179 -0.159 -0.127 -0.312* -0.150 -0.217
SDII 0.114 0.127 0.019 -0.137 0.006 0.126 -0.102 0.129 -0.042 0.069  0.109 -0.111 0.113 -0.090 0.052

. *FoRiT 0.05 BA5 R,

HR IR T NCAR K1t (4 7 AU 5 Bl 45 - 25 W i K i 0 25 AR S AR A K se
R (%4), CDD - 5AUHl i shHE U 2 S IR sl BT o Loy, BEIIIEs i ol
Xf CDD = /E B2 il BE L .35 . QNP 4 iR, X BeRk R 2200 A e L i -5 55 s Jatlt
Zx . MVUER . NS AR ES . ZRERSFAY ARSI . 1 CDD LA B4R K
HHSC A 4555 CDD B2 ] S 22572 AL B 8 0 A ks SR B AR, oA 127 A% i T
ERE R R -] i

H46.7%, 5 B E A T4 AIREDIER SRR KISRRERX
RS s Y 73.4% , X i — BENMHREESLE

Table 4 Number and percentage of grid boxes showing significant correlation
A2 CDD By 22 fk 5t

o o \ between extreme precipitation indices and Arctic Oscillation Index
WENAE—EB R, A

i, FE RGN X B fo FREL RXlday RX5day R95 PRCPTOT CDD  SDII
sz 8 2%, hFHE B ERE UL 1 4 13 5 173 9

HE— RGN AT BER S E T 1% 03% 1.2% 0.4% 16.0% 0.8%
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Fig. 5 Comparison between RX1day in arid areas in
Northwest China in this study and previous research®™
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Fig. 4 Spatial distribution of grid boxes with significant
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Oscillation Index, and that with significant change of CDD
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Fig. 6 Comparison of the linear trends of RX1day in arid areas in Northwest China in this study and other research>***”
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5 g

AR iz 1 0.5°%0.5° f) i [ b T R ko B, R 6 i s B K 8 Ak F5E i 51 a
Va2 XK F AR 2 AR URRIE, 2R LT 458

(1) FERFIE)PE |, FE/KEHE%0 (RX1day. RX5day. R95., PRCPTOT) Flf#/K 5k
BEFE%C (SDI) ABREIAEA B LT ss, Figi T2 H% (CDD) LA-0.516 d/afyilF 2
B FREEa S (P<0.01). FEZSiH) b, BEZKEHE BRI KGR R AR IR T S B PE R b
BN AR N AR, RS H OB AR R s N

(2) G, JF NCAR TR B i G shis B S Hre TR REE &
HEME (P<0.05), BLRHE ZFAUHEN SR IX TR A A — e R

(3) Sl Bl NI 25 A g, A% B B B i 2s (e 555, RERE R
YNGR 2 RV ACRAAE , FRAIEAE R . BT JR 28 LS5 1 DX 20715 Z 1 80t — 2 1)
(i

S 3k (References) :

[1] Huan Z, Klaus F, Richard B, et al. Precipitation extremes in CMIP5 simulations on different time scales [J]. Journal
of Hydrometeorology, 2013, 14(3): 923-928.

[2] Clifford M, Adam S, Michael W. Extreme precipitation over the west coast of North America: Is there a trend? [J]
Journal of Hydrometeorology, 2011, 12(2): 310-318.

[3] Charles J, Jon G, Leila M V C, et al. Wayne Higgins influence of the Madden—Julian Oscillation on forecasts of ex-
treme precipitation in the contiguous United States [J]. Monthly Weather Review, 2011, 139(2): 332-350.

[4] Marco G, Thomas F, Tong J, et al. Trends in precipitation extremes in the Zhujiang River Basin, South China [J].
Journal of Climate, 2011, 24(3): 750-761.

[5] Kaniewski D, Van Campo E, Weiss H. Drought is a recurring challenge in the Middle East [J]. Proceedings of the
National Academy of Sciences of the United States of America, 2012, 109: 3862-3867.

[6] Almazroui M. Sensitivity of a regional climate model on the simulation of high intensity rainfall events over the Ara-
bian Peninsula and around Jeddah (Saudi Arabia) [J]. Theoretical and Applied Climatology, 2011, 104: 261-276.

