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Abstract: Based on the daily sunshine hours data of 9 meteorological stations and daily solar radiation data
of Urumqi Meteorological Station from 1961 to 2010 in Urumgqi, Xinjiang, the monthly solar radiation of
spring, summer, autumn, winter and year from 1961 to 2010 of each meteorological station was estimated
by using of climatic methods, and the fundamental spatial-temporal change trends of spring., summer, au-
tumn, winter and annual sunshine hours and solar radiation were analyzed by using of linear trend, Mann-
Kendall test and three-dimensional and quadratic trend surface simulation and inverse-distance squared
weighting residual error revision based on GIS. The main results show that spring, summer, autumn and
annual sunshine hours and solar radiation in Urumgqi are more in plain and valley areas than in Tianshan
Mountain areas, but winter sunshine hours and solar radiation are more in Tianshan Mountain areas than

in plain and valley areas. The variation trends of spring, summer sunshine hours and solar radiation are
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not so obvious, but sunshine hours and solar radiation of autumn, winter and year have significantly de-

creased in recent 50 years, and they had abrupt decrease in 1981 and 1991 respectively. And before and af-

ter the sudden change, the autumn, winter and annual sunshine hours and solar radiation had distinct re-

gional differences. In general, the decrease range of sunshine hours and solar radiation shows the charac-

teristics of “more in plain, but less in mountain areas”.
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of meteorological stations in Urumqi City



45 4 3] E WM T 50 4R 1 8 R T 117 A FH RE Y U5 I 53 25 4k 43 445
—2010 4F % H H BB 5O 5 & KR 57 a5 % H K BH & A K PFHIRE (rad)
RS TERMIE T 0 BT B R SR T H IR A BORT K BH A R s—o. 409%(7]71 39) 0
365

S BT a5 AR L . B 9T T G BOEE R S R SR T
1:50000 HbHEAE BEHE B s <2 (E Bop o it

1.2 KEZEHITERE

FriE I 9 MR R B AL B ARFF I A K
FH A S UL 5L, FL A 8 A Bl 1) oK BH R 5
A dr AR, B ET . B AN G OR R AR
SRR T A 2R (XIBTE 55,2009 30/
A5 .2008 s B 52 4, 2008 ; 5% H 8 4%, 20105 B4 AR 4%
20105458 45 &5, 20035 FE 445, 2009; 5k & 95 4¢
19995 5K 1L 25, 2005 ; ¥R {iE ¥ 45 . 20100 W A BF 58 R
BT R SCER S sk T H

Q (a + b, )Qo

KHrsa, f o, K EHHELQ S H K B S5 5 (.

fi:MJ em? «d).Qu A HKICHF CHFAL.M] -

“2edH,
1440

@)

m

Qo I(;‘o[a)()slngosln3+ Cosgocosé‘smw()]

(2)
2,

I, yﬂj(l‘ﬂﬁﬁ[» I, =0. 0820 (i{ﬁ: M]J
min ') s p S H AR X R 25 0 31 4L

p=1+40. OSSCOS(,%GSJ)

e m

(3

JRITAEAE~FETHATF. LA 1 HR L BEE
il 1 5] 365 8% 366 ;w0 4 H ¥ £ (rad)

wo = arccos[ — tangtand | (5)
o NERFE (rad) sn PR H BB AL (LA h) s N Oy
e K AT RE H BB G ()

N = 2*4600
n

n/N Jy HBH 5% 5a, F b, Ry Bl R SCAR LA K BH 2R
SR A e 2 = R S oM TN U N R R R T A S B2
55 Z40n] LAR] s B AR R 20 2L (FAO) #E7E
a,=0.25,b,=0.50(Allen et al,1998). A& #f35 LA
L& ARFFuE 1961—2010 44 H 1 H R BH &8 5 5
DAL 5[] 30 R S8 3 22 Lo AR Oy IR A8 L DL SEEBR H RR
BHE S AT B B LU CH BBA 2 3O A A8 & JE it
BN EMA S ANAER R o M HGRD,
& HEH 5 BB S A R EL R ¥R 0. 4478, F {H Y
WAL T Fo o 00 3 MR IS . R TG R S 0 0 £ e
) 8 Aol 1961—2010 4F 1% H H MEHF E A % 1
N H A 0 a, o, fE, R X (1) ~ (6) 3f
F1961—20104F &0 i H K FH B 59T .8/ (3—
5 ) H(6—8 A) Fk(9—11 A) . & 12—2 A)H I
e FNAR N H R BH G S8 559 5K R B AT 355 4 2 A AR
1 PH SR 5

