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Tab.1 Error analysis between measured and simulated sunshine hours
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# " 78 % A 52 73 % 4E
[l 0.25 0.22 0.31 0.05 0.32 7. 60 9.93 7.03 7.59 12. 25
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Sl 0.43 0. 36 0.55 0.14 0. 49 9.85 11. 80 9.71 10.13 13. 50
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Fig. 2 The difference of sunshine hours in Fig. 3 The difference of terrain roughness in
various topographic types various topographic types
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Fig. 4 Change trend of average sunshine hours from 1960 to 2010 in Chongqing
1 i

AR S OR R I E S P8 R TR Solar Analyst BRG] A S H AL L 455 DEM, o 5 H BT 20 %,
HESL T —FGE AR L T H R R0 s ] 005 AR A DL 4G SR A R B AR E L BE SRS W R WA [ A= S IXH
WRAE N AR AR i MO T S R R AL o AL AR TR E PR T AR 2 H B B F(E 2908 2. 66 his LR A6 5 X el i iy 5
g PR X s AK T 0 R DX ARG . A B BK L ACAR R BRI R H (B2 5 2,85 h,4.70 h,2.35 h,1.18 h,
BUURICHER b v & H IR B0k i o R R AR . BRAC AR AL TR S H IR i (B XL R B & P Ui o IR X . H IR
I} RS2 3 R 3 1) LA K A SE W5 v B R SR B R kL IR s ) 22 S R I

PATZ AR 25 [A] AL AL 25 2R O A, BEAT 100 m X100 m R0 )RR M IE T H IR I B0A i 28 A8 10 34 o0 #r 3%
i

B [REAE b AR DA KR TR AT H RN B0y B B — 5 AR R i 3 AR 2 B RN R0 £y 22 1] O
AU AL 80 AFAURTII 2 I T — W A e % . 75 3% H IR IR 4088 1 52 B WD 8 o i 4, (B R AR AR B AR
P25 S AR, 90 ARAUHH 1 2 2003 AR AT S A 76 W] 2 A 3G I 4 . B IR A 5 W] Bk sh ek b ke B Bk
2 H BN HOE ] R e e, 80 RN W Z IR A — E W I KO H . & 2R B IR BORE R 2 LB BaE s b
.



60 TR LA FRCH AR E RO %32 %

http://www. cqnuj. cn

25 VR b L AF DL K DU 2 1R sk 5078 A 347 2 T S 0 X3 2 S T vl G 5 X 3 i /0 s 9 s o W L Oy 4%
B/ o . & KR H RS F0E 0 280 L LL—0.1~—0. 05 h/10a il ., FFH
HEERE 458 f b 3 X 3 25 S P K5 A — 0. 05~0 h/10a Y H B> X 5 0~0. 05 h/10a By H B8 X 4 3, 48
Lyt DX 058 AR G B Sk . B 2 HRE S HR0 0 f A W s L — 0. 3~ —0. 2 h/10a /DN £ 0/ T AR b
AR ALER . Bk H BEATECLL 0~0. 05 h/10a AY1G ks 5 i B KL 20 A T A8 L A X4 s — 0. 05~0 h/10a
B H R A A DX 2 B A T DU L A R LA B AR G AT A i i IX R, &2 B RE RO B S AR S (A

AR 23 ] f SR AIE , A — 0. 1~ —0. 05 h/10a I/ %l £,

SE 3k

(1] Bt Wb W, i B3 25, 45 M8 0 1L 5 4% ) ot bl 4 53 3 & e
fEL)]. A 2524, 2011,31(22) :6766-6776.
Chen J.Chen B F,Pan Y J.et al. Characteristics of radiation
fluxes of an evergreen broad-leaved forest in Maofeng
Mountain, Guangzhou, China[]J]. Acta Ecologica Sinica,
2011,31(22):6766-6776.

(2] i B4R RAE 45 g i B, 2. kT GIS #9 3 PC i 15 4= O

AW B DRI LT ] AR LR B0 U5 3456, 2011, 20€6)
672-676.

