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Performance evaluation of solar irradiance simulation over
Shandong using WRF-Solar numerical model
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Climate Center, Jinan 250031, China)

Abstract Based on the solar irradiation observational data at 3 stations in Fushan, Jinan and Juxian in
Shandong province, and by setting up five solar irradiation simulation schemes combining MODIS aerosol
optical thickness ( AOD550 nm) data in Shandong area, the simulation performance of WRF-Solar
numerical model is analyzed, which can be specially applied to solar resource assessment and applications
in different area, different time periods for sunny, cloudy and rainy days, and for months representative
of four seasons. The results show that the simulations of solar irradiation are best in sunny and partly
cloudy days, and not so good in cloudy and rainy days. The simulations are best in Autumn and Winter
when there are less cloudy and rainy days, the secondary is in Spring, and the worst in Summer. The
simulations of solar irradiation in sunny days and partly cloudy days are best while using the Rapid

Radiative Transfer Model for Global Circulation Models ( RRTMG) scheme for longwave and shortwave
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radiation, Grell 3D ensemble scheme for cumulus parametrization and the MODIS aerosol optical

thickness ( AOD550 nm) data in WRF-Solar numerical model being considered. The simulations of solar

irradiation in all days in months representative of four seasons, regardless of synoptic processes, are best

by using the new Goddard scheme for longwave and shortwave radiation, the Grell 3D ensemble scheme

for cumulus parametrization and the AOD550 nm data. The simulation effect of solar irradiation in sunny

days is improved by adding the AOD550 nm data, but the improvements are not obvious on cloudy and

rainy days in Autumn and Winter. In addition, the simulation effect of solar irradiation in low visibility

days is improved by adding the AOD550 nm data.
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Fig.1 Topography and distribution of solar radiation

observation stations in Shandong province

SCHE IR VB KRR R A R oo (T A 2 B
IR HISE 45 B = R, 58 H KR 0 mm
HE AT 3 U, 5 SO% H NG K ; 45 H K
N0 mm HEREZT 3 M, & Sz H K
MEH KR =0.1 mm HEAREEZTF 3 i, @ X
H AT R o AR M3 51 S8 125 K BH R S 0L
v B DU AR SR H I K B R R K. il T8
Sl A Sz BN R | 20 8 s i DA H kB
R SRR EAR T | km M {RAE WLJE

OF T R e e X2 p TI NI o M=M= N D E=Y (e J
fIRREDLEE H 43514 11 d.12 d 15 d, Hrp gl 4
% B EHE KENHNAE1d3d3d4d, 5
A 1d4d4d3d, BEREME2d.2d.5d,
6 d,

1.2 #HRFE

1.2.1 WRF-Solar £z a4\

WRF-Solar F{E#1=0R % 11 24 K FH g B8 VR P4k
FIFHR T R BBl R SRR A, & NCAR K
BH R 2% HL T 2 496 1 B 4R 4, 2 6 T WRF
Bk 3. 6 JATF R iy iz ™ . WRF-Solar #i5;
I R TR R A B S = ) e R e
AT LSRR AR A ) (R 25K 9 AR S L e R
(B FZ AR 5, 30 %) A BH AE 5% U - Ak 40 350000 i oy B
WRF-Solar #74F 5 min B — k-, 7] LIARE 75
B SR B AR S RN R AR A o

WRF-Solar # f F B ok 0 3%« 1) Bl ik T K
RS B 05k O T /T M BRI o0 SR A )
F0H S SR AL F) A AN A S R, 2) e P 4 O
SR T Z 0T LAt S8 B B ) 25 K B R
BRI  EA 3) fH T R e
—YEfNFRGR (H B At b T S A SR 0 PR B S AL
Frg P A) R T — Tl T A S e S
SRR 5) MR T R R = B B
L3 R A B AE A T = 09 AR R I
P 6) il R AR B 2R T PR RS = )
AR X R S R
1.2.2 BT RE

Y S o S R SRR S STk 052 e
FOG EE , ABiF5E I WREF-Solar 1835 , 38 13 58 HUCAS [7]
HIFR =X S Eb 7 58 1 it e 5 7 58 LA ROR
AU R XS LU AR X35 1) 328 e S A AL ol
FHVERE AR LB EL 3 0550 R S WL 5 5eF A o7
PR o SRS 5 SR R A7 %) U ASE 56, 1 AR X3
R R S R0 7 28, 1A R ARG 36 X e R
FER S EAL I B LR 1 fik 2, Hbh R
RS HA T R EET R —E RN
SR AU 0 25 R i 1 AR B S UL R A
U975 %, % AODS50 nm $#5 1% & oM FE e (E 0 17
SR SASLALL , FHR XS BU AR 35 055 A I A= e i e X
R SRR B S

VARSI T BRI E A E R E, SNER
PP Il A 4 v [ b 2R B B 43 DX, Y Rl Ry 19° ~
49°N,92° ~ 136°E, A% S K S48 R K 27 km, N



5 4 4]

G . WRF-Solar L 7R K FH AR 5 O BEUCR A6 56 39

JERE AL, DX 8 A L A RN R A X, Y O 340 ~
41°N,114° ~ 124°E, W% S K33 RN 9 km, 11

%1 WRF-Solar iR RIUFT REZE

UL 2, 3 A HoA 32 2 B R 2 Bl Oy R L
*2,

Table 1 ~ Settings of different simulation schemes using for the WRF-Solar model
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Fig.3 Comparisons between hourly solar irradiance simulations and observations (units; W - m™>) on sunny day (a,b,c), cloudy

day (d,e,f) and rainy day (h,g,i) cases for each simulation scheme
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Table 3  Sunny days, cloudy days and rainy days in months representative of four seasons in Fushan, Jinan and Juxian d
o il ] B
R 4PN GBS PN [N (BN IEPN (PN (BN
201810 13 13 5 18 10 3 18 10 3
201901 12 17 2 11 20 0 8 18 5
201904 4 21 5 9 11 10 5 13 12
201907 4 19 8 5 16 10 1 16 14

x4 NERRAFEBER AR BRXZEUFRLEHRE
Table 4  Verification for each solar irradiance simulation scheme on all sunny days, cloudy days and rainy days in months

representative of four seasons
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Fig.5 Mean bias (a,c,e,g;units: W + m™>) and root mean square error (b,d,f h;units:W + m™) of each simulation scheme on
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Table 5 Verification for each solar irradiance simulation scheme on all days in months representative of four seasons
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Table 6 Verification of solar irradiance simulation without aerosols on all sunny days, cloudy days, rainy days and all days in months

representative of four seasons in Shandong
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Fig.6 Mean bias (a,c,e,g;units:W + m™) and root mean square error (b,d,f h;units; W + m™) of solar irradiance simulation
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Table 7 Verification of solar irradiance simulation with aerosols on low visibility days in months representative of four seasons
in Shandong
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_____ BE o9 192 med 09 W oo
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il 0. 880 92.3 178.1 0. 895 99. 1 173.7
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Fig.7 Mean bias (a;units: W - m™>) and root mean square error (b;units; W + m™) of solar irradiance simulation with and

without aerosols on low visibility days in months representative of four seasons in Shandong
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