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Calculations of the daily solar radiation incident at (he tops of (he atmospheres of Mars and 
the outer planets and its variability with latitude and sea.~on are presented in a series of figures 
'rod tables similar to those for Earth in The Smithsonian Meteorologh'al Tables. The changes in 
the latitudinal and seasonal distributions of daily surfa(:e insolation tluring the great Martian 
dust storm of 1971 (when Martian atmospheric optical depth increased from '~bout r = 0.1 
to 2.0) were significant and dramatically illustrate (.he effect of atmospheric '~emsols on surface 
insolation; i.e., the mean annual d~fily insolation at lhe poles decrease(t by more than a factor 
of 100 as r increased from 0.l to 2.0. 

INTROI)UCTR)N 

T h e  d i s t r i b u t i o n  of inc id( ,m so la r  r ad i a -  
t i (m a n d i t s  v a r i a b i l i t y  wi th  l a t i t ude ,  season,  
a n d  a t m o s p h e r i c  * u r b i d i t y  is of p r i m e  im-  
p o r t a n c e  in s tud ies  of t he  E a r t h ' s  r a d i a t i o n  
a n d  ene rgy  budge t ,  ( ' l imalo logy ,  w(*alh('r, 
and  g loba l  c i r cu l a t i on  a n d  d y n a m i c s .  Fo r  
th i s  reas(m, *he figures and  t ab l e s  ()f th( '  
da i ly  so!ar  r ad i a t i (m  incid( ,nt  a t  th( '  t o p  of 
~he E a r t h ' s  a tmospher ( ,  and  at. t h(' Eam.h 's  
sur face  as a func t ion  of la t i tud( , ,  season,  
a n d  a tmosp lmr i ( '  t u r b i d i t y  given in Tt~e 
Smithso,rdat~ Mele(~rological Tables and  s( 'v- 
( 'ral o~h(,r a t m o s p h e r i c  sci(,n(:(, r(,f(~r(,nc(,s 
a n d  t e x t b o o k s  are  an  imp( ) r t an t  a n d  useful 

r(,s(,arch aid.  To  the  best  ()f our  kn()wh,dg(', 

s imi la r  ca leu la t i (ms  for th(, oth(,r plant , Is  

have  not  been  pub l i shed .  W i t h  th is  in mind,  

w(" pres(,nt  cMeula t ions  ()f (h(, da i ly  so lar  

r a d i a t i o n  incid(,nt  ~)11 t h e  ()lh(,r r a p i d l y  

r ( ) la t ing  plant , Is  in the  solar  sys ( ( 'm-  Mars ,  
J u p i t e r ,  Sa tu rn ,  Uranus  a n d  N ( ' p ~ u n ( , - a s  
a funct i (m (if l a t i t u d e  and  seas,re.  In  a d d i -  
~i()n, we have  i n v e s t i g a t e d  l h(' effect ()f 
incr(,as(,d gh)bal  a tmosph( , r i c  ~urbidi~y (r('- 
sulking f rom wind -b iown  dus t  d u r i n g  th(, 
great. M a r t i a n  dus t  s t o r m  ()f 19711 on t h(' 
s(,asonal and  l a t i t u d i n a l  d i s t r i bu t i (ms  of 
in so la t ion  at  t he  M a r t i a n  surface.  We 1)re- 
sent  ca[culal . ions ()f M a r t i a n  sur face  insola-  
l i on  for at  mosph(,ri(. ()l)ti('al thickl | ( ,ss ,  
r = 0. l ,  0.;~5, and  2.0. As ('xp(mt('d, ~he 
d i s t r i l )u t ion  ()f M a r t i a n  surfa( 'e insolat.i(m 
was g r e a t l y  a l t e r ed  b y  the  increas(,  of 
atl)l()si)h('ri(: a(,l'()s()ls ; i.('., t lm |llOall al l l lUal 

da i ly  inso la t ion  a t  t h e  M a r t i a n  l)()~('s dc-  
cr('as(,d by  mort, t h a n  a f ac to r  of 100 as r 
incr(,as(,d fl 'om 0.1 to  2.0 du r ing  th(, gr(,at  
dus t  s to rm ()f 1971. 