(6)

1 BEAFHEAZRNEH o b, EREFHKR
Table 1 Experiential coefficients a,, b, and their statistical tests for different months in Urumgqi Station
A4y 1 2 3 4 5 6 7 8 9 10 11 12
ay 0.2853 0.2276 0.2341 0.2020 0. 2694 0. 3057 0. 2875 0.2794 0. 3409 0.1625 0.2022 0.2619
by 0.4331 0. 5518 0. 4985 0.5118 0. 3969 0. 3308 0. 3491 0. 3919 0. 3418 0.6297 0.5981 0. 4501
R 0.7695 0.7833 0.7798 0.7566 0. 5866 0.6144 0.5539 0. 4886 0.4478 0.6999 0. 8224 0.7544
F 68,2447 74.6348 72.0478 63.9912 24.6596 28.4948 20.7976 14.7398 11.7886 45.1213 98.4178 57.8458

1.3 APHEERBLEUEBRRESTAE

53 3 FH 4 PE 5 1) % Fl Mann-Kendall 3 (LR
i ik M-KO XF 5 & R 55 1961—2010 4 Y 2= F1 4%
H RIS $ K BH S A 28 A i 3 58 72

SRR BEAT 2 BT
FURG I ELAA 7 v L SCHR (52 30 45, 20105 81 R T,

2007) ,
1.4 KPMAEFRE(NMEHZ=EBEZRER

G 3 R B O AR 1R K PH B 9 T M A kA 1 1 G B
AR 5 R TR A5 978 (L9 CRID e 4% 1 A 400 0 3% 22 P 47D
GEZR 55,2010 #E SR AR 45, 2003 5 ¥ G5, 2003 5 42 7
AL 20115 i 2= W 45, 2007 5 3K 11 55, 20115 42 %2
42010 W24, 2011 ; FRIELE, 201 D) dEfT 13 &
AT U2 ARE H OB 2, K PR SRR SR 100 m X
100 m W%E’J**fﬁm [EGHIER I = R/
= pQAs@:h) ¢ D)
X, P%ﬂm*%u@aﬂ@ﬁj‘%& X H R S A A%
BEADE 5 p (X s oo h) g 22 0 3t T IR 1 5% W) (4 1 2 A48



446 A

% 939 %

H R 5, R B S 1) B A DL, T = 48—k
AT A AL R s (R 655, 20035 4 3K KUAF, 20115 5t
ZUESE 2007 ;5K INIE 45,2011 s 22 446, 20105 3 5%
85,2011 EMIESF 201D
pPQs@sh) = by +biA+ b0+ bsh+bidp +bsph +
bsAh 4 by A" + byg® + boh? ®
KA MR SO R s o RS AT A B b
oA A 2 AR B (100 m) by ~by KT E R
. e KR ER/INHLIE B R Rl AL B 2EO6) DY 2 FN AR H
HECES) 00 K BH 088 B ) 2 o), s BR R B 22 00, |y
AR &2 2% . 2] H B8 18 A A A 4 1
LA s — iR SR U B B A i (IDW) A 4% bR B
2 (Spline) F1 7% L% 1 (Kriging) ¥F 17 1 (18 & (3
HEAE 20035 475 RUEE, 20115 3 25 W6 45, 2007 5 3K 111 37
A5 ,2011 3 282245, 2010 3 52 81 45, 2011 5 F I 45,
2011) , 2 %F IR 56, S BE B A RB 08 5 A b A R
B K 55T B 2% 22 R Y Ry 1 2R B8 IR 2 % H IR 2
K B 8 S 3k 2 T ) 5 ) A (AR RO B80T . IR
B TIIASL 3 1) e AR SEUAEL Ay iy 2 1 5 — a2 L BB
R S SR B AT S A R R R =z K e
AL 1 Bt A B A 3 i i )N o AE AR R AR A 1A
e, DU B A SRR (B R R A5 A B B8 O A
T 370 (B BE 2 0 3R AR 5 T A A A K LT R
SRR R R L U

e = 2;/261 (9

e S H BRI B Bl K BH L B S % 22 T A A% A
BEAE s n g FH TR A SR I 35 2 B H se
550 ARG H R ERE R BH R B Y S PR gk 2
(B s B 3% SE PR B R 250k K BH A 6 5 3 i 7 W
b B PR -1 = 4 O B B 2 25 R
d; RAEAE WA S5 5T ¢ ARGl A TR KR R
Bk SR B R L B A o U O 2 4 6 IR 25 B
INSARBFGEEL k=3,

