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Abstract

Based on the total solar radiation and sunshine hours data from 1961 to 2016, this paper studies
the temporal and spatial variation characteristics of solar radiation in Central China by using trend
analysis methods. The results show that: (1) The annual total solar radiation in Central China showed
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a significant downward trend from 1961 to 2016. The multi-year average value is 4338.26 MJ/m?,
the maximum value is 4600.00 MJ/m? in 1966, and the minimum value is 4250.00 M]J/m? in 2014.
In the four seasons, except for the insignificant upward trend in spring, the total solar radiation showed
a significant downward trend in other seasons (p < 0.05). (2) The distribution characteristics of
annual and seasonal total solar radiation in Central China are decreasing from northeast to south-
west. The average annual total solar radiation is 3446.12~5326.83 MJ/m?, and Jiyuan and Jiaozuo
in the north of central China are the areas with the maximum area. Moreover, Enshi and Xiangxi
Tujia and Miao Autonomous Prefecture are the smallest areas. The distribution of total solar radia-
tion in the four seasons varies greatly. For example, the relatively low value area (657.00~1063.00
M]J/m?2) in spring is the largest. The maximum value area in autumn moves southward to Yongzhou
City, the southern end of Central China, and the relatively highest value area in winter is the widest
in the four seasons.

Keywords

Central China, Total Solar Radiation, Spatial and Temporal Variation, Variation Trend

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

R PBHAR SRR BE I RIS,  BUAHBRIRPREES R 2 DRI A0, KR EFRRS. K
TEVIAKNE DL BRIR A S IR IR G R 2 R 1] Ik, SBriludl ke SRR T RAWIE K,
Al RIS FAE IR . NFSATIERKRE. REE. ARH RS S B NIE T 1] AR BT

AT 5 A B 2 S 5 B RAT ) B b o AT S A 0 B BB A IR S o AT 258 IR A E 62 AN AU
1986~2015 1% H KB S AR S HE A S, DU e 3R EDE 30 F K BH AR ST I 25 204, RIIE 30 k3K
[ KB A e B S AR R E 3309.00~7580.00 MI/m?,  HuIsis s R BN P i 4K [2]. XA 7. R0k
A PEAEHLIX 1961~2008 4 27 AMES RS 1958~2008 4 163 N Gk Bk LU FE 2% 3 (1 V2 0E ik
PUAEHB X KB g B8 5 K BEERE I8 7y, s b X i K HRE RV i &, T IX ik, Rif &
VG 0 TR B Z MR 3] TIERRE R 7, TN R A L AT an A0S A R DX IO B AR S B 2 AR AR AE
HEAT SRS, A IR B DT 43 b X OK BH s B S A R AE D 0.10~17.80 MI/m? f#a%4[4]. [RIEE, PhFg
Hh X G025 P SR A 22 R 2B 1961~2000 4 H IR KA 4R 3 RhiE i K BH S48 3 v 5 A 2 54
B OKPH R 0, 43 2 B X K B e A S R B2 o AR AR AT RE R[S ] TSR Wb, TR =
BITTERE X, REH KT IFE6]. XA BEEE[7] L BT ZR 26815 AR F X /e W1k S /g =44
R BHERST AT FE, I 48 X PR S A SR 3 R I R B T [ 2840 R B a3, (R R PR T A4 KR
TR A AN T D X

AR 1961~2016 4 56 A4 [E 114 MRS K 814 A~ H BRSGIE H ZORE, X2 5 A 8 il B 4k 4y
AT R4 (A rp b X R PR %R S B 2SR A AT 5O R G VERM I 5T, H8 il LA A vl XK BH 5 5 B 2= A8 Ak
FRRIE, 3 K B e B3R AT Rt A Boadt— A5 0 i 5 ) F B L AR s o0 A S

2. FERASE
REGEIE R T E AR S HIR M . SR A E 114 ANE S5 S 1961~2016 it 56 4535 H AFH &4
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ERDA e