Tim r(,sults ()f our  cah :u la t ions  are  t)r('- 
s( 'nt( 'd in a s(,ries of figures and  in %v() 

Copyright (~l 1977 by Academic Press, Inc. 
All rights of reproduction ill any form reserved. ISSN 0019-1035 



SOLAR RADIATION ON MARS AND OUTER PLANETS 137 

tables. In  the figures, the incident solar 
radiat ion is given in contours of calories per 
square cen t imeter /p lane ta ry  day as a func- 
t ion of p lanetary  lat i tude and season. Fol- 
lowing the convention in The Smi thsonian  
Meteorological Tables, the planet 's  season 
is represented by the heliocentric longitude, 
which is given on the abscissa. A helio- 
centric longitude of 0 ° corresponds to the 
Nor thern  Hemisphere vernal equinox, 90 ° 
corresponds to the Nor thern  Hemisphere 
summer solstice, 180 ° corresponds to the 
Nor thern  Hemisphere autumnal  equinox, 
and 270 ° corresponds Zo the Nor thern  
Hemisphere winter solstice. The declina- 
t ion of the Sun is represented by  a dashed 
line. 

The mean annual daily solar radiat ion 
incident at the top of the Mar t ian  atmo- 
sphere and reaching the Mart ian surface 
as a function of lat i tude for various turbid-  
i ty  conditions is given in Table II .  The  
mean annual daily solar radiat ion incident 
at  the tops of the atmospheres of Jupiter,  
Saturn,  Uranus, and Neptune  as a function 
of lat i tude is given in Table III .  Since the 
mean annual daily solar radiat ion values 
given in Tables I I  and I I I  are symmetric  
with respect to the planet 's  equator,  a 
value at a given lat i tude applies to either 
hemisphere. 

CALCULATION OF SOLAR RADIATION 
INCIDENT ON A PLANETARY 
ATMOSPHERE AND SURFACE 

The amount  of solar radiat ion incident 
at the top of a p lanetary  atmosphere, I0 
(eal em -2 min -1) can be expressed as 

Io = ~So/(r/a~) 2] cos z, (1) 

where So is the solar constant at the mean 
Sun -Ea r th  distance of 1 AU, taken to be 
1.94 cal cm -2 min- ' ,  z is the zenith angle of 
the incident solar radiation, r is the instan- 
taneous Sun-planet  distance, and a~ is the 
semimajor axis of the Ear th 's  orbit  (1 AU). 
The instantaneous posit, ion of the planet 
in its orbit can be expressed as the angular 

distance, 0 from perihelion, and is related 
to the orbital elements by  

r --- a(1 -- e2)/(1 q- e cos ~), (2) 

where a and e are the planet 's semirnajor 
axis and eccentricity, respectively. The 
position of perihelion is given by  Melbourne 
et al. (1968). 

The zenith angle of the incident solar 
radiation, z, can be expressed as 

cos z = sin ¢ sin ~ -k cos ¢ cos 5 cos h, (3) 

where ~ is the planetary latitude, 5 is the 
so!ar declination, and ]~ is the local hour 
angle of the Sun. 

For a rapidly rotat ing planet, (1) can be 
integrated to yield the amount  of solar 
radiation incident at the top of a planetary 
atmosphere over the planet 's  day, 7o [-cal 
cm -2 (planetary day)- i ] ,  and is given by  

Io = (PSo/lr) (a~,/r)2[cos ~ cos ¢ sin h0 

+ b0 sin ~ sin ¢],  (4) 

~here  P is the planet 's  rotat ion period in 
minutes, and h0 is the local hour angle at 
sunset which can be determined from (3). 
The solar declination is given by  

sin/t = sin ~ sin ),, (5) 

where • is the obliquity, the inclination of 
equator  to orbit (the angle between the 
orbital and rotational planes), and ~ is the 
planetary longitude measured from the 
intersection of these planes. ~ is the com- 
plement of the angle corresponding to the 
lat i tude of the N o a h  Pole of the planet 
relative to the planet 's  orbit and is found 
from standard spherical tr igonometric rela- 
tionships and the right ascension and decli- 
nation of the planetary pole and orbital 
da ta  given by  Melbourne et al. (1968). 
determines the locations of the solstices 
and equinoxes on the planetary orbit. 
P lanetary  data  are given in Table I. 

