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S E A S O N A L D A I L Y I N S O L A T I O N O N M A R S 

by 

E. V A N H E M E L R I J C K 

A b s t r a c t 

In th is paper we br ief ly s t u d y change s in the mean seasonal in -

solations on the planet Mar s caused by s i gn i f i cant l a rge- sca le var ia t ions 

in the fol lowing orbital elements : the eccentr ic i ty ( e ) , the ob l iqu i ty ( e ) 

and the long i tude of perihel ion (A^ ) . Three orbital con f i gura t ions have 

been inves t i ga ted. In the f i r s t , the eccentr ic i ty equals success i fe ly 0, 

0.075 and 0.15, whereas for the ob l iqu i ty and the long i tude of per i -

helion we took the present va lues which amount respect ive ly to 25° and 

250°. In the second s i tuat ion, e = 15, 25 and 35° for a c i rcu lar orb i t 

(e = 0) and with \ = 250°. In the last model we have set e = 0.075 

and e = 25° for k = -90, 0 and 90°. 
P 

A l though long- term periodic osci l lat ions of e ( f i r s t ca se ) and A. 

( th i rd case ) produce respect ively v e r y small or no var ia t ions in the 

average year ly insolat ion, f luctuat ions of the above mentioned p lanetary 

data s t r o n g l y effect the mean summer and winter dai ly insolat ions. 

Indeed, the calculat ions reveal that between the two extreme va lues of 

the orbital elements u sed , the seasonal insolations exhib i t a change in 

amplitude of about 15 to 20 percent d i f ference over the entire latitude 

interval . 

Cons ider ing more part icu lar ly the second case it is found that the 

summertime insolation exper iences a near ly similar var iat ion as the mean 

annual dai ly insolation i .e. a decrease of about 7% at the equator and a 

more than twofold increase at the poles. The co r re spond ing mean winter 

dai ly insolation var ies maximally by approximately 60% in the 60-80° 

latitude range . 



Résumé 

Dans ce texte, nous étudions brièvement des changements de l'in-

solation saisonnière moyenne sur la planète Mars résultant de variations 

significatives à long terme des éléments orbitaux suivants : l'excentri-

cité (e), l'obliquité (e) et la longitude du périhélie (A^). Trois configu-

rations orbitales sont envisagées. Dans la première, l'excentricité vaut 

successivement 0, 0.075 et 0.15, tandis que pour l'obliquité et la 

longitude du périhélie nous avons pris les valeurs actuelles respective-

ment égales à 25° et 250°. Dans la deuxième situation, e = 15, 25 et 35° 

pour une orbite circulaire et avec \ = 250°. Pour le dernier modèle 
P 

nous avons adopté e = 0.075 et e s 25° avec \ = -90, 0 et 90°. p 

Bien que des oscillations périodiques a long terme de e (premier 

cas) et de A. (troisième cas) ne donnent lieu qu'à des variations très 

petites ou mêmes nulles de l'insolation annuelle moyenne, nous avons 

trouvé que des fluctuations des caractéristiques orbitales mentionnées 

ci-dessus peuvent affecter sensiblement l'insolation saisonnière moyenne. 

En effet, les calculs montrent qu'entre les deux valeurs extrêmes des 

éléments orbitaux utilisés, l'insolation saisonnière moyenne subit un 

changement d'amplitude de 15 à 20% à toutes les latitudes. 

En ce qui concerne plus particulièrement le second cas, il apparaît 

que l'insolation moyenne en été varie approximativement comme l'inso-

lation annuelle moyenne, c'-à-d. subit une diminution de l'ordre de 7% à 

Péquateur et une augmentation de plus d'un facteur deux aux pôles. 

L'insolation moyenne correspondante en hiver varie de 60% au maximum 

dans l'intervalle de latitude allant de 60 à 80°. 

