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Abstract: Using monthly precipitation records from 122 meteorological stations in the arid region of Northwest China, the
spatial and temporal distribution of precipitation were analyzed for the period 1961—2011. The Mann-Kendall trend test and
Morlet wavelet analysis were utilized to detect the spatio-temporal distribution of the mean annual and seasonal precipitation.
In the present paper, the Northwest arid area was divided into the northern Xinjiang region, the southern Xinjiang region,
Qilian Mountains, Tianshan Mountains, Hexi Corridor region, and the Inner Mongolia Plateau region. The results obtained
indicate that the mean annual precipitation ( MAP) in the northwest arid region had a significant rising trend (P < 0.01),

at a rate of 9.31 mm/decade. The mean annual precipitation in the Qilian Mountains area rose the fastest, increasing by 38.
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67 mm/decade; the second fastest was on the Tianshan Mountains, increasing by 16.79 mm/decade; the slowest increase
was in the Hexi Corridor, southern Xinjiang, and western Inner Mongolia, increasing by 8.49 mm/decade, 5.44mm/
decade, and 5.09 mm/decade, respectively. The Mann-Kendall test showed that the increasing trend of the mean annual
precipitation in each area was statistically significant at P < 0.05 level, except in western Inner Mongolia. A rising tendency
of the mean annual precipitation was observed in 95.9% of the stations in the study region, but the amplitude shows regional
differences. The Tianshan Mountains, Qilian Mountains, and northern Xinjiang show a rising tendency in all stations,
followed by those in southern Xinjiang and the Hexi Corridor, whereas the lowest increase is in western Inner Mongolia,
accounting for 77.78% of the stations. Centers of the highest increase in mean annual precipitation were identified. for
example, Yeniugou (52.5 mm/decade) in the Qilian Mountains, Tianchi (22.8 mm/decade) in the middle of the Tianshan
Mountains, and Xinyuan (28.3 mm/decade) west of the Tianshan Mountains. There are seasonal differences in the rising
trend of the mean annual precipitation. The rate of precipitation increased the fastest in spring, by 3.32 mm/decade,
followed by the rate in summer and winter, by 5.44 mm/decade and 5.09 mm/decade, respectively, whereas it is the
slowest in fall (only 2.07 mm/decade). The precipitation rate in winter was universal across the studied region, it was 98.
36% in all stations. Summer precipitation rate presented regional differences; the precipitation rate was 79.51%. Abrupt
changes in mean precipitation in the arid region and sub-region of northwest China are evident. The changes occurred in
northern and southern Xinjiang and western Inner Mongolia in the middle of the 1980s, in the Hexi Corridor and the Qilian
Mountains changes occurred in the middle of the 1970s, and in the Tianshan Mountains the changes occurred in 1991. The
abrupt changes in the mean precipitation in each area were statistically significant at P < 0.05 level. The Morlet wavelet
analysis showed that the precipitation has an approximate 4-year, 8-year, 12-year, and 22-year cycle in the studied region.
According to the level of wet and dry, the rates for normal, abnormally dry, dry, wet, and extremely wet mean precipitation
series were 32% , 12%, 24% , 16% , and 16% , respectively. Since the 1980s, precipitation has increased significantly;
the rate of positive anomalous years has increased from 10% in the 1970s to 80% nowadays. Today, it is relatively wetter in

the arid region of northwest China, with an obvious ongoing increasing trend.
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Fig.1 Distribution of observational stations in the study region
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Table 1 Trend of precipitation in the arid region of northwest China

