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Abstract

Using the Mann-Kendall mutation test, Morlet wavelet analysis, correlation analysis, linear trend
regression methods, the variations of solar radiation in Kunming from China daily radiation data
are analyzed during 1970~2011. The whole tendency of annual change of solar radiation in 41
years is rising, with the trend approximately 12.924 M]J-m-2/a. The periods before 1991, the solar
radiation value showed a downward trend, and after that, the solar radiation value showed a clear
upward trend, which indicated that the solar radiation experienced from “darkening” to “brigh-
tening” process in Kunming. Solar radiation increased rapidly in 1991~1994 at a growth rate of
446.38 M]-m-2/a. The mutation of solar radiation occurs around 1981, and the mutation of solar
radiation occurs around 1981, and the amount of radiation exists in a primary period of 20 years
and a sub-cycle of quasi-6 years. The conclusions are useful for the references of the solar radia-
tion changes’ trends and the utilization of clean energy in Kunming in the past 40 years.
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1. 51§

Mgk AU I AR R A e 5 A PR B AT 4 Rl R T i IR BT A, MR 4K 2 BRe ok B TOKFH,
T BR (1) #4555k K BH 00585 B8 AH EL 2R AT DAZZBE AN TE o MO BROK A B S K PRAR S B A A f AR 4L, 5
e i KB e T RE AL 381 22/ S0 e B DDA O, Lmﬁmmwﬁﬁiwﬁﬁﬁmﬁ$I% TEHIIR—K S
FGEXF AR BRAR S WIS, KA R 20%, HUERE T IR I ZI N 50% [1]. FEHBER RS 5K 4R
S KIS AR /I, T 380k b TR 1 PH 4 5 R 1 AR e U K LW@%%%%IEEIEWWﬂﬂ
WA, X5KREES. i BK SEREEEEVINEER2].

AR FCHE A E SR S SRR A, &5 T A BIm i R, RIATIE f b BR
P A8 5 B AR IS A FE o V2 A A5 R P G b X S A B R T 7 M T A O 8 S K AR AR R, 4R HY
M 1961~2007 FiZ XSRS IR 2 Py T “HERE” o AR L ARSI “RITE T 4 AN B3],
FF HZERTIT 50 A7k (5] 3 Ti OK PR S A8 B 2 (8] 40 A A 4 . R0 E 1960~1990 4 2 T RFi& s, 1
1990 4F i Ji5 % H i K PH AR ST TF RGBT b TH[4]. YANG 2550} b [B SR 5 A b 34 TIEF, =5 & R
PEALHE X (1 (1 KBRS B R I T8 TR JS BT [5]. MR S5 40T Bt BH 7 K BH e g S AR AR AE
fath 1961~1986 o4 2R N, 25 REWR, 1986~2015 Fufaht 8% FIHEss, Bk
BRI EE 6] HWAEA—FERH AN A P75 R A DSRM-C 8 5 R R IR E
FH X E H SRS R TR, BE 1981~2014 4K MH AR & 2SR TS B, RICRPERHLIX
MRS RS TR, Vb X RS RSN, A DO JE B AR 7] BR AP ARSEXT I )14 K PR AR S
SIAT R I8 s SR S s ST B T U] 52 2 T B i e TP AR R AR A KRR, 228 7 X A S I B (1] 28 A
FTRERE BT, DN SR A AN K, A58 T EES . 20 tHaD 70 FEARDY I RHES 7 XORKBH B 48
SRIERE, 7R JEIEAZ BR8],
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BRI 52, W7 BA M 3R KB 2 48 5 = AR LR R e 34, AMUE BT T R X 35
SAEARAC AR, 38 AT DLIE I 5 S A AR AR 0 TR A T 120 XK SR R B R AR 05, NERFE T
BRI . B CLERFRBUIR, XHFAE SRR LR “HEW7 BUHKKBHAEN 2 E AL B
Stre PR, ARSI S BBZIX 1970~2011 S5 A BAARST B4, 1) B B2 B 1 X A BH A A S5F ey sk )
AR AASAE Je H ARk AT e 52 R 2R
2. BEEABMHARGE
2.1. RXEEDR FEE SRR

B EBHTA T oA RIEE, bntvmidd, & “FIW7 236%, LR &R L2
RS, SR 16.5°C, BAERKEL 1031 XK. BRI NT. BHZE. 5~10 A NRZE, BK
B AEER 85%L A 11 HREIRGE 4 ARNTZ, BKEN EHSER 15%LEH 8 H B RS,
PEOCIEEL 1970~2011 2= B4 B Wk AE 5 BB, A SC 3 A4 A B3 H o 58 5 = 400

22. ARFZE

AICRHAES G 387 VE ) M-K RS 3668 K PR S AT R AR 56, SR A Morlet /N Ji 391 73-#r
X KRR BEAT F AR A O A, TR IE SR T ek (BT V3 EAT ek SUL e AR 0 #r 9] [10] [11]6

3. BERSH
3.1. FETHFE

B E B 1970~2011 “F R BAFES AR AE S B 1T, X 41 A RDRBHAR ek &2
THEH , FRARSHR K 3N 129.24 MI'm/10a. KPHAGESHETE 1974 SR ARE 4730.94 MIm 2,
E 1994 4NN IR 6152.56 MI'm 2o X 5 XUHSE AR 78 B IHLIX 46 £ PSR FAHEs, KR
FRST T S SR Wb X T BT — 2 12]. 1974~1984 EIIE] A PH S5 N shig K, 2 54 1991
RN, TEF) 41 FER ARG 4813.42 MIm >, 1981~1999 £EMIA] K FH S A& SR shEOR, Hid 1991
£ 1994 4E KR SRS HOE ISR, BN 446.38 MI'm Y/a, 1994 4EKBHEFESHE N 6152.56 MI'm %,
IH, BARSEAE 1991 2 JEdetlol BT S s de R iR B, X 5K HAR I AR & —, 1
1990 FHi 5, KPFHMESAAERBIGR, W2 KRGS “A8m” 2“2 Mt FE(3] [4] (5] [6]
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Figure 1. Annual changes and trend of total solar radiation in Kunming, Yunnan
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3.2. FHEAFHE

1 1970~2011 48] DU 2% K BH A 8 59 41 AR AL B (1) 2)FiE H AR (] 3)rTBAE BB R IXCOK B
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Figure 2. Annual changes and trends of total solar radiation in four seasons in Kunming, Yunnan
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Figure 3. Monthly changes of total solar radiation in Kunming, Yunnan
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Figure 4. Mann-Kendall mutation detection of total solar radiation in Kunming, Yunnan
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Figure 5. Real contour map (left) and wave-wave variance chart (right) of total solar radiation wavelet coefficient in Kunming,
Yunnan
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