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Research on spatio-temporal change of temperature in the Northwest Arid Area
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Abstract; Using the empirical orthogonal function, morlet wavelet analysis, Mann-Kendall rank correlation method and
climatic trend coefficient method, the characteristics of temperature on spatial distribution pattern and the multiple-time
scale variability are analyzed by the monthly temperature data of 95 sites in the northwest arid area during 1951—2008.
Results indicate that; (1) There are 3 years period, 9 years period and 12 years period approximately in research region.
(2) Temperature spatial distribution pattern is primarily” Complex type” (to contribution the overall changes rates were 30.
93% ) ,according to that, the northwest arid area was divided into northern of Xinjiang region, the southern of Xinjiang
region, Qinghai region, Hexi Corridor region and Inner Mongolia Plateau region. For the average annual temperature series,
according to level of warm and cold, the rates for normal, abnormal warm, significantly warmer, cold, significantly colder
and extreme colder were 44. 8% , 15.5% , 3.4% , 13.8% , 8. 6% and 8. 6% respectively. Since 90s, temperature
increase significantly, the positive temperature anomaly value was 6.9°C for 2001—2008 , the ratio of positive anomaly year
increased from 40% to 100% since 1980s. (3) There are 97.9% regional appear rising tendency in the research region
(94.7% and 96.8% of the stations passed0. 01 and 0. 05 significance test, warming rate 0.02°C/10a—1.21°C/10a). In
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the northwest arid area, there are some centers of the warming area, for example, Fuyun (1.09°C/10a) in north of
Xinjiang, Kashgar (0.22°C/10a) in south of Xinjiang, Barkol (0.76°C/10a) in east of Xinjiang, Xiao Zaohuo (0.81°C/
10a) in Qaidam Basin, Song-shan(0.08°C /10a) in Hexi Corridor and Quixote (0.03°C/10a) in Inner Mongolia Plateau

region.

Key Words: the northwest arid area; temperature ; spatio-spatial change; trend analysis; empirical orthogonal function ;
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Fig.1 Distribution of observational stations in the study region
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Fig.2 The Load of eigenvectors for temperature in the northwest arid area
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Fig.3 Generating partitions of temperature in the northwest arid area

ca7—0 w15 @ 6—10 @115 @ 15 m sec

(I) 12|00km g °C - _50C
I 1 1 I I I I
75° 80° 85° 90° 95° 100° 105°E

B4 BALTFRERSEFHKESTHE

Fig.4 Isoclines of average temperature in the northwest arid area
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Table 2 An analysis of cold or warm of average temperature in the northwest arid area

R 251 Sk JFIX Areas
Temperature level — Parameter 4x[X Total areas LT IX RIS T IX FHETIX WP IX LE SRS
St g 3 4% PR/ C T=7.7 T=6.8 T=10.5 T=3.4 T=7.5 T=8.9
Extremely warmer R a 9.0 3 11 5 8 6
3 level Lt/ % 15.5 5.2 19.0 8.6 13.8 10.3
I 2 K bR/ C 7.5<T<7.7 6.8<T<6.5 10.5<T<10.4 3.4<T<3.1 7.5<T<7.4 8.9<T<8.7
Prominent warmer R a 2.0 3 0 6 5 3
2 level Lt/ % 3.4 5.2 0.0 10.3 8.6 5.2
TWBE 1 % e/ C 7.3<T<7.5 6.5<T<6.2 10.4<T<10.5 3.1<T<2.8 7.4<T<7.2 8.7<T<8.4
Normal 0 level R a 3.0 10 7 3 3 7

LBl % 5.2 17.2 12.1 5.2 5.2 12.1
IEH 0% Wi/ C 6.5<T<7.3 6.2<T<4.8 10.2<T<9.6 2.8<T<l1.8 7.2<T<6.5 8.4<T<7.4
Normal 0 level R a 26.0 29.0 22.0 28.0 27.0 31.0

Ho B/ % 44.8 50.0 37.9 48.3 46.6 53.4
T2 -1 % b/ C 6.3<T<6.5 4.8<T<4.5 9.6<T<9.4 1.8<T<I.5 6.5<T<6.4 7.4<T<7.2
Colder -1 level R a 8.0 7.0 5.0 10.0 6.0 1.0