- 2 -



Samenvatt ing 

Deze teks t bestudeer t in het kor t v e r a n d e r i n g e n van de gemiddelde 

seizoenszonnestral ing op de planeet Mars , ve roorzaak t door be langr i jke 

var ia t ies op lange termi jn van de volgende baanelementen : de e x c e n t r i -

c i te i t ( e ) , de hel l ing van de rotatieas op het baanvlak ( e ) en de lengte 

van het per ihel ium Dr ie baanconf igurat ies werden onderzocht . In 

de eerste is de excent r ic i te i t achtereenvolgens gel i jk aan 0 , 0 .075 en 

0 . 1 5 , te rwi j l voor de hel l ing van de rotat ieas op het baanvlak en de 

lengte van het perihel ium de huidige waarden werden genomen, 

respect ievel i jk gel i jk aan 25 en 250° . In het tweede geval is e = 15, 25 

e n 35° voor een c i rke lvormige baan en met \ = 250° . In het laatste 

model hebben we e = 0 .075 en e = 25° genomen met \ = - 9 0 , 0 en 90 ° . 

Alhoewel per iodieke oscillaties in e (eers te g e v a l ) en \ ( d e r d e 

g e v a l ) respect ievel i jk zeer kleine en geen var iat ies geven in de ge -

middelde jaar l i jkse zonnest ra l ing , is het gebleken dat v e r a n d e r i n g e n van 

de bovenvermelde planetaire gegevens de gemiddelde dagel i jkse zomer-

en winterzonnest ra l ing s terk beïnvloeden. De bereken ingen wijzen u i t 

d a t , tussen de twee g e b r u i k t e u i ters te waarden van de baanelementen, 

de seizoenszonnestral ingen een ampl i tudeverander ing ondergaan van 

ongeveer 15 to 20 percent en d i t over het vol ledig geograf isch b r e e d t e -

in terva l . 

Voor het tweede geval hebben we gevonden dat de zomerzonne-

st ra l ing een bijna gel i jkwaardige var ia t ie ondergaat als de gemiddelde 

jaar l i jkse zonnestra l ing t - t . z . een verminder ing van ongeveer 7% aan de 

evenaar en een meer dan tweevoudige verhoging aan de polen. De 

overeenkomstige gemiddelde winterse zonnestra l ing v a r i ë e r t maximaal met 

ongeveer 60% in het 60-80° geograf ische b r e e d t e i n t e r v a l . 
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Zusammenfassung 

Dieser Tex t studiert kurz Veränderungen der mittleren Saisons-

sonnenstrahlung auf dem Planet Mars, verursacht durch wichtigen 

periodischen Variationen in den folgenden Bahnelemente : die 

Exzentrizi tät ( e ) , die Schiefe der Ekliptik ( e ) und die Länge des 

Periheliums (A ) . Drei Bahnkonfigurationen sind untersucht worden. In 
P 

der ersten Konfiguration ist die Exzentrizität nacheinander gleich an 0, 

0.075 und 0 .15 , während fü r die Schiefe der Ekliptik und die Länge des 

Periheliums wir die aktuellen Werte genommen haben die respektive 

gleich sind an 25° und 250°. In dem zweiten Fall ist e = 15, 25 und 35° 

für eine Kreisbahn und mit \ = 250°. In dem Letzten Modell haben wir P 
e = 0.075 und e = 25° genommen mit \ = - 90, 0 und 90° . 

Obschon periodische Oszillationen in e (erste Fall) und \ (d r i t t e 

Fall) respektive sehr geringe und keine Variationen verursachen in der 

mitleren Jahreszeitlichen Sonnenstrahlung haben wir gefunden dass 

Veränderungen der Bahnelemente die mitlere tägliche Sonnenstrahlung in 

Sommer und Winter bedeutlich beeinflussen. Die Berechnungen ziehen 

dass zwischen den zwei extremen Werte der Bahnelemente, die Saisons-

sonnenstrahlung eine Amplitüdevariation untergeht von ungefähr 15 bis 

20 Prozent über dem vollständigen Breiteninterval l . 

Für die zweite Konfiguration haben wir berechnet dass die Sommer-

sonnenstrahlung eine beinahe gleichwertige Variation untergeht wie die 

mittlere jährl iche Sonnenstrahlung, nämlich eine Verminderung von 

ungefähr 7% an dem Äquator und eine mehr dann zweifache Erhöhung an 

dem Polen. Die korrespondierende mittlere Sonnenstrahlung im Winter 

var i ier t mit einer Höchstwert von ungefähr 60% zwischen einer Breite 

von 60 bis 80°. 
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1. I N T R O D U C T I O N 

