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Abstract: In this paper we select 10 broad spectrum solar radiation mechanism models widely used in for-

eign countries and achieved recognitions, and there are separate transmittance formulas in the main atmos-

pheric attenuation process. The transmission (Tk. Ty, Tum ), direct radiation, and diffuse radiation by se-

lected models in relation to the exact spectrum model SMARTS are compared and reviewed strictly in an i-

deal atmosphere. On this basis, we then selected the model of high precision METSTAT, and corrected its

defects and inadequacies regarding optical mass, transmission rate of ozone absorption and uniformly mixed

gas absorption transmittance of the model, then an improved solar radiation model METSTAT_M in an i-

deal atmosphere is obtained. After a rigorous comparison, it is demonstrated that the METSTAT_M mod-

el is superior to other models.
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Table 1 Title and structure of selected solar radiation models

LR 44 Bk FH X 2 T Tk Tum To B G A TS S A 7
MMAC o J 1 N/ NG N
METSTAT Kasten & Yang J N/ N N N/
Perrin Kasten 1965 N To+um Ni N/
MLWT2 MLWT Trium J N/ ¥
Yang Kasten 1965 N N N N N
REST SMARTS N/ N J J oG

e FP Toromh O3 5H—RAERBRBGE S5, Treum R7%5 K450 F Rayleigh #USH 5 35— 10 A A 09 W BGS 53R

Note: To+um and Tr+ym are transmittances for O3 and mixed gas absorption, Rayleigh and mixed gas absorption. respectively.
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1.2 E4&8 SMARTS

SMARTS J& K FH R A5 5 A% i 't 315 A 284 (R
Simple Model for Atmospheric Transfer of Sun-
shine) , B 7 1 H A A [F] 35 K 8] & 19 423 KOG
T X (280~4000 nm) , H A 280~400 nm [H] 1)
KA R 0.5 nm,400~1700 nm [H] {4 I 1< 8] f& 4
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SR SR8 LI O PF R S L RIS S S R S i SMAR-
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) B AR AR DL » AR S0 Y H: o ) — A i AL R AR
WA i o 5 [ AR
1.3 RN IER

B (4 Pk RE P 48 br L 45

777 22 (Root Mean Square Error, RMSE) # Bj

RJ\/[SE\/[i)(k;/%i)z/n] (3)
i=1

S 4 ot iR 22 (Mean Absolute Error, MAE)

MAE:%Z\(@—A)\ 4)
i—1

S AR XR 25 46 %6 {H (Mean Absolute Percentage
Error, MAPE) : & Wi S840 X 02 22 i) P 224K B
__ 1 S ki 7}%1'
MAPE = -- 37 T ‘
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Aok ki 4350 SMARTS2 BRI 5 (19 2 2 (H Al
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Fig. 1 The comparison of calculation

results of 4 kinds of relative optical
masses with SMARTS2
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Fig. 2 Transmittances for Rayleigh scattering

predicted by all models (p=1013. 25 hPa, USSA)
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Table 2 Performance statistics for Rayleigh transmittance relative to the reference model of SMARTS2

i) Min Max RMSE MAE MAPE/ %
SMARTS2 0.55189 0.94165 - - -
METSTAT 0.59694 0.94208 0. 04 0.026 3.2

MMAC 0.53772 0. 92506 0. 06 0.047 5.6

Perrin 0.36447 0.93189 0.08 0.039 1.8

Yang 0.54964 0.94337 0. 05 0.031 3.8

REST 0.55150 0.94158 0. 04 0.029 3.6

1.00

iR SMARTS2 1130 Te AT LB ZE R . 2.
OUAERY T THEORG BEARR S B e MAE /T 0. 05,
& MMAC # R4, MAPE $4/hF 5%, LI METSTAT
R TR B B 5, HL Yk & REST, Yang 25845 %1, MMAC
MR ZE K Perrin IRZ . EATTX T Al 5™ E 1G4
X B E AR R A R PR 1 AR . MMAC () AR X6
HF AR IRER KB TEEZ —,

TER T Al Z2>85°AF METSTAT *F Tk H4H 2 1
KX EERH TR T Rayleigh HS % K FH
R 0 A R D i R T A R 2E
2.2.2 O, 5 FEHE

Perrin *ﬁﬂ%’% Ty F TLKM?%%E—@%%E(Js
WA To 3. 3% 3 FIE 3 2 pr ik HOs 70 v 2%
&L B 3B B R T, RN A R SMARTS2 8
) To #EAT 30 25 2, 45 5 1 25 L fi SMARTS 2

——SMARTS

secZ

3 FTABEEBN G O 20 7 HON R ES R

(p=1013. 25 hPa,USSA)
Fig. 3 Transmittances for ozone
absorption predicted by all models

(p=1013. 25 hPa,USSA)
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Table 3 Performance statistics for ozone absorption transmittance relative to the reference model of SMARTS2