Lt/ % 13.8 12.1 8.6 17.2 10.3 1.7
BRI -2 Wi/ C 6.1<T<6.3 4.5<T<4.2 9.4<T<9.2 1.5<T<l1.2 6.4<T<6.2 7.2<T<6.9
Prominent Colder R a 5.0 4.0 8.0 5.0 2.0 5.0
-2 level B/ % 8.6 6.9 13.8 8.6 3.4 8.6
SH A -3 9 bR/ C T<6. 1 T<4.2 T<9.2 T<1.2 T<6.2 T<6.9
Extremely colder TR a 5.0 2 6 1 7 5
=3 level B/ % 8.6 3.4 10.3 1.7 12.1 8.6

3.4 SRS KA AR

B PEIL TR IX K4 TIX 58a(1951—2008 4F) IR Z 5 H AL AL R 3 F Morlet /N BEAT 78 46 | 43 1) 225 1]
PEIL TR IX JLEETIX B8R X T T X PG 11X AR A 52 11X 25440 IX A IR S 2 371 Morlet /NI 738
PRI AT AE AL (& 5 ) B /N AR 4 R AR SR AR ALl B2 (T 6) o DAL T DL H 4% i 1) RUJE 7 st i) Sk 1= 4
MRS A B R RAE . B S R B v T 5 X AR R RO FE R Be NI FEAE 3a 2 9a PR
P JE],2000 AFE LUK FE LA 9a 2247 AR )RR A A Sk, 25 /NI O 2K 0 A5 P L T2 X A7 E 3a 9a i 25 4]
W1, R DL 9a REERSR, & 6 25 I VgL T 52 X AS ] At 1] RUBE T (/N A28 B SR AR AL R 1 9a (4R % JE 40
A3 IFE 1956 4 1962 4F 1971 4F 1980 4 1991 4 2000 4F % 2005 4E & ARAE, K5 Bondtii X mim T
X T X EEAFAE 3a K 9a I35 JE, H 80 ARARLISK, DL 9a HEI R EERN IR, & 5 Wos T P+ X il
WS T IX S RINFTE 3a.9a S 12a Z247 9 IRG AT, H A 70 4EAC LRI BRI 122 240 R, 27 1
IR FREIE TR LS T RS, BRI EE B R 3a 9a I 12a W, I FEZAE 1956 4F
1966 4F 1971 4F 1983 4F 1993 4F 1997 4F 2000 4F: Kz 2006 4F-43 51l 1 IU S 574 BB 17 34 58 4%
3.5 RiREEE ST

K Mann-Kendall BRUHI AR IR (M-K 75 ) R 38 3R 850 > 40 B v 6 52 X P9 453 5 AR 45
SRRV HATREESHT . T M-K KL TN S8 m, IR B EKF a=0.05 MG R A5 (E£1. 96, F
FE AU S G VR IR A B R B () , 24 ¢ 1 =1.679 B ¢ | =2. 689 I WITA N i F
JE40.05 3% 0. 01 f9 0 ARG G | 2 BT ZITRLEE A AR AL AS 2 B MILAIR 2 1T A B S i S ke 3, PR i S 371
PEIE TR IX A543 KR T L T4 R (R 4) IR E TR ZE R (R S) & T IX &, I RR 7 ik X A
AR AT RS R e AR R Bl T A S 0.01 A B RS . il AN, PR T Ik
TS FAREEUN WS A EARZE 1A, B2 1.0% , I PR k858 M, 43 3R H M-K
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Table 3  The variation character of temperature anomaly for decade