[71 Donat M G, Peterson T C, Brunet M. Changes in extreme temperature and precipitation in the Arab region: Long-term
trends and variability related to ENSO and NAO [J]. International Journal of Climatology, 2014, 34(3): 581-592.

[8] Shongwe M E, Van Oldenborgh G J, De Boer B, et al. Projected changes in mean and extreme precipitation in Afri-
ca under global warming. Part II: East Africa [J]. Journal of Climate, 2011, 24: 3718-3733.

[9] Richard G T, Martin C T, Lister K, et al. Evidence of the dependence of groundwater resources on extreme rainfall
in East Africa [J]. Nature Climate Change, 2012, 3(4): 374-378.

[10] #pspe, LLE AL, TG4, 4. b E oG Jb ko e /K Je 44 N RS SO IERFE 207 [3]. T E Vb5, 2008, 28(1): 178-184.
[YANG Jin-hu, JIANG Zhi-hong, WANG Peng-xiang, et al. Analysis on inner-annual inhomogeneity characteristic
of extreme precipitation events over Northwest China. Journal of Desert Research, 2008, 28(1): 178-184. ]



2056 H % %w OB ¥ iR 29%:
[11] &, B E AR X RIS M]. Jb5: FE S8t i, 1984, [XI Cheng-fan. The Outline of China’s Natural Di-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

visions. Beijing: Science Press, 1984. ]

Wang H J, Chen Y N, Xun S, et al. Changes in daily climate extremes in the arid area of northwestern China [J].
Theoretical and Applied Climatology, 2013, 112: 15-28.

RS, I, B, & TILT 5 IXOE 50 a AR B K A AR AL AE [3]. AR R R 2R, 2012, 27
(10): 1720-1733. [WANG Bao-long, ZHANG Ming-jun, WEI Jun-lin, et al. The change in extreme events of temper-
ature and precipitation over northwest China in recent 50 years. Journal of Natural Resources, 2012, 27(10): 1720-
1733.]

E ARG, v E U K 0.5° X 0.5°4% msidli . (V2.0) 1Ak [R]. dbat: A AL MEE P,
2012. [National Meteorological Information Center. Assessment report of China’s ground precipitation 0.5%0.5 grid-
ded dataset (V2.0). Beijing: National Meteorological Information Center, 2012. ]

Caesar J, Alexander L V, Trewin B, et al. Changes in temperature and precipitation extremes over the Indo - Pacific
region from 1971 to 2005 [J]. International Journal of Climatology, 2011, 31: 791-801.

Vincent L A, Aguilar E, Saindou M, et al. Observed trends in indices of daily and extreme temperature and precipi-
tation for the countries of the western Indian Ocean, 1961-2008 [J]. Journal of Geophysical Research: Atmospheres,
2011, 116(D10), doi: 10.1029/2010JD015303.

Klein Tank A M G, Peterson T C, Quadir D A, et al. Changes in daily temperature and precipitation extremes in
central and south Asia [J]. Journal of Geophysical Research, 2006, 111(D16105), doi: 10.1029/2005JD006316.

Sen P K. Estimates of the regression coefficient based on Kendall’s tau [J]. Journal of American Statistical Associa-
tion, 1968, 63: 1379-1389.

Su B D, Gemmer M, Jiang T. Spatial and temporal variation of extreme precipitation over the Yangtze River Basin
[J]. Quaternary International, 2008, 186(1): 22-31.

Wang S J, Zhang M J, Sun M P, et al. Changes in precipitation extremes in alpine areas of the Chinese Tianshan
Mountains, central Asia, 1961-2011 [J]. Quaternary International, 2013, 311: 97-107.

Mann H B. Non-parametric tests against trend [J]. Econometric, 1945, 13: 245-259.

Liu X M, Zheng H X, Zhang M H, et al. Identification of dominant climate factor for pan evaporation trend in the
Tibetan Plateau [J]. Journal of Geographical Science, 2011, 21(4): 594-608.

Liu X C, Xu Z X, Yu Y H. Trend of climate variability in China during the past decades [J]. Climatic Change,
2011, 109: 503-516.