Some orbi ta l elements of Mars are sensit ive to s igni f icant long- term 

periodic var iat ions : the ob l iqu i ty ( e ) , the eccent r ic i ty ( e ) and the 

longitude of per ihel ion ( ^ p ) - These oscillations are caused by g r a v i -

tat ional per turba t ions from the Sun and the o ther p lanets . 

T h e large-scale changes in the eccentr ic i ty and the longitude of 

per ihel ion of Mars were f i r s t obta ined, f rom a secular p e r t u r b a t i o n 

analysis , by Brouwer and van Woerkom ( 1 9 5 0 ) . On the other hand , 

calculations of the obl iqui ty var iat ions are re la t ive ly new ( W a r d , 1973, 

1974) . More recent ly Ward (1979) and Ward et al . (1979) recalculated 

the present and past obl iqui ty var iat ions of Mars . 

T h e eccentr ic i ty of Mars is c u r r e n t l y 0 .093 and ranges from a 

value near zero to a theoret ical maximum of about 0 . 1 4 ( M u r r a y et al • , 

1973; Ward , 1979) . T h e r e are re la t ive ly rapid f luctuat ions on a time 

scale of about 9 . 5 x 10 4 y e a r s , superimposed on a much longer quas i -g 
periodic var ia t ion e v e r y 1 . 8 to 2 . 3 x 10 years . 

T h e time dependence of Mars' ob l iqui ty was, as prev ious ly 

mentioned, invest igated by Ward (1973, 1974) . He found a present 

obl iqui ty of 2 5 . 1 ° (coinciding pract ical ly wi th the long- term average 

value of 2 5 . 2 ° ) , oscil lating between a minimum and a maximum value of 

14 .9 and 3 5 . 5 ° respect ive ly . T h e oscillation has two superposed periods 

: one of 1 . 2 x 10 5 years and another of 1 . 2 x 10 6 years . 

A paper recent ly publ ished by Ward (1979) updates the ear l ier 

calculat ions. T h e obl iqui ty of Mars is now 2 5 . 2 ° . T h e maximum 

oscillation amplitude amounts to 1 3 . 6 ° and is centered on a long- term 

average value of 2 4 . 4 ° . Th is implies an obl iqui ty ranging from a 

minimum of 10 .8 to a maximum of 3 8 . 0 ° . T h e rapid oscillation is 

character ized by a dominant per iodic i ty of 1 . 2 x 105 yea rs , whereas the 
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g 
much longer var ia t ion has a per iod modulation equal to about 1 . 3 x 10 

y e a r s . In a companion paper (Ward et a l . , 1979) it has been de -

monstrated t h a t in termi t tent ly even more extreme values are possible. 

Final ly the equinoxes, and as a consequence the longitude of p e r i -

helion (be ing the angle between the data of equinox and the per ihel ion 

passage) , precess th rough 360° wi th a time per iod of approximate ly 

5 . 1 x 10 4 years (Ward , 1974) . 