To  calculate the solar radiat ion incident 
on a planetary surface over the planet 's  
day  i~ [-cal cm -2 (planetary d a y ) - ' ]  as a 
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TABLE I 

Planetary Data" 

Semimajor Eccentricity Orbital Argument 
axis period of 
(AU) (tropical Perihelion s 

years) (deg) 

Obliquity 
(deg) 

Rotation 
period 

(hr) 

Mars 1.524 0.093 1.88 248 24.94 24.62 
Jupiter 5.203 0.048 11.86 58 3.07 9.84 
Saturn 9. 539 0. 056 2(,t. 46 279 26.74 10.27 
Uranus 19.18 0. 047 84. Ol 3 97.93 l 0.82 
Neptune 30.06 0. 009 164.79 6 28.80 15.8 

From Mars Engineering Model (1974) and Newburn and Gulkis (1973). 
b Referenced to the vernal equinox at solar longitude = 0 °. 

function of latitude, season, and ann()- 
spheric turbidi ty,  we assume that, the  in- 
coming solar radiation is a t teImated by  a 
mean atmospheric optical depth, r, such 
tha t  

L : (P,-'~o/~')(a,,/d ~ 

,kO / 

X ] (cos h cos <3 cos ¢ -+- sin 8 sin qS) 
/ 
d 0 

X exp E -  r~ (cos tt cos 5 cos 

+ sin 8 sin ¢)]dh. (6) 

This equation was s()lved numerically by a 
modified Simpson integrati(>n. 

DISCUSSION OF CALCULATIONS 

Mars 

As a result of the gravi tat ional  perturba-  
tions of the Sun and the other planets, the 
orbital  eccentricity and obliquity of Mars 
have experienced substantial  cyclical varia- 
tions over its history. These changes in 
eccentricity and obliquity have caused cor- 
responding variations in the intensity and 
planetary-wide distribution <)f solar radia- 
tion incident on Mars. Over its history, the 
orbital  eccentricity of Mars has varied 
from 0.004 to 0.141 and its obliquity has 
varied from 14.9 to 35.5 ° (Murray el al., 
1973; Ward, 1974). For  the calculations 
presented in this paper we have adopted 

the present values of eccentricity and 
obliquity of 0.093 and 24.94 ° , respectively. 
Figure 1 shows the distribution of solar 
radiation incident at, the top of the atmo- 
sphere of Mars. The maximum radiation 
occurs ow, r the southern and northern 
poles. By comparison, the Ea r th  receiw=,s 
1100 and 1000 cal cm 2 day - '  at the poles 
at the southern and northern summer 
solstices, respectively. Maxima in the in- 
cident molar radiation over the poles during 
the solstices occur because of the continuous 
daylight which overcompensates for the 
htrge solar zenith angle. Such a si tuation 
occurs whenever the obliquity, e ~ 1,S °, 
which is true not only for Mars and the 
Earth,  but  also for Saturn, Uranus, and 
Neptune  (see Table  I). 

Figure 2 shows the distribution of solar 
radiati<m at, the surfac.e of Mars for eh'ar 
sky conditions (r = 0.1). In general, this 
distribution folhms the distributi<m at the 
~(q) of the atmosphere, except for magni- 
tude, which is decreased somewhat be- 
cause (ff clear sky absorption and scatter- 
int .  A significant hemispheric seasonal 
asynunet ry  exists in tha t  there is consider- 
ably more insolation over the southern 
polar regions 1hart Hie n<)rChern polar 
regions during local summer solstice. Since 
lhe southern winter season occurs at aphel- 
ion, it is colder and of longer durat ion than  
the norlhern winter season. This results in 
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FIo. 1. Solar radiation incident at the top of the Martian atmosphere [in ca] cm -2 (planetary 
day)-1]. 

a m o r e  ex tens ive  s o u t h e r n  p o l a r  cap.  T h e  
r a p i d  nea r -comp ' , e t e  m e l t i n g  of t h e  s o u t h -  
e rn  p o l a r  cap  resu l t s  f rom t h e  h o t t e r  
s o u t h e r n  s u m m e r .  T h e  n o r t h e r n  p o l a r  cap  
r e m n a n t  is a p e r m a n e n t  sur face  f ea tu r e  
r e su l t i ng  f rom the  cooler  s u m m e r  in t h e  
N o r t h e r n  H e m i s p h e r e .  