Y Min Max RMSE MAE MAPE/%
SMARTS2 0.90574 0.98056 - - -
METSTAT 0. 87502 0. 98254 0. 004 0. 004 0.41
MMAC 0. 88172 0. 97690 0.005 0. 004 0.41
Yang 0. 88799 0. 98353 0. 004 0.003 0. 30
REST 0. 92855 0. 98053 0.003 0.001 0. 10
MLWT2 0.93141 0. 98057 0. 004 0.001 0. 10
W5 B RS I B #R B . LA REST Al MLWT2 1.0
F5 TR 4 FTIORG BE i g » LN Yang fl METSTAT,
~
3 s & B2 M, >5. 0 (BRI /1 2> 0-981 A\
80, & M7 5 SMARTS 9 T, 15 22 JF#4 1 K. \\ CGMARTS
BE% M, KR WK, X EEREE T AL S 0% e
BOSARILE T T I 5L 4009 HH X 6 2% i (M) SR Yang
FHZS SR e 2 i M, R AR . sk b ) 0941 T~
AAIX G2 BT Mo, b S0 i (M) 2/,
N NS 0.92 :
FAE R TOUA KT B AT Z 0] ) 22 5 58 K, ol 7 0 4 8 12 16 20
secZ

KT Z=90° I ,M,=16. 601,11 M,=38.136, X
2 5 e R DR A P 1 — > 2R
2.2.3 H—RAEAKBILHEGF Tuy

AR 42 B A Ton FISMARTS2 317 1

P4 T AT AL T Y 3 — 3R A A IR o T R B R

Fig. 4

(p=1013. 25 hPa, USSA)

Transmittances for uniformly mixed gas

predicted by all models (p=1013. 25 hPa, USSA)
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Table 4 Performance statistics for uniformly mixed gas transmittance relative to the reference model of SMARTS2

Model Min Max RMSE MAE MAPE/ %
SMARTS2 0.92639 0. 98908 — - -
METSTAT 0.97458 0. 98890 0.013 0.009 0. 95

MMAC 1.0 1.0 0.027 0.024 2.48

Yang 0.97288 0.99040 0.013 0.0098 1.02

REST 0.92642 0. 98905 0.0001 0.0001 0.01

B, MMAC A Ty 524 1, MMAC 15k
FEfx 25. B& T REST f#AIF1 SMARTS W) £ 1% 1R
I K B A, H A B RL B9 RMSE ¥ K F 0. 01,
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ARG K B 6 I8 B S A4 T 3 K
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3.1 KSEHERMELE

HR A 1 R AR KT 98 0335 K BH 4 S 55 780 1) i
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1 BN F o R S B B R A U X
TE AR SR LA WL EE N il T2 L
IR~ A% - AT S Y BT 4 A HE 3] 9 O 1 A
RUGFR A AN REARIE B AR . i DAk BB FH T
12 K ARCIE ST R B AR 1Y 5E O 1k A A
METSTAT *f H R332 34T 2k

BIRME IE 3T LT L% & .

(DX L= R B IE. Bk METSTAT
AR SR T A A X O 27 5 & 1 3 5 4 U R SMAR-
TS W TT 5 25 F 45— 80, AR A R T0 A 558K B 475 s A
P 22 o BRLHG . FRATT SR A3 A B SMARTS o i 41 % Ot
FRUR DR m AL SR

(2) B4 MR Wi o R g ik . 7 METSTAT
BRI IR T SR A 23 AR Ol 27 BT i AR R AR
{18 X S I A pR A R T A R s R 4T A X

2 T 8 /N T S S AR G2 R R R T,
REEER B2 . G, 7E Bk A v, T SR
SMARTS #5270 ot B4 1) A G % 2 5 500 31 555 0k
ANBE R AR R 2

() H—TR A A RS SR iy ki . T
METSTAT ##{L % BT CO, 1 O, AR X K FH
I P AT G R B A R i — 2B A S
SRR B AR W 0T 4R R 8 — IR & AR B
CO, Fl Oy X I BH % 5k W AT 1 5% 1) 2% 37 378 A 45 11
Rt 7648 TE A B R ol R A REST #2580 2% 18 £ Fif
QUNGL TSN EE R A T

T B IE A METSTAT_M k55 4t %
AR

T = e 0-000sM*atm,—m % (6)
To=1—0.1611X,(1 4 139. 48X,) %% —
0.002715X,(1 + 0. 044X, + 0. 0003X5) !

)
Topy = 0012 .