4 3R R [ 3%
B i *fifﬂif g JEOIORE Wix t?%ﬂo{? g ICHE
Parameter Subregion  Tendency Tendency Wi/ [:.E ) Parameter Subregion  Tendency Tendency Hisl/ H:WJ)
rate Ratio rate Ratio
BRI E Jeam 3.09 A 30(93.75%) K ZEREKE Juae 3.15 A 29(90.63%)
Spring precipitation [ 5 0.98 A 37(86.05%) Summer i i 2.40 A 36(83.72%)
Kil 4.06 A 17(89.47%)  precipitation Rl 5.77 A 19(100% )
WL 3.43 A" 5(100% ) B3 3.89 A 4(80%)
VAT PG A JER 1.52 A" 14(100%) ] 74 2 JER 0.28 A 6(42.86%)
AEJUH 3.24 A 7(77.78%) e -1.03 A 3(33.34%)
P TRIX 3.32 A 110(90.16% ) P TRIX 2.66 A 97(79.51%)
KoK Jb 1.81 A 25(78.13%) KK b 4.53 A" 32(100%)
Autumn g 1.50 A 37(86.05%) Winter o 0.63 A 41(95.35%)
precipitation Kl 3.20 A 15(78.95%) precipitation Kl 3.79 A" 19(100%)
E L 9.73 AT 5(100% ) B3 0.56 A’ 5(100% )
AT PG 7E R 2.74 A’ 14(100% ) T P4 A B 0.92 A" 14(100%)
e 2.43 A" 9(100%) U 0.53 A 9(100%)
ML TR X 2.07 A" 105(86.01%) I TRX 2.34 A" 120(98.36%)
AEREK draE 12.26 A’ 32(100%)  AEREKE Kl 16.79 A" 19(100% )
Precipitation T 5 5.44 A" 41(95.36%) Precipitation B 38.67 A" 5(100%)
VAT P4 A JER 8.49 A" 13(92.86%) AEJU 5.09 A 7(77.78%)
P TR IX 9.31 A 111(95.9%)

A TR, AFIRAE S « @ P<0.05 WEMEACEALE:, T il P<0.01 BEF KPR
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Fig.2 Change of precipitation in the arid region of northwest China
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A EPE I T X, 20 tE4D 70 AR HIIR TARAERE K YIME , 70 AR5 FFah i AR i i B, 3] 90 4FAR
IEHEER 1.4 mm, 21 29 IEHF 15.1 mm, 1EBEPFAFEE LG H 70 42100 10% L% 21 a2 911
80% , JLHEVIX | B8RV X A1 34 LIV DX RT3 JER IV X e K A8 AR A AL, R LIV X PN 552 G 3 0 X [ 7K 72
FEFAEAREL, MAERRT 60 4EARE 70 X, 4 XA BB /K i BIE T AR vk R K 048, BE 7y £ (- 99.2—-
2.6) , IEFPAREL LU IIHE 0% 2 50% 2 [6], AH AR % LU DX T A 4540 241k 4 B, BE S - 99.2 mm Fil-66.2
mm,, 80 AL, JLHRAV X | Fe SR X 1834 LS DX Y S JB I DX 88 K S5 (B A 88 i, B SP(ELE 2.3—50.7 mm
Z (8], IE B AR LB 30%—80% , HiHr 41334 L1 B4 R /K 725 Ak B8 5 K 10 R L SIF X T PR 558 P 30 0 IX AT Ak - 71
PRI B AR AW A, 90 R0 21 A0 w), 25 W X H B B K S48 34 8 T Am Rk 3448, JL b R 1l
AV DX RIAR 32 L1 S DX A 1 DX 0 B8 i B S, T P A 55 B 913K 1) 90% , T e 56 R P9 552 PG 3 46 1 52 b X B R 45
55 , IEHE AR BITE 50%—60% 2 10] , MR ,20 tHE22 70 4E40 2 BT LA G55 32, 80 4RI U A7 X el
HER A, 90 AR 2 S5 A X R I ., Vb T 5 X AR D T AR A B, HE A