T h e  effects of va r i ous  c o n c e n t r a t i o n s  of 
a t m o s p h e r i c  dus t  on t h e  i n so l a t i on  dis-  
t r i b u t i o n  a re  shown in Figs .  3 a n d  4. F i g u r e  
3 shows t h e  d i s t r i b u t i o n  a t  t h e  M a r t i a n  
su r face  for  r = 0.35. T h e  p o i n t  of m a x i -  

mum insolation has moved equatorward, 
since the larger zenith angle and thus the 
larger optical depth exerts a stronger effect 
than the longer daylight hours. 

Figure 4 shows the surface insolation at 
the height of the great Martian dust storm 
corresponding to an optical depth, r = 2 
(Masursky et al., 1972). The insolation 
distribution closely parallels the seasonal 
march of the Sun, with maximum insola- 
tion in the tropics and only small amounts 
of solar radiation reaching the polar regions. 
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FIG. 2. Solar radiation incident at the Martian surface (r = 0.10) [in cal cm -2 (planetary day)-1]. 
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FIG. 3. Solar radiation incident at the Martian surface (r = (I.35) [in cal cm -~ (planetary day)-'3. 

For example, in the polar latitudes during 
the Southern Hemisphere summer, the 
insolation is only about 5% of the clear sky 
values. 

The mean ammal daily solar radiation 
incident at the top of the Martian atmo- 
sphere and reaching the Martian surface 
as a function of latitude for the various 
atmospheric turbidity conditions in Figs. 
1 to 4 is summarized in Table II. 

It. is interesting to note that  the great 
M a r t i a n  dust, s t o r m  of 1971 b e g a n  at. a b o u t  

t he  l a t i t u d e  a n d  a b o u t  t he  t ime  of y e a r  of 
m a x i m u m  solar  in so la t ion  (see Figs .  2 to  
4). In  r ev i ewing  the  g r e a t  M a r t i a n  dus t  
s t o r m  of 1971, as well  as p r ev ious  p l a n e t -  
wide dus t  s to rms ,  G ie ra seh  (1974) po in t s  
,rot t h a t  indeed  ce r t a in  geog raph ica l  reg ions  
a re  f avo red  for  t h e  d e v e l o p m e n t  of these  
s to rms .  T h e  s t o r m s  u sua l l y  deve lop  be -  
l w e e n  20 a n d  40°S l a t i t u d e  nea r  or  s l igh t ly  
before  t h e  S o u t h e r n  H e m i s p h e r e  s u m m e r  
solst ice.  La rge  a m o u n t s  of solar  r a d i a t i o n  
could  h a v e  been  a b s o r b e d  b y  r e l a t i ve ly  
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Flo. 4. Solar radiation incident at the Martian surf~ce (r = 2.0) Ein cal cm ~ (planetary day)-l~. 
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TABLE II 

Mean Annual Daily Solar Radiation Incident at Top of the Atmosphere 
and at the Surface of Mars ~ 

Lat. Top of Surface Surface Surface 
atmosphere (r = 0.1) (r = 0.35) (r = 2.0) 

