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A lunar surface effective solar irradiance real-time model
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Abstract  Information about solar irradiance on the lunar surface is the key to understanding lunar-surface
temperature distribution. In this study we have constructed a lunar-surface effective solar irradiance real-time
model in terms of the relationship between solar irradiance and solar constant solar radiation incidence angle
and the Sun-Moon distance. The theoretical erroneous percentage of this model is less than 0.28% during 100
years from 1950 to 2050. These indicate that the model can accurately reflect the variation of effective solar
irradiance on the lunar surface. The result showed that the total solar irradiance on the lunar surface would
change from 1321.5 to 1416.6 W m~? in 2007. And the average is 1368.0 W m~?. We also validated the
possibility of existing polar day and polar night at the lunar poles by analyzing the result of solar radiation

incidence angle.
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Fig.1 Schematic diagram of the solar irradiance on lunar surface

1311.3 ~1423.1 W m™>

So W m?* R, 1 AU
100 W m™>.
Kepler
2
RSHI = Reﬂl Sin Wﬂln /Sin WSI’H 3
Jones
Wem ° R(‘!ﬂl
Variations Séculaires des Orbites Planétaires AU EL}QSOOO_SZ
87 VSOP87 éphémérides Lunaires o0 W
Parisiennes 2000/82 ELP2000-82
56 Wsm = Wem Rem/Rse 4
R, VSOP87
5
Esm — SOSin22 I/V.emzRem/Rse . 5
R, sin” W,
F EMoon

2.1
1 1 A EHASun
E.,. ) ’
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Fig.4 The effective solar irradiance changing with time on lunar surface

28
3.3~3.4 W m™? 0.24% ~
0.25% . Apolloll 12 15 17
Cremers ' Jones *
4
. Cremers Apollo 11 12 15
17
568.9 554.0 75.7 W- m™*>  699.7
W m™? 200% .
1500
:_21;3‘ ¢+ This study
% Tonesetal |
~1050 — Jo7%
:-E 900 ____ Cremerset
Z 750 al 1971
:“"'5 600
= 450
300
150 (a)
0 M\
O 0102030405306 0708091.0
H B 57 Ja] ) 4 %
Fraction of lunation
1500
1350 :
+ This study
= IZ?O Jones etal.,
1050 — 1975
900 Cremers el
Z 750 T L1971
of 600
450
300
150 ©
O 1 ] 1 1 1 1 1 | |
0 0102030405060708091.0
F Bl ST R 0 4 B
Fraction ol lunation
4
a~d Apollo
a~d corresponding to Apollo 11
2007
5
2007 2007
6
2007 6 2007
1.54242°0 1
+1.54242° Meeus
2007
—1.5441° ~ +1.6047°

12 15 and 17 landing sites respectively.

2007

W m?

+90°F 1.5°.

90°

90°

38.0 W m™”.

30

37.3



2007 12 20 O

1321.5 ~ 1416.6 W m™?
1368.0 W- m™> 6.0

W m™? 23.6 W m™>. 1950 ~ 2050

1440

1420
14040

1380

SOWem)

1360

E

1340

1320

1300 1 ) A 1AL ! v YA e i ML | = RN T P

‘_'JU i 1 1 L ] 1
0.00 7382 14765 22147 29530 364.20 0.00 73.82  147.65  221.47 29530

FOEE Days 7B Days
' 5 ONOE 2007 ' 6 2007

Fig.6  The annual change of subsolar selenographic

Fig.5 The annual change of solar irradiance on lunar surface latitude in 2007
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at the lunar poles in 2007

e 1600
S ' 1400 |- 37
70 1200 | A%
6l o B o
~ o 1000 q‘x\\’
— 50 43
< Z 800 _
o600
30 -
1 - Q" v
20 400 12
10 200
150°E
] 1 1 L L 1 ] ] 1 el | 1 1 1 ] 1
=90 =70 =50 <30 -10 10 30 50 70 90 -90 =70 =30 =30 <100 10 300 50 70 890
Wal(®) o)
8 a b

Fig.8 The solar radiation incidence angle a and the effective solar irradiance b changing with

the selenographic latitude in different selenographic longitudes
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