FRi B, IR A 819 AN H BREL 1961~2016 3% H H RN 2Bkt PR G R IE T b 38 2 A s
ZM o FEHBER A (A HE = R 90 m 7 # e e b XS AR B A VIR I, A ArcGIS #E4T 5 S U e
FATE TR RIS RF WD IHER TR NEFG~S H). ZF6~8 H). *KFO~11 A). &
(12 A~ 2 A, MBS FHHEREB S IOIFTHESE. TR E, [FNFH Mann-Kendall
KX AE L DU M-K 3 R B PRI, T AR I 2 25 R

2.1. KPHE5EST

H T P S 3 A s DB v A R PR SR TR 3 A UMk 2 T SR v SRR SRR 2 A L Y
[9]. F7E 20 20 60 4EAR, e K REAE SO I A BH e 4 5 0 s B AT I IR P 20 238 50 R 1 HH R IEDK PH S B <
AR AN[10], ZJ5A EREEME TR 2 A, Dbz 7 RE RS A2 A
[11]e ASCRA A NHR R T2 3[12]:

0=0,(a+bS))
b 9 WKBHESES, O WIS, av b NERFRE, S WHEADFE.
2.2. RICESH
RICEEGHEARZ K THIR AR5 R EFHOR RS A (8], it A K y:

TI
0, = ~ %-(, singsin & +cospcos Ssinw, )

ﬁ*:g%ﬁiﬁ%,rﬁ—%mwm@,ﬁgﬁaﬂﬁEWEgﬁ,%ﬁxmﬁﬁm=mmwma
o, NI, o UL (rad), & HKFHREi(rad).

o B TSR e TR FUHBBR BT TE R M. AHAREE % FLi fr, BLH ST AT,
2.2.1. HMtEEESITIERE

Lz =1.00011+0.034221cos & +0.00128sin &+ 0.000719 cos 28 + 0.000077 sin 26
e

2.2.2. KRS
A NEHER AT R SCAE R, s @t R A G E13]:
S =0.006918—0.399912 cos & +0.070257 sin @ — 0.006758 cos 20 + 0.000908 sin 26

7E HHEE 25T 1E REUSCRBH AR S 15 =0, 9:3%(N—1)0 Hrp N Fon HITEAE N HES R 5,
H1H1HNIL FEZE 12 A31 HA365 HEEZE 12 A 31 HH366.

2.2.3. HEHHE
MEEZEONE T HENARE AR

o, =arccos(—tan g tan &)
23. HRES®

H
S =
HO

b HOUSERRE IR B, H KB AT I [A] o
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3. X K FH 2 RS B S AL AFE
3.1. KAREHEERESTRBEGTE

R K LK 24 DMEESTE 1961~2016 H23% H K FIHOKFHSFES O 2 H /KPR S ST
Qo VAR HIE M2 S GOkl XORBH SRS DL s 3yl H TG, 15 24 DAL 15
av b, MRRE R KAHXRZE RE. IR LA X Erp N 3 A EEIW (B 5,
il BHE, N FME), DLEMMRERMTT e, AHRE Randk 1.

(1) a- b ¥JET 0.05 BE K

(2) EAMXREBARIEARTLE 0.5 2 o o 7. 8 B AM K RENS H BUFHEALT 0.7 LULE. 1
1~2 AK 11~12 AR RECEAAERIFAT 05 2K, JRHUL 1 AR 12 AREMKRBEALE
0.15~0.49 Z |8, %A+, HFr 5 AR REER AN 080197, HE 1 AMKRREUNE 0.1673, XUt
ALY LE R G A28 K H R S I S8R 2 I A, (R A A4 T 5 0 E mT 42 32 Y L Y