85 0.167 X 10 ~ 0.118 X 103 0.559 X 10 z 0.877 
80 0.170 X 103 0.12l X 103 0.599 X 10 ~ 0.143 X 101 
75 0.176 X 10 ~ 0.128 X 10 ~ 0.666 X 102 0.232 X 101 
70 0.185 X 103 0.137 X 10 ~ 0.759 X 10 ~ 0.352 X 10 ~ 
65 0.198 X 10 ~ 0.150 X 10 ~ 0.871 X 10: 0.501 X I(P 
60 0.217 X 103 0.167 X 103 0.997 X 10 ~ 0.677 X 10 ~ 
55 0.238 X 103 0.186 X 10 z 0.114 X 103 0.874 X 101 
50 0.259 X 10 ~ 0.206 X 103 0.129 X l03 0.109 X 1() z 
45 0.279 X 103 0.225 X 103 0.144 X 103 0.132 X 102 
40 0.297 X 10 ~ 0.243 X 10 a 0.158 X 103 0.156 X 10: 
35 0.315 X 103 0.260 X 103 0.172 X 10 ~ 0.180 X 102 
30 0.330 X 10 ~ 0.275 X l03 0.185 X l03 0.204 X 10 ~ 
25 0.344 X 10 ~ 0.288 X 10 ~ 0.196 X 103 0.227 X 10 ~ 
20 0.355 X 103 0.299 X 10 ~ 0.206 X 10 '~ 0.247 X 102 
15 0.364 X 103 0.308 X 10 ~ 0.213 X 103 0.264 X 102 
10 0.370 X 10 ~ 0.314 X 103 0.219 X 10 ~ 0.277 X 102 
5 0.374 X 103 0.318 X 10 n 0.222 X l03 0.285 X 10 z 
0 0.375 X 103 0.319 X 103 0.223 X 10 ~ 0.288 X 10 ~ 

For r = 0.1, 0.35. and 2.0/-in cal cm -~ (Mars day)-~]. 

smal l  a m o u n t s  of w ind -b lown  dus t  in t he  

M a r t i a n  a tmosphe re .  Acco rd ing  to  t he  

M a r s  dus t  s t o r m  models  of Gie rasch  and  

G o o d y  (1973), L e o v y  et al., (1973), G o l i t s y n  

(1973), and  Hess  (1973), th is  process  m a y  

h a v e  t r i gge red  the  p l ane t -wide  dus t  s t o r m  

t h a t  fol lowed.  

W i n d - b l o w n  dus t  in t h e  M a r t i a n  a t m o -  

sphere  can absorb  s ignif icant  a m o u n t s  of 

solar  r ad ia t ion ,  which  in t u r n  can a l t e r  t he  

t e m p e r a t u r e ,  t h e r m a l  s t ruc tu re ,  and  dy-  

namics  of t h e  M a r t i a n  lower  a tmosphe re .  

Gierasch  and  G o o d y  (1972) conc luded  t h a t  

a h i g h - t e m p e r a t u r e ,  n e a r - i s o t h e r m a l  a t m o -  

sphere  could  result, f rom t h e  dus t  cond i t ions  

dur ing  the  1971 dus t  s torm.  The i r  ca lcu la -  

t ions  ind ica te  t h a t  t he  solar  r a d i a t i o n  ab-  

sorbed  by  wind -b lown  dus t  was e n o u g h  to  
increase  t he  lower  a t m o s p h e r e  t e m p e r a t u r e  

by  2 5 ° K  d a y - L  T h e  M a r i n e r  9 in f ra red  

s p e c t r o m e t e r  e x p e r i m e n t  ( H a n d  et al., 
1972) and  the  rad io  occu l t a t i on  e x p e r i m e n t  

(Kl iore  et al., 1972) show t h a t  t h e  t e m -  

p e r a t u r e  of t he  a t m o s p h e r e  was ra ised  

a b o u t  5 0 ° K  dur ing  the  s torm,  and  t h a t  t he  

t e m p e r a t u r e  profiles b e c a m e  a lmos t  iso- 

t he rma l .  