A R T AR ArcGis 9.3 P& E 58T
1:50000 05 & FE A A (DEM) % (19 13 8 K 55 17
100 m>100 m A& i) DU 2R F14E H HE B 40, K BH B4
S 1961-—2000 45 F- 35 {8 (14 4l 4k 23 A XA 4L

1.5 AMHBERBEREZANEELENTEST HEM
7k

XEFEIE 50 4F e A SR B B R LR IR A 4

{ELIE » 73 900 G AL R G AL I 1) 22 4F- 1 B 2E A7 4%
A0 A AL 7 5 A2 Ji 1A A A 500 il 2 22 i 11 »
RIVRT AT 9 A S A i 3R A A A 14 s ] 23 A 2
M.

2 H5Rorhr

2.1 XKMHBGEREHNZES

2.1.1 whAes B R Hos B oA

LR TG BB IR F 5 AR S 4 A AN B
BEPURE H B s [ o A (& 2) k& 7 OBKR H
PRI AR R BT 2, (L X A7 [ oy A Ak Ry . 1
P 600 m LLT [ Jb 357 JE R A2 1 08 IR 45 3 U
TEMRE M, 5 T RSP R 2 RS H BRI 4
B2 5y 930~990 Fl 680~700 hi [n] /g ] 7k »
Wi 2 PR B B B T EORE G 80 L T R 600
~ 1500 (4 111 i AR P S AR 1L DA R AR S ) S
B AR R PO e 75 M B Bk R HORR B0 R
780~930 F1 620~680 h; 1500 m LA I [ 9 . & 1l
H BRI $ 0, 0 3 A 680~ 780 F1 590~620 h,
A7 H R B 25 ) 4 A AR 4R 2800 m LAR 5
BORKEAL R R IR £ 1L X7 1 43 A7 A%
Jay s Hodr, 4R 600 m DLR 19 d6 &R F B A 800 ~
850 h,600~1500 m Y 1L Fif {4 F J5 A L s DL R
B mE AR & IR PR Wk A b A7 Sl 720 ~ 800 h, 1500 ~
2800 m [y L AT H BB >, O 685 ~
720 h{H 2800 m LA I i FE MY AR ZE s TR
R H A R 2 2 3,0 720~850 h,
AR IR BB RS B B B B2 A A% Ry 5
FERZE s A SR 2B IL X 2 57 7
5o AU A7 1 B R 7 A FR RS R E 1Y 5E
RS R (B 22 3025, 2006) , H BRI B 2, —
AT 400~440 h 1] B ) AR 5 B AR B Y b
TF H BRI EGZ B £ L 47 600~1500 m (g 1 A 5
RV JERUIG 1L DL R S 55 08 2 IR SRUBE 25 iy ofy 4 %
H BB %0k 440 ~500 h; 1500~ 2800 m 9 . & 1L
Ml 500~554 h,fH 2800 m LI I ZE A H IR
Bt 0 SO A U /D, R 440~480 h,

S04 ZE H ORI S E] A3 A Y 3R] 5 5 oK
FE AR H BRI ERY 23 (8] 3 A (&L 200 SR 2 3L i



5 439 FWEAMEAE T 50 4 15 & A FF 115 K FH RE BT IR I 25 A8 A AT 447

2, WX s K301 (6] ke 25 b 7 22, VG 38707 1R 4 5 B R AR H BBEECH 2600~2700 h, 88453 £ 5 530
B R L X AFE H R B — 8 /N F 2600 h, HH, 11 ] i 25 Hb s AR 1000 m DL (9 s 3 S T ik
WP 1700 m DA E A @& s AS 2 2500 b 1l 2700~3100 h, 24T 4 H B B 2 09 X 38

PNILTA]

45°N

4. H AR/

44 ]
0 6 5

B

43

87 88 89°F 87 88 89°F

2 1961—2010 F B EAFFHH (a) . H (b) Bk (o) (D FAF (e) H AT E 4011
Fig. 2 Distributions of sunshine hours in spring (a), summer (b), autumn (c¢), winter (d)

and year (e) in Urumgqi City during 1961—2010
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Fig. 6 Changes of spring, summer, autumn, winter and annual solar radiation (a—e)
and the Mann-Kendall test (f—j) in Urumgqi City during 1961—2010
(UF is the sequence characberistic curve of Mann-Kendall, UB is the reverse

characteristic curve of Mann-Kendall)
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Fig. 7 Spatial distributions of autumn (a), winter (b) and annual (¢) solar radiation

before and after the 1984 abrupt changes in Urumgi City during 1961 —2010
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