Gao Y H,Chen Z J,Yang S Q,et al. Suitability regionaliza-
tion of ratoon sunshine and heat resources based on GIS of
Chonggqing[ J . Resources and Environment in the Yangtze
Basin, 2011,20(6) :672-676.

(3] AT, E 7%, 0 Jy i, 4. 36T 2 50 A 45 B 19 0 AR A o K

PR S e e BT B L) ] AR b s ) K% % 4k, 2011, 38(5)
53-58.
Wang Z,Wang F, Liu L Q,et al. Solar radiation model of
photovoltaic power station based on multiple regression a-
nalysis[J]. Journal of North China Electric Power Universi-
ty+2011,38(5) :53-58.

(4] ¥, WoHrik, 28 e, & &K OB T 30 E B IS 80 2
B34 L) ). A ARAL 22 EJ# , 2003,13(5) :545-548.

Zeng Y, Qiu X F, Miu Q L, et al. Rugged terrain of the
space can be distributed according to the time[ ]J]. Progress
in Natural Science,2003,13(5): 545-548.

(5] Z=%%, Bdj i, BT DEM 9 Ll b o] BeCAs a] i) 2 ] 53 A5 [T .
LR # 2 e  H24 W, 2007, 34(3) : 346-350.

Li J,Huang J F. Spatial distribution of duration of possible
sunshine based on DEM in mountain area[ ] ]. Journal of
Zhejiang University: Science Edition,2007,34(3) :346-350.

(6] ZiA 28 Jo, BBk, 5. 500w R AR 2 T B g
(] f i 2 2 A (], B2 A2 4. 2008, 19(2) 1 233-237.
Yuan S J,Miu Q L,Qiu X F,et al. The Spatial and tempo-
ral distribution of insolation duration over rugged terrains
in the Guizhou Plateaul J]. Journal of Applied Meteorologi-
cal Science,2008,19(2):233-237.

(7] & BF BR& %, m PR, 45, BT GIS AY 5 PRl IX 52 Br H
W () 25 (8] 0 A BE (). KGR o# . 2008, 28(5) :548-551.
Zha SP,Chen Z J,Gao Y H,et al. Research of spatial dis-

tribution of real sunshine hours based on GIS in Chongqing
[J]. Scientia Meteorologica Sinica,2008, 28(5) :548-551.
(8] Brde, ohFhu , Bedioi , 4. 25T DEM (9 L dth H He B £508E 4
A 2 R B —— LA e 50w 1 1T Sk v XA I LT . 1l o
#2.,2002,20(5) :559-563.
Chen H,Sun D F,Duan Z Q,et al. Sunshine hours modeling
and spa-temporal variation analysis based on DEM in
mountainous area— take mentougou mountain in west Bei-
jing as the example[J]. Journal of Mountain Science,2002,
20(5) :559-563.
(9] &7, B a0, E /B ST GIS 19 LU Hb 5 J8 Bk 450079 1o 25 43
A A AELT ). ARk T2 41, 2006, 22(7) : 108-113.
Li J,Huang J F,Wang X Z. Temporal and spatial distribu-
tion characteristics of sunshine duration based on GIS in
mountainous areas[ ] ]. Transactions of the CSAE, 2006, 22
(7):108-113.
L10] 4FH 42 dR i, 45, 3E 50 4F o [ b T AR AR {6 AR
BRAELT]. R4 2%, 2005,63(6) :942-952.
Ren G Y.Guo J.Xu M Z. et al. Climate changes of China’s
terrestrial over the past half century[]J]. Acta Meteorolog-
ica Sinica,2005,63(6):942-952.
(1] K. 58, FRE 4. “HOURLEE IR £y 42
PR HELT ], W IR A 24,2008, 30(7) : 10001004,
Zhou C Y, Yang X H,Li Y Q,et al. Changes in sunlight
duration in Lhasa, the “city of sunlight” []J]. Resources
Science,2008,30(7):1000-1004.
[12] #2230 % A2, 55, VEIK 35 47 H FR B 45000 A8 (LR AF K H
B R, B2 . 2007,62(5) : 2-4.
Du J,Bian D, Hu J, et al. Climatic change of sunshine du-
ration and its influencing factors over Tibet during the last
35 years[]]. Acta Geographica Sinica, 2007,62(5) :2-4.
(13 M7k X b4 S, %5 19562008 4F 1L 745 H i 4K
AR AELT ], 5 X WF5E.2010,27(6) : 885-891.
Yang D,Liu H M, Guo P P, et al. Characteristic on sun-
shine duration in Liaoning province during the period from
1956 to 2008[J]. Arid Zone Research, 2010,27(6):885-
891.
[14] LR AL SR AR IR 4R, 48 F4Em B R B 4500 4 fh 4
ELT . WAl . A SRR M. 2011,50(6) : 120-129.