() MXHRELKZHAE 0.1 2 F. Hh 6~8 HMXTIRZ R/, FEALEFLE 0.05~0.08 217, 1~2 A
5 11~12 A BRI RZE R, (B EEAR LT 0.14 LR AVAFE & 2 A AHXTiRZE N 0.1438 Bkt 0.14,
BB IRZE 0.1559 BERGELE 0.15. B ICHLIHRZELE 0.15 2 NN EZRE, 7£0.1 2 FANRIIRE
FE, XERPHRE 12 HS5 11~12 HHXRE0.14 75 12 M AR, BHBAEPLT 20 E N .

gr ERTR, 18 AR R BLADL R B S g o v] DL 21

Table 1. Empirical coefficients @ and b in the calculation formula of monthly total solar radiation at 3 stations such as Jinan

1. FEEF 3 NEEA XSRS EARNPHNER R o, b

i Y 1A 2 A 3H 4 H 5H 6 H
a 0.1866 0.1640 0.1297 0.0898 0.0753 0.1303
b 0.4314 0.4662 0.5398 0.6012 0.6409 0.5600

]

R 0.5258 0.5943 0.7121 0.7594 0.8019 0.7418
RE 0.0759 0.0872 0.0617 0.0613 0.0619 0.0650
a 0.2513 0.1847 0.1164 0.0876 0.0932 0.1165
L b 0.1565 0.2540 0.3915 0.4973 0.5160 0.5103
e R 0.1673 0.2422 0.4313 0.5451 0.5796 0.5924
RE 0.1116 0.1559 0.1201 0.0995 0.0925 0.0874
a 0.2077 0.1673 0.1017 0.1162 0.1209 0.1574
B b 0.2770 0.3408 0.4620 0.4716 0.5205 0.4363
. R 0.2633 0.3395 0.4529 0.5462 0.6191 0.5228
RE 0.0929 0.1438 0.0999 0.0902 0.0611 0.0560

3 R 7H 8 A 9 H 10 A 11 A 124
a 0.1410 0.1424 0.1492 0.1433 0.1680 0.1874
- b 0.5104 0.5018 0.5053 0.5221 0.4871 0.4366
R 0.7330 0.7235 0.6853 0.6915 0.5957 0.4811
RE 0.0729 0.0706 0.0777 0.0630 0.0618 0.0924
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a 0.1396 0.1389 0.1172 0.1233 0.1882 0.2459

. b 0.5080 0.5049 0.4712 0.4363 0.3178 0.1848
H&=

R 0.6584 0.6660 0.5493 0.4567 0.3893 0.1843

RE 0.0949 0.0803 0.1088 0.1124 0.1244 0.1278

a 0.1598 0.1875 0.1870 0.1748 0.2226 0.2014

e b 0.5196 0.4768 0.4521 0.4495 0.3294 0.3526
=

R 0.6974 0.6820 0.5995 0.5592 0.4144 0.3362

RE 0.0583 0.0504 0.0477 0.0691 0.0958 0.1139

3.2. X KRR RS R A1 L 24

18 FIK PR SR A RS 1961~2016 454 [EKBA SR IZ A 8 5, SRECHE b X P 55 i i If

HEATAE . DY 2 A1 35 X B G S e 1) AR A0 (1 A 56 3 #T
3.2.1. feduit X 5K PR B SRS BERT 1B B2 4L 3 4R

1 9 1961~2016 474 ot [X 4 K FH S A S Bl N () 220 1], |1 1 A%, 1961~2016 4 56 4[] 4
DX PR A B s A I I T 38 A B Ak B2 I R B 34 (p < 0.05) . HLHE rbtl DX DR H US4 S5 1R U A 7]
N—26.86 MJ/m?/10a, X3 M HEH i [X 4 K B s a5 AR 0 R .