Jupiter 

T h e  d i s t r i bu t ion  of r ad i a t i on  inc iden t  on 

t h e  J o v i a n  a t m o s p h e r e  is shown in Fig.  5 

and,  because  of t he  smal l  ob l iqu i ty ,  is 

nea r ly  s y m m e t r i c  w i th  respect  to  the  

equa to r .  At  t he  e q u a t o r  t he  inc iden t  solar  

r a d i a t i o n  var ies  b e t w e e n  12 and  15 cal 

cm -~ ( Jov i an  day)  -1 over  the  year .  Per i -  

he l ion  occurs  near  t he  N o r t h e r n  H e m i -  

sphere  s u m m e r  so'.st:ice, resu l t ing  in an 

equa to r i a l  m a x i m u m  in solar  r ad i a t i on  a t  

th is  t i m e  of t he  year.  T h e  ac tua l  l a t i t ud ina l  

v a r i a t i o n  of absorbed  solar  r ad i a t i on  is 

p r o b a b l y  n m c h  smal le r  t h a n  the  v a r i a t i o n  

of inc iden t  r ad i a t i on  shown in Fig.  5 since 

the  low and  m i d l a t i t u d e s  con ta in  t he  c loud 

zones wh ich  would  ref lect  a s ignif icant  

a m o u n t  of vis ible  rad ia t ion .  
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FIG. 5. Solar radiation incident at. the top of the atmosphere of Jupiter [in eal em -2 (planetary 
(lay) 1]. 

The larger obliquity of Saturn results in 
m a x i m u m  inso la t ion  a t  t h e  poles,  as shown 
in Fig.  6. Pe r ihe l ion  occurs  a t  ~he S o u t h e r n  
H e m i s p h e r e  s u m m e r  solst ice,  r e su l t ing  in 
m a x i m u m  solar  r a d i a t i o n  of a b o u t  6 cal 
cm 2 ( S a t u r n  d a y ) - ' .  Because  of t he  l a rge r  
ob l iqu i ty ,  t h e  i n so l a t i on  p a t t e r n  f()r S a t u r n  
is v e r y  diff( ,rent f rom t h a t  for  Jup i to r .  
W i l l i a m s  and  Rob inson  (1973) hay( '  used 

th i s  as on(; a r g u m e n t  for i n t e rna l  h e a t i n g  
as t h e  p r i m a r y  cause  of ~he s imi la r  d y -  
n a m i c a l  effects on t h e  two  p lane t s .  T h e  
effect of so lar  r a d i a t i o n  on ~he d y n a m i c s  

has  y e t  to  be i nves t i ga t ed .  The  a c t u a l  

d i s t r i b u t i o n  of solar  r a d i a t i o n  i nc iden t  a t  

t he  t o p  of t h e  a t m o s p h e r e  of S a t u r n  is 

c o m p l i c a t e d  b y  t h e  shadow effect of t h e  

r ing  sys tem,  which  is no t  i nc luded  in our  

c~dculatious.  
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FIG. 6. Solar rt~diati,m incident at top of tile atmosphere of Saturn [in cal cm -~ (planetary day)-1]. 
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Fro. 7. Solar radiation incident at top of the atmosphere of Uranu~ ~in cal cm -2 (planetary day)-~-]. 

Ura~us 

The very large obliquity of Uranus (98) 
results in a bizarre distr ibution of solar 
radia t ion (Fig. 7). The  position of the  
hemispheres  is reversed with the Nor thern  
Hemisphere  "be low" the ecliptic and the 
Southern Hemisphere  " a b o v e "  the  ecliptic. 
M a x i m u m  solar radiat ion is incident at  the  
poles around the  summer  soistices, with 
values of about  3 cal cm -2 (Uranus day)-~;  
this s i tuat ion will occur around 1985. For  

nearly half the Uranus year  (approximate ly  
42 E a r t h  years),  some par ts  of the planet  
are in perpetual  darkness. Whether  the  
small insolation received by  the  planet  is 
impor tan t  to the  dynamics  has yet  to be 
determined,  but  if so, one would expect a 
circulation much  different from the cir- 
culations of other rapidly ro ta t ing  planets  
in the solar system. Tempera tu re  differences 
and the  resulting condensation products  
between the  light and dark sides as well 
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FIG. 8. Solar radiation incident at top of the atmosphere of Neptune [in cal cm -~ (planetary 
day) -i 1. 
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.Mean Annual lhfily SMar ll.adial,io~ Incident al  (.he Tops [ff the Atnt(,spheres 
of Jupiter,  Salm'n, Uranus and NepLune '* 

Lat. Jupi ter  

85 0. 128 X 1() ~ 
80 0.239 X 10 I 
75 0.352 X I() ~ 
70 0.463 X 10 
65 0.7171 X I(P 
60 0.675 X l(P 
55 0.774 X I(P 
50 0.867 X l() ~ 
45 0.954 X I() ~ 
4 0  0 . 1 0 3  ;4 10 ~ 
35 0.110 X I(F 
30 0.117 X I(F 
25  0 .  122 X 102 
20 0.127 X I(F 
15 0.130 )< 10'-' 
10 0. 133 X 10 '~ 

5 0. 134 X l(F 
0 0 . 1 3 5  X 1()~ 

" In cal cm -~- (planetary day-t) .  