Vol. 32 No. 5

Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn 61

Wu H Y,Du Y D,Pan W J. The change characteristics of
sunshine duration during the past 48 years in South China
[J]. Acta Scientiarum Naturalium Universitatis Sunyatse-

ni,2011,50(6):120-129.

59.
Chen Z J,Zha S P,Gao Y H,et al. Characters and rules of
the variation of sunlight radiation duration in Chongqing

[J]. Journal of Nantong University: Natural Science Edi-

[15] =gl 2R T4 PhER 55 L T 0 — TG 50 1) 1961 4R &
2006 4 P14 H BAR R AR BF S [T ], B2 AL 2%, 2011, 33
(5):1002-1009.

tion,2008,7(2) :55-59.

[17] Dubayah R,Dozier J,Davis W F. Topographic distribution
of clear sky radiation over the Konza Prairie, Kansas[]J].
Water Resources Research,1990,26(4) :679-690.

[18] Kumar L, Skidmore A K, Knowles E. Modeling topo-

LiJ J,Qing N S,Sun S L, et al. Analysis of variation in
sunshine duration in Sichuan province based on the homo-
geneity test [ J]. Resources Science, 2011, 33 (5): 1002-
1009.

[16] BRa&ZE & B F . m PRAE , S5 PCTI HHR R 18] 42 16 1 2
AR ). B R A AR BRI, 2008, 7(2) 1 55-

graphic variation in solar radiation in a GIS environment
[J]. International Journal of Geographical Information Sci-

ence,1997.11(5) :475-497.

Resources ; Enviroment and Ecology in Three Gorges Area

Simulation and Spatio-temporal Analysis of Sunshine in Southwest

Ecological Transition Zone: a Case Study in Chongqing

HE Zhiming', LI Yuechen®**, ZHANG Xiumei®

(1. Chongqing Geomatics Center, Chongqing 401121}
2. Research Institution of the Three Gorges Environment Remote Sensing; 3. Key Laboratory of GIS Application;
4. Chongqing Municipal Education Commission, Chongqing Normal University, Chongqing 400047, China)
Abstract: In this paper. Solar Analyst model was used to simulate sunshine in rugged terrains of Chongqing from 1960 to 2010. The
DEM and sunshine percentage of meteorological stations was also used in this model. It proved that the method has high stability.
Further, temporal and spatial analysis about change trend of sunshine duration was made. Research shows that: 1) Average annual
daily sunshine was highest in the northeastern area with the middle and West of Chongqing on its heels. Sunshine was highest in the
northeast and south of Chongqing in the spring and summer. In the fall and winter, there were higher sunshine in the northeast, the
sunshine was lower in the southeast and Midwest of Chongqing. The more complex terrain combined with the effects of slope, as-
pect and shade, the difference of sunshine is larger. 2) Average annual daily sunshine of Chongqing showed a certain linear decrea-
sing trend, and experienced a significant drop in early of the 1980s; in spring sunshine showed no obvious decreasing trend, but high
inter-decadal difference. Summer sunshine showed a fluctuated decreasing trend. Autumn sunshine had no obvious change trend.
Winter sunshine had the most stable decreasing trend than other seasons. 3) The trend of annual and seasonal daily sunshine of
Chongqing showed regional differences. And it decreased the most obviously in the western area. Autumn sunshine had a relatively
obvious increasing. and there was a same trend in the surrounding mountain areas in spring. In addition to spring., sunshine of
southeast and west had similar decreasing.

Key words: Chongqing; spatial simulation; sunshine; the spatial-temporal characteristics; Solar Analyst mode
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