SR XORPH SRS 2 T R, HORBH SR B 56 4F B KT 4200.00 MI/m?, 1961~2016
] M rh i XK BH SRR ST M 4388.26 MI/m?2, 46k 2 HUAE K FH A SHE A2 T 4300.00~4500.00
MI/m?, FH7E 1966 H35 Fl i K H 4600.00 MI/m?, H.H 1971 42 J5 5= K BH A 58 565 H 0 45 1) R Pk 34,
HE 2014 FEFHE A ZE &/ 4250.00 MI/m?, X 32 B 4 rpth OB AA K BH AR S S IR i & o
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Figure 1. Variation of annual total solar radiation with time in Central China (1961~2016)

B 1. e XEFE KRS 5ESBER B 1L (1961~2016)

3.2.2. Herpith X PUZEK BH ARSI RS ) B 4L S 4

DN SEAREL M S 1 X DU 2R B SR SN AR ka3, 2] DU 2 K FH A 8 S B N TR) 22 AR JB (F 2~5)
PAEZAR (15 2) 0, FRBH S AE S BE I R 2R DU AR ETHESS . AR R AF 1.38
MJ/m%10a, M-K % BRI a Rt A@id 0.05 BEMERL, X 5HEFERMA LML 56 FARM A
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Figure 2. Variation of spring total solar radiation with time in Central China (1961~2016)
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Figure 3. Variation of summer total solar radiation with time in Central China (1961~2016)
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Figure 4. Variation of autumn total solar radiation with time in Central China (1961~2016)
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Figure 5. Variation of winter total solar radiation with time in Central China (1961~2016)

[ 5. fehihX & ZFKHR BT EEK(1961~2016)

HE 40 B 5 WAL K B FRREUR RN T RS, XRYIK, 2 ZFREEN B2VE T
R R PR Rl T H 2. [, AP 56 48 2= N SR S AR TR N T H 28, KA
4 85.00 MI/m?, AZE{UN 33.00 MI/m? AVUZER/N . IXRPIHEH XK, &P KIH S5 AL 2 A
WP BN E .
3.3. ferh X4t X KPR B AR5 S B AL AHE

A r i [X 2% 1 25 A e 2 ) e b DXOR B B R A R AR AL B (15 6) 31T 5 AL 24K 70 #T o

ke 6 fiw, b X A KRN TR SRR R TRS, HFRIRL, ZFRAD N RIERRE .
Hr, 1 ARG SR>, (08 233.80 MI/m?, 1 2 5 KFH AR S BIF AR B EHIE 2 2 7 Hik 3 HK
HY 544.90 MJ/m?, fERERMH, AZ=(12 A~KE 2 )RS RHFNELRK, RN 5.6
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Figure 6. Variation of annual total solar radiation in Central China (1961~2016)
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Figure 7. Spatial distribution of annual total solar radiation in Central China
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76 ArcGIS H DARIIRE S i (i 9247 {8 il A rp b [X 4 R DU 2 K BH R AR S s T AR (B 7, 1 8)

AP 7 AT, e X 22 4 K PH S SR ST S 7E 3446.12 MI/m2 % 5326.83 MI/m?, HAEH /A )it
BRSO A ARIL TR IR . 2 4E K PH AR P38 i K O A IR FEAE . BT 2 S HhIX, X it
X A K FH SR 5P 38 (E 3748 31 5039.20 MJ/m? DA .

EUAM . TF SR ORABL X 17 P4 R 2 42 K BH A48 S P 3 (i — 208 b, 28 A v 176 g vty 1) S 1 SR 1
B RN TR TS LSO e B RN e A X, 24K B AR SHIK T 3696.88 MI/m?, 4R
SFRAREX .

H I 8 W1, DUZE2 AR BH SRR S AR O B ZR AL ) 78 R s R, (H& AR R, e &
TR IHE KT 1605.00 MJ/m? (i KA X AL F AR bR I5eIR . AEVERTT; FESHE /N T 1334.00 MI/m? (1)
Fpe/IME X A SR - S0 F R 15 VA M 18 R S A O I e SR e T R M R AN PR AL, AR A X S A A A3 A A
/R

T 525 K BH R SR S HIAE [X (656.00~1063.00 MI/m2)E T Z= by Bl ), AN 76 58 AN i [X 1)
RS AR U KR SE /N 2 B g e VA N . RIS T SRR B R M SRR R, AR
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