®3 BALTFERRETREKERRELEE

Table 3 The variation character of precipitation anomaly for decade

1EAR e 43X Areas
Decades Parameter P TR IX B[ T Kl E S| T P4 52 JAR ISEERY
1961—2010  ZAEFH{H/mm 158.7 186.5 58.1 330.6 364.4 126.2 127.4
1971—2000  FRMESAEE/mm 159.5 184.0 58.6 326.7 375.2 129.1 128.8
1961—1970 - F{H/mm -19.2 -14.3 -13.0 -20.4 -99.2 -23.9 -11.2
IEBE AR % 30 30 20 40 0 20 50
1971—1980  FEF{H/mm -14.9 -19.5 -8.3 -19.3 -66.2 -7.8 -2.6
IEFE AR L % % 10 30 30 30 0 30 40
1981—1990  HEF-{EH/mm 3.3 5.7 2.3 -5.2 50.7 2.6 -8.2
IEFE AR L % 50 40 60 30 80 50 40
1991—2000  #EF-{EH/mm 11.4 13.8 5.7 24.4 15.5 5.1 10.7
IEFEPAEEL L R % 70 70 60 70 60 70 50
2001—2010  FE{EH/mm 15.1 26.8 10.5 40.1 51.6 10.9 4.7
IEPEPAEEL L R % 80 80 50 90 90 60 60

3.4 BEKHED AR FI A AR

BV T R IX 45 X 50 4F(1961—2010 4F) Bk &2 7 51 i AT bR AL AL B, SR B M-K 35 F1 Morlet /s
P45y AT AR B K k18 2 A8 R AR AR 24T, 22 1) 4 DRI 4% W DX R 7K 0 17 81) Morlet /DN A8 46 32 $5 S o
WA (K] 3) 2l Pa AL T2 XN AR e RECIE AR L B (B 4) o ARG R, I TR XA T X
Rk 7E 20 20 80 4FAX 2 90 AT BH i 1Y 28 AR REAE , v B it AL | ma 3 T PN 52 P X AE 80 ARG
WA A8 AR I E) 5 R AR AL SEAR TR A5 ) 4R 2 LU AT PG A AR Y X e AR A L | R A A 70 ARAR PR 5 i R
WL AR 1991 4 DL b 2 AR B [E] 34738 2k 1 FH 07 19 S 35 P KA 56 . Morlet /)N I8 725 i 28 50 S50 s 431 A8 £k T T
DU, DAL T 5 AR REK 7 SRR A 58 B B N Y AR AE 4a 8a 12a 1 22a R3% A, 456 /NI T 22 40 B
ot 22a ROBEHR G Ao, OO 12a RUBE (&1 3) o I/ SR A8 Ak B2 R Y 22a 1Y 3 i 3 43 il 7
1968 4 1976 4F 1981 4F 1990 4 (1997 4F-F1 2004 4F kA 548  Ie2e 1 3 TR by I (| 4) . 7E4
TEIX 4 8a Fll 22a RUFE JEIIJE 4 IXSPE Y, 12a JEIUIFE R LLORNAR 42 LU SR BRI 552 | 578 SR AL S@AAR % LU 22 Ah i)
Holh+ XA A71E 28a (3R E1]

4 Zr5iit

4.1 e

(1) 3T 50 4EARPGIL 5 KRR K i SR 3E A H, 95.9% 1 3l A SEIRARE , 42 X4 N 9.31 mm/10a
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Fig.3 Real plural of Morlet wavelet analysis in the arid region of northwest China
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Fig.4 The real plural of morlet wavelet coefficient process line in the arid region of northwest China

F4 ALTERRETRXMEKRETHE
Table 4 Abrupt change of precipitation the arid region of northwest China
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Z%1 Parameter — — N NN N i
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12 VLK Significance level e e o e e e *

# l3d P<0.05 BEMAKTAE:, ** Wid P<0.01 BEMAKTRL, ** @it P<0.001 3 MK 465

(2) VHIE T X 329% M AF- 003 B K I 1EH Y 1B, O 4404 24% , S8 M T 400 R 12% , 535 D 2 A i 152 4
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4.2 e
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