Li J P, Wang J X L. A modified zonal index and its physical sense [J]. Geophysical Research Letters, 2003, 30(12),
doi:10.1029/2003GL017441.

Scaife A A, Folland C K, Alexander L V, et al. European climate extremes and the North Atlantic Oscillation [J].
Journal of Climate, 2008, 21: 72-83.

Hu Q, Feng S. Influence of the Arctic oscillation on central United States summer rainfall [J]. Journal of Geophysi-
cal Research: Atmospheres, 2010, 115(D1), doi: 10.1029/2009JD011805.

Mao R, Gong D Y, Yang J, et al. Linkage between the Arctic oscillation and winter extreme precipitation over cen-
tral southern China [J]. Climate Research, 2011, 50: 187-201.

JRIEHE, TR, LA AL s 5t A E &SRR [J]. MEE223R, 2003, 58(4): 559-568. [GONG Dao-yi.
WANG Shao-wu. Influence of arctic oscillation on winter climate over China. Acta Geographica Sinica, 2003, 58
(4): 559-568. ]

RS, PhIHE, R, A JRE PG AL X AR S AU B I A SUNB BT[], B R AERBE SR, 2008, 31
(6): 811-818. [GUO Qu, SUN Wei-guo, CHENG Bing-yan, et al. Intersection using wavalet analysis of climate
change and AO in Northwest China. Journal of Nanjing Institute of Meteorology, 2008, 31(6): 811-818. ]

You Q L, Kang S C, Aguilar E, et al. Changes in daily climate extremes in China and its connection to the large
scale atmospheric circulation during 1961-2003 [J]. Climate Dynamics, 2011, 36: 2399-2417.

SERAT, A3, MR R Kl Xl 40 4E R OK AR AHFAE S . AL LEER [3]. SRR, 2004, 24(2): 220-226.
[YUAN Yu-jiang, HE Qing, YU Shu-long. Features of annual precipitation change in Tianshan Mountainous area



12 34 WO A LTRSS AL TR AR R R K =R AT 2057

for the recent 40 years and comparison with those in the southern and northern Xinjiang. Journal of the Meteorolog-
ical Sciences, 2004, 24(2): 220-226. ]

[32] Wang S J, Zhang M J, Li Z Q, et al. Glacier area variation and climate change in the Chinese Tianshan Mountains
since 1960 [J]. Journal of Geographical Sciences, 2011, 21(2): 263-273.

Extreme Precipitation Events in Arid Areas in Northwest
China Based on Gridded Data

DONG Lei, ZHANG Ming-jun, WANG Sheng-jie, ZHU Xiao-fan,
REN Zheng-guo, WANG Qiong

(College of Geography and Environmental Sciences, Northwest Normal University, Lanzhou 730070, China)

Abstract: According to the gridded Chinese ground precipitation dataset with a resolution of
0.5°x 0.5° released by National Meteorological Information Center, extreme precipitation indi-
ces including maximum 1- day precipitation (RX1day), maximum 5- day precipitation
(RX5day), very wet day precipitation (R95), wet day precipitation (PRCPTOT), consecutive
dry days (CDD) and simple daily intensity index (SDII) in arid areas in Northwest China dur-
ing 1961-2011 is analyzed using Sen’s slope, correlation analysis and other methods. The con-
nection between each extreme precipitation index and the Arctic oscillation is discussed, and
the gridded indices in this study are compared with those in previous research using observa-
tion data. The result indicates that most indices show a slightly increasing trend, except CDD
with statistically significant decrease (P<0.01). Spatially, RX1day, RX5day, R95, PRCPTOT
and SDII have significantly increased in the western part and slightly decreased in the east part,
and CDD generally presents a decreasing trend. The higher correlation (P<0.05) exists between
NCAR-based summer Arctic oscillations index and CDD, which indicates a relation between
Acrctic oscillation in summer and drought events in the study area. Compared with the previous
research using observation data, the gridded data have greater spatial coverage, which is good
at describing detailed spatial variation, especially in the mountainous regions like the Tianshan
Mountains and Altai Mountains.
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