Hrp
n M<ﬁ) (9
M, = [cosZ +1.0651Z "5 /(101. 8 — Z)%% ]!
(10)
Yo = Dol (1D

K, Xo HITIE G R AR B, B Cem) Uy FIA
K. M, WxX#kL22], M, Z2TEN, HEIIEIT
EEMaEA iR, £ 52 METSTAT_M 5 SM-
ARTS BERLE FHR A L, 45 G aTimaE 2 3% 4,
$ METSTAT_M 1 METSTAT R4y E A K
B R, 4 REFEWMETSTAT_MM KK 3B

&5 METSTAT_M 5 SMARTS #& 2% §f F L B it 5 R
Table 5 Performance statistics for Rayleigh transmittance of METSTAT_M model relative to the other models

Min Max RMSE MAE MAPE/%
Tr 0.59694 0.94207 0.025 0.024 2.98
To 0.90194 0. 98254 0.0036 0.003 0. 34
Tum 0.92642 0. 98905 0.0018 0.002 0.17
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BRI 7E RMSE if & MAE I [t METSTAT
B ER A AN [R) B B 0 8 T s Tom 1 T W TH IR
2% MAPE 43 914 JF AR 3. 2% .0, 41 % 1 0. 95 %
PR E 2. 98% .0, 34 % F1 0. 17 %0 B B AR T HK Y
RS, ] L, METSTAT_M 55 78KE B 2 fe = 19 H
B Yang \REST 45 164 7Y fa] 50, {5 F M k% 0d 1 9
T AR A

3.2 BEAXSTHEHEEITHWILE

BT SR
E, =E +E,; (12)
E/, - Eo TRT()TLJAM (13)
E,=D,+D, (14)
o 0. 79E0 COSZT()TUMO. 5(1 - TR) =
D, = (T— M, + M) (13
- I, sinh, + D,)p, 16

L= px

XL E E FE, 435 Dy B KA AR R
SYRBCR fE AT s D, b AR 1 Rayleigh #Udts D,
MRS R 22 B 5 he D9 RBH & BE A5 o,
HHFR A RAEG R Te Tow M To BB
IERREARL,

TEBRAE R AT MRl A B B 5 1) 4 4 5
SMARTS #y3H55 45 AT H (3R 6) . 4 R R W
Fr 7 REST £i#1 4, METSTAT _M £ 1) 11 55 4%
FEJ& e 1Y B e R FT B9 METSTAT KRR B2 -
Big e T 50 %,

W i 1Y HC5T R S B METSTAT _M Al
METSTAT #F47 b5 (k) . MAPE i 7. 51% 2
i H) 6. 420 T RIR 22 (RMSE) 2 3. 33,

W PR AR 5 R B Y SRR S 5 SMARTS it
AR L METSTAT_M & 5158, 7 %A 0 it 2%
(MAPE) 40. 65% . ¥ 77 H i 22 (RMSE) 8. 21, 1fij

®6 FEEIEFNNEERS E.
5 SMARTS # B3t bk 45 R
Table 6 The direct radiation E;,, predicted by
all models in comparison with SMARTS model

Model RMSE MAE MAPE/%
METSTAT 10. 543 9.977 0.92
MMAC 9. 085 8.412 0.77
Perrin 27.249 14.120 1.51
Yang 8.581 8.567 0.77
REST 3.066 1.121 0.13
MLWT?2 14. 950 13.105 1.27
METSTAT_M 5.496 5. 205 0. 48

METSTAT By F# M X iR 220 1. 07 % . ¥ 5 i
2 (RMSE) 2 12. 84, i it J5 iy B4 METSTAT_M
WERS T2,

4 3w

ARSI Z A B Az AR B A HH
F B KA Bl FE R A R Y i S R A S TR
T A PH i SR AL BHASE R 7 AR KR B A A Y i
S (Tr JTo R Toa) LA B B9 56 5 L 805 56 5 506G
W) ISR SMARTS % — JE 47 7™ 4% 19 Eb 425 IR 16
I ity b 3 IRORE R RG B B AL R 1) METSTAT #%
O R v R S O A B L R R WS R L 1
— VR A A WS 3 S 3R A A A Y SR AR R AT 1B
1EJE . 3R A — A ol o 9 B AR R ROK BH i G A
METSTAT_M, @it #F5EEm .

(1) MAEXTE2= T L 45 R ok &/ 4 Z2>30°
BF MMAC 5 A9 v A0 X O 7 T 11 58 38K 1Y 13
2% ,Kasten,Kasten & Yang A X G2 R 78 2>
SO°MI Ry A iR 2%, Mk e MLWT . Kasten & Yang Fll
SMARTS2 W& B85« BAT 8 ARG 0

(2) KRB G R B4t F Ok & . B ok 455 Y 11
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VR T, 545 B M SMARTS2 B9 W) 4 %8 4
JuLL REST #1 MLWT2 45 A (1 10005 B2 5 5 5 Tom
THE 45 B DL REST K B i 47

(3) Wk Yy BEAR DR OK BH R A R R MET-
STAT_M Yy K& 4 ik & 76 RMSE & 2
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B TrTon F1 T 9 MAPE 45 543 5] 45 J RS 8 iy
3.2%.,0. 41% F1 0. 95% 42 &5 3] 2. 98%.,0. 34 % Fl
0.17%,

(4) Wk Yy 2R OR AR A B A R AL MET-
STAT_M 1y B 42 58 it 1 5 45 R 1 359 40 X5 3% 2%
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6.42% , MAESd 1. 07 % & 3 0. 65% . ik ik LU )G
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