AR S8 41X Areas
Decades Parameter £[X Total areas  JLHFIX X HFlFTIX TP IX WEFIX
1951—1960 PR/ 7.0 5.7 10.1 2.4 6.6 7.5
BESPAR/C 0.4 0.6 2.3 0.9 -2.8 -3.8
IEFEPAR R L 3% 50 50 60 40 20.0 30
1961—1970 PR/ C 6.3 5.0 9.5 1.5 6.4 7.3
BESPE/C -5.5 -4.5 -3.8 -8.2 -4.5 -5.9
IEFEPAR R L % 20 30 20 0 20.0 20
1971—18980  “F#4iJE/C 6.5 5.0 9.5 2.0 6.6 7.6
HEE/C -3.5 -4.9 -3.4 -3.0 -2.5 -3.1
IEFE ARSI %% 30 20 30 10 30.0 10
1981—1990  “FHiESE/C 6.8 5.4 9.7 2.2 6.8 7.8
BESPfE/C -1.1 -1.3 -1.8 -1.0 -0.7 -0.4
IEFE ARSI %% 40 40 10 40 50.0 50
1991—2000  “FHEEE/C 7.2 5.8 10.0 2.8 7.2 8.5
HESP{E/C 3.4 3.5 1.4 4.7 3.9 5.7
IEFEPAERUE %% 70 70 50 80 60.0 80
2001—2008 VIR C 7.8 6.5 10.5 3.4 7.7 8.8
HESPE/C 6.9 7.8 5.3 8.7 6.6 6.7
IEFEPAERUE %% 100 100 100 100 100 100
ZART R/ C 6.9 5.5 9.9 2.3 6.9 7.9

F4 MKBUEZRSEEZRBEIHEALTFERESRETLERE X

Table 4 The parameters of Mann-Kendall and climatic trend coefficient method of temperature

S m i/
] A3 X = 51 ] 2 4% e At/ I3 2% /
ViR IR 7! I i K S8 m 18 o fH # m 1A o
Methods Areas Tendency Tendency P/t it ] % vl A P/t i ) 2R
Parameter
rate
M-K £IX 1138 4.18 Ao JUETIX 1081 3.41 A ox FEETIX 1023 2.64 Ao
Mann-Kendall

FHTFX 1212 5.17 Ao WPEFX 1202 5.04 A HETFX 1210 5.15 Aok

methods
FER Y8R £ 1138 0.42 Ao« JUEETIX 1081 0.34 Ao FETX 1023 0.26 Aok

Climatic trend ; . ; : :
matle Wend g FIX 1212 0.52 A s+ JPETIK 1202 0.50 A s NETFK 1210 0.52 Aox

coefficient

A RIS, VDGR « it P=0.05 BEERL; « « Wi P=0.01 B EMEKL

e 4 K7 0T U 2 XY RH5r  E IR (Ll b5 97. 9% ), Horb 94. 7% 1) 1l X i 15
0.01 Ay W E PER S, 96. 8% MYl sl i 1 0. 05 A W& VA S (A 3. 2% M IX TC W &G muash, £ 4 KK 7
TR, PEIE TR XA 52 TE M R 1 5 BRI B 0. 02°C/10a (HT SRR /R ) —1. 21°C/10a (FIH TR ) .
TEACHE I X, ARSI X 55 75 1 SR R 8 b b DX B 1 s i 438 30R IX 7 g i b DX % 9T P o i 0 1 DX B 1 AP i
HARIX , JCEEIE R T AR 25 (1. 09°C/10a) A0y, R g DA BLI1 (0. 76°C /10a) A HRLs , 5 S8R R G L) /N
52k (0. 81°C/10a) A H L R HGIR X . P 3R LAME (0. 22°C/10a) g HraCy 1] PG L X LA#A 1L (0. 08°C/10a) ,
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Table 5 The results comparison between Mann-Kendall and climatic trend coefficient method

MK 2 (1 L) R LB .y
S8 FEE Mann-Kendall methods Climatic trend coefficient BRESHT Error level
P Tend ks
arameter endency FIX ' Pyt K U T I
Area Station amount
SEHRE B | 6(100% ) 94(98.9% ) 6(100% ) 93(97.9% ) 0.0% 1.0%
> 0(0.0% ) 1(1.1%) 0(0.0% ) 2(2.1%)

4 @ip5itip
(1) 3T T 7 B G 1 T 0% DR 7 1550 43 0 R 0 0 DAL 58 D40 59 S T 7 1
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Fig.6 The real-plural of morlet wavelet coefficient process line
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Fig.7 Trend of temperature in the northwest arid area
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