S~l,,l~,t Uranus Neptune 

0. 191 X lip 0. 111~ X 10' 0.279 
0. 1134 X 101 0. 107 )< l(P ().283 
0.200 X I(P 0.106 X l(P ().2S9 
(}.20~ / 1() t 0.105 X 101 0,299 
0.219 X I(P 0.103 X 101 0.311 
0.236 X l0 ~ 0.101 X l() ~ 0.330 
0.256 X I(P 0.987 0.355 
0.277 )< I() ~ 0.9fi0 0.381 
0. 297 X l0 t 0. 932 0.40~ 
0.316 X I(P 0..001 0.433 
0. 334 >( 1 ()~ 0.871 0. 4511 
0. 350 × I (P 0. 839 0. 477 
0. 364 X 1 (P 0. ~()~, 0. 496 
0.375 X I() ~ 0.77,~ 0 .S l l  
0.3~4 × 10 ~ 0.752 0. 523 
0.3!11 )< I{P 0.730 0.532 
0.395 X 10 x 0. 717 0.537 
0.39{i X I(P O. 714 O. 539 

as  p h o t o c h e m i c a l  r e a c t i ( m s  e()uld ("rose  

c h a n g e s  in  a t m o s p h e r i c  c o m p o s i t i ( ) n .  

Neplu~ e 

F o r  c o m p l e t e n e s s ,  t h e  s o l a r  r a d i a t i o n  in -  

c i d e n t  o n  N e p t u n e  is g i v e n  in F ig .  ,~. T h e  

m a x i m u m  s o l a r  r a d i a t i ( ) n  fa l l s  o n  t h e  p o l a r  

r e g i o n s .  S i n c e  p e r i h e l i o n  o c c u r s  c lose  t o  "~he 

v e r n a l  e q u i n o x ,  t h e r e  is n o  s e a s o n a l  a s y m -  

m e t r y  i n  t h e  d i s t r i b u t i o n  ()f i n c i d e n t  s o l a r  

flUX. 
T h e  m e a n  a n n u a l  d a i l y  s o l a r  r a d i a t i ( m  

i n c i d e n t  a t  t h e  t o p s  of t h e  a t m ( ) s p h e r ( ' s  of 

J u p i t e r ,  S a t u r n ,  U r a n u s ,  a n d  N e p t u n e  as  a 

f u n c t i o n  of l a t i t u d e  is s u m m a r i z e d  in  T a | ) l e  

I I I .  

T h e  l a t i t u d i n a l  g r a d i ( , n t  a n d  t h e  s e a s ( ) n a l  

v a r i a t i o n  of  i n c o m i n g  s o l a r  r a d i a t i o n  c o n -  

s t i t u t e  a d r i v i n g  f o r c e  in  deternfining t h e  

c i r c u l a t i o n  a n d  d y n a n f i c s  (ff t h e  E a r t h ' s  

a t m o s p h e r e .  T h e  l a t i t u d i n - f l  v a r i a t i o n  of 

t h e  m e a n  a n n u a l  d a i l y  s o l a r  r a d i a t i o u  

r e c e i v e d  a t  t h e  E a r t h ' s  s u r f a c e  is i m p o r t a n t ~  

i n  d e t e r m i n i n g  c l i n m t e  a n d  w e a t h e r  p a t -  

t e r n s ,  W c  b e l i e v e  t h e  c a l c u l a t i o n s  p r e s e n t e d  

in  t h i s  p a p e r  s h o u l d  h e l p  in  s t u d i e s  of  t h e  

r a d i a t i o n  a n d  e n e r g y  budge t , ,  c i r c u l a t i o n ,  

d y n a m i c s ,  c l i m a t o l o g y ,  a n d  w e a t h e r  . f  

M a r s  a n d  t h e  o u t e r  p lane~s .  
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