Due to the fact tha t the solar radiat ion is dependent upon the 

above mentioned orbi ta l elements, it is obvious t h a t important per iodic 

insolation var iat ions on Mars are closely associated with changes in e , e 

and \ . 
P 

/ 

T h e ef fect of the time evolut ion of those t h r e e orbi ta l parameters 

on the insolation on Mars has a l ready been concisely discussed ( M u r r a y 

et a l . , 1973) and br ie f ly reviewed (Toon et a l . , 1980) . Moreover , Ward 

(1974) has presented in more detail the essential elements of a t h e o r y 

for insolation var iat ions on Mars t h a t results f rom changes in the 

eccentr ic i ty and ob l iqu i ty . I t should, however , be emphasized tha t in 

the previous works one deals mainly wi th the dai ly insolation and wi th 

the mean annual dai ly insolation. In th is p a p e r , we specially accentuate 

the impact of the periodic f luctuat ions of e , e and \ on the mean 

summer and mean winter dai ly insolation over the ent i re lat i tudinal 

in te rva l . 

In a f i r s t section, we br ie f ly discuss the calculation of the mean 

( a n n u a l , summer and w i n t e r ) dai ly insolations. For more detai ls see 

e . g . Ward ( 1 9 7 4 ) , Vorob 'yev and Monin ( 1 9 7 5 ) , Levine et al . ( 1 9 7 7 ) , 

Van Hemelri jck and Vercheval (1981) and Van Hemelri jck 

( 1 9 8 2 a , b , c , d , e ) . T h e n , the inf luence of the oscil lat ing orbi ta l elements 

on the solar radiat ion averaged over a season are considered. 
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2. MEAN D A I L Y I N S O L A T I O N 

In our calculations and for the n o r t h e r n hemisphere, the summer 

season is a r b i t r a r y def ined as runn ing from verna l equinox over summer 

solstice to autumnal equinox and spanning 180° ; consequent ly , the 

planetocentr ic longitudes of the Sun = 180° and A© = 360° mark the 

beginning and the end of the winter per iod . In the southern hemi-

sphere , the solar longitude in terva ls ( O , 180° ) and (180 , 360° ) dev ide 

the year into astronomical w in ter and summer respect ive ly . 

T h e dai ly insolation can be expressed as : 

2 2 2 2 
I _ . = [ S T ( l + e c o s W ) /n a ~ . ( 1 - e ) 1 ( h s i n c p s i n + s i n h c o s cp c o s ô _ ) D o w O W O (V 

(1) 

where S is the solar constant at the mean S u n - E a r t h distance of 1AU 
° - 2 - 1 3 - 2 - 1 

taken at 1 .96 cal cm (min ) or 2 . 8 2 x 10 cal cm ( d a y ) (Wilson, 

1982) , T is the sidereal d a y , e is the eccent r ic i ty , W is the t r u e 

anomaly, a^is the semi-major ax is , hQ is the local hour angle at sunset 

(o r s u n r i s e ) , cp is the planetocentr ic lat i tude and is the solar 

decl inat ion. 

Fur thermore , W, h Q and 6 0 can be calculated from the fol lowing 

wel l -known relat ionships : 

W = À - \ ( 2 ) © p 

h = a r c c o s ( - t a n t a n c p ) o w 

2 2 1 / 2 
= a r c c o s [ - t a n cp s i n e s i n A Q / ( 1 - s i n E s i n A ^ ) ( 3 ) 

a n d 

s i n ô g = s i n e s i n K ^ ( 4 ) 
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where \ and e , as mentioned e a r l i e r , a re the longitude of per ihel ion 

(sometimes called argument of per ihe l ion) and the o b l i q u i t y . 

T h e mean (summer , w in ter or annua l ) dai ly insolations, h e r e a f t e r 

denoted as ( T _ ) _ , ( 7 _ ) . „ and 0 ^ ) . respec t ive ly , may be found by in te -
U o U W L) A 

g r a t i n g relat ion ( 1 ) wi th in the appropr ia te time l imits, y ie ld ing the total 

insolation over a season or a y e a r , and by d iv id ing the obtained resul t 

by the corresponding length of the summer ( T g ) or w in ter (T~w ) or 

t ropical year ( T ) . For the calculation of T ^ or T ^ we re fe r to Van 

Hemelri jck (1982e ) . 

