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Abstract Based on the Angstrom-Prescott ( A-P) equation and sunshine duration data of 122 national
meteorological observation stations in Shandong, the daily total solar radiation is estimated, and the error
and spatial differences in Shandong are discussed by comparing it with ECMWF ( European Centre for
Medium-Range Weather Forecasts) Reanalysis v5 ( ERAS5) data and Himawari-8 satellite radiation
product after system deviation correction. The results are as follows. (1) The corrected total solar
radiation of Himawari-8 satellite has the smallest error with the observations, and the error is stable under
different weather conditions. The error between the total solar radiation estimated by the A-P equation and

the observations is close to that between ERAS and the observations, and the error of the two sets of data
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is larger as more cloud covers. The A-P equation estimate performs well on sunny days, while ERAS data

performs well on cloudy days. (2) Compared with the total solar radiation distribution of Himawari-8

satellite, the A-P equation estimate is mainly lower in the west of Shandong, and generally lower in the

whole province in summer. The total solar radiation of ERA5 data is usually higher in the low-value area

and lower in the high-value area, and it is obviously higher in Weihai. (3) For the total solar radiation in

Shandong, the accuracy of Himawari-8 satellite data is the highest.
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Table 1 Empirical coefficients of A-P equation of three radiation
stations in different months from March 2017 to February 2022
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WIS R FREMAREAR BEREZB RN
a b a b a b

3 0.220  0.485 0.217 0.495 0.232 0.484
4 0.166  0.568 0.148 0.598 0.178 0.558
5 0.204  0.548 0.200  0.558 0.232 0.505
6 0.201 0.522 0.201 0.516 0.222 0.463
7 0.226  0.455 0.227 0.444 0.218 0.445
8 0.185 0.501 0.179  0.539 0.220 0.512
9 0.208  0.520 0.189  0.562 0.210 0.533
10 0.241 0.475 0.203 0.549 0.257 0.460
11 0.211 0.496 0.203 0.532 0.244 0.467
12 0.231 0.455 0.184  0.520 0.233 0.478
1 0.255 0.412 0.196  0.494 0.242 0.481
2 0.225 0.474 0.163 0.584 0.230 0.503

58 H Y R 20 28 90 ARAR RS HE gt
SEHG 3 ANl S ARG — A-P 25N RS H
R BH A SR 22 A L, SR AR R [ A RS [ H
By ST A-P 22360 204G B 14 R BH B 5 5
WEWR (£ 2) . WA, FIHABFGR iE H A-P A Al
2017 4F 3 H—2018 4F 2 A Ay A K BH B 55 0
MY RMSE £ 18.44 MJ-m™2 1l £ A~ Br2:0 Fi) 1]
1992—2015 4 H 4 s 7 iFZ H A-P A&
2016 4F H K FH &4 51 5 W0 i) RMSE 2424 19.73
MJ-m™ %t H R BAS I 55 R AS [ H 6 B 8ol &
B A-P 2565 X B A o i A 8 10 2R b XA P AR
RS, WEHEMNE, T HEIEEL M A-P A
Z H B E R R (LR R b AR, HH
B T ARG IR AR Al ]9 5 R R T

A A1) T, 256 280 B R E 28 /R H
SRS S R SRS HU A Y G R e, B H IR 2
AR R AT B 200 R BT REBE 230, LA
FUWHRTE , 2 BRI R AR, 5 5 3 A Sk = )

H B ET 703 0 B R DG 880, BB SR s ) 29 2l
(4 A-P Z2E XA izl s a4 50, RS
S AR A B DXCSURR R (TS )~ B X 175 B
AR AR LU AR SRR, & PG L B R S
DX R PG BB 5 g il AR S PR, 5 B M R B P A
e 1 DX F) ZR RO 5 2 Bl R OGP, DX RHAIE il
TR AR, B S IR 122 AN R L
uhif A-P A R H IR R AL S A5 2
F i i 1 HOKBHBR ST
£2 TR A-PEBAKXEERKEDES
S5WMENRESH

Table 2 Error analysis between total solar radiation estimated

by different A-P empirical equations and observations
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Fig.1 Scatter plot of ERAS5 daily total solar radiation before/after correction and observations,

and deviation of daily solar radiation between ERAS data and observations
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Fig.2 The same as Fig.1, but for Himawari-8 satellite data
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Table 3  Comparative analysis between daily total solar radiation from different data sources and observations

at three radiation stations under different cloud conditions from March 2017 to February 2022
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Fig.3 Climatological distribution of daily total solar radiation from A-P equation, ERAS data and
Himawari-8 satellite in 4 seasons from March 2017 to February 2022
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Fig.4 Difference of climatological distribution of daily total solar radiation from in 4 seasons
from March 2017 to February 2022
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