As an example, ( l ^ ) ^ may be w r i t t e n under the form ( V o r o b ' y e v 

and Monin, 1975; Van Hemelr i jck , 1982e) : 
T_ 

( V A = ( 1 / V J 0
 d t 

2 2 1/2 2 S T s i n q> s i n e / [ 2 n ( 1 - e ) a Q ] 

2 n 

(hQ - t an h^) s i n A^jd^ 

(5 ) 

where the dependence of hQ in terms of A Q is g iven by the second 

equal i ty on the r i g h t hand side of relat ion ( 3 ) . I t should be pointed out 

t h a t , considering the complexity of the i n t e g r a n d , equat ion ( 5 ) has 

genera l ly to be in tegrated numerical ly . However , it is easy to show t h a t 

at the poles, the mean annual dai ly insolation is g iven by ( M u r r a y 

et a l . , 1973; Ward, 1974; Vorob 'yev and Monin, 1975; Van Hemelr i jck , 

1982e) : 

2 1 / 2 2 
( I D ) A = SoT s i n e / n ( l - e ) ' a Q (6) 

Expressions ( 5 ) and ( 6 ) c lear ly state t h a t the average year ly insolation 

is independent on the longitude of perihel ion A. . 
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In the fol lowing sect ions we have s tud ied three orbital s i tuat ions . 

In the f i r s t conf igurat ion we treated e = 0, 0.075 and 0.15 for e = 25° 

and A. = 250°. The data for e represent approximately the minimum and 

the maximum value of the orbital eccentr ic i ty of Ma r s d u r i n g its ear ly 

h i s to ry and the midpoint between the two; the va lues for e and A. 

co r re spond to the present orbital elements. 

In the second model, we have analyzed the cases when e = 15, 25 

and 35° for e = 0 ( c i r cu la r o rb i t ) and A = 250°. T h e va lues of e 
P 

represent the extreme reasonable va lues and the average one for the 

cu r ren t l y accepted periodic cycle. 

In the last example, we put A p = - 90 (or 270), O (o r 180) and 

90° with e = 0.075 and e = 25°. A p = - 90 and 90° s i g n i f y respect ive ly 

that winter and summer solst ices occur at the perihel ion pa s s age of the 

planet; A p = 0° means that perihel ion is at vernal equ inox. 

2.1. F i r s t conf igurat ion (e = 0, 0.075 and 0.15, e = 25°, A = 250°) 

F ig . 1 i l lustrates calculat ions of the mean summer dai ly insolation 

as a funct ion of latitude for e and A p respect ive ly equal to 25° and 250° 

and for the three adopted va lues of the eccentr ic i ty. The non-co inc i -

dence at the equator of the two c u r v e s represent ing the nor thern and 

southern solar radiation d i s t r ibut ions for e = 0.075 and 0.15 is owing to 

the a rb i t r a ry chosen definition of the summer season in both hemi-

spheres . 

From F ig . 1 it is obv ious that the solar radiation d i s t r ibut ion 

c u r v e s are rough l y parallel and that the peak insolat ions occur at 

approximately the same latitude. It can also be seen that the summer 

insolations of the northern and southern hemisphere become a sym-

metrical for e * 0. T h i s insolation imbalance ev ident ly van i shes for a 

c i rcu lar orb i t . The mean summer dai ly insolation for an eccentric orb i t 
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MEAN SUMMER DAILY INSOLATION [cal cm-2(day)J] 

Fig, l.- Latitudinal variation of the mean summer daily insolation for various 
values of the eccentricity and with e = 25° and \ = 250°. 



and at a g i ven latitude is h i gher in the southern hemisphere than it is 

in the nor thern hemisphere, the ratio of both insolat ions be ing 

respect ive ly equal to 1.43 and 1.19 for e = 0.15 and e = 0.075 at all 

lat i tudes. It is i n s t ruc t i ve to note that the va lue of those rat ios 

co r re sponds to the ratio of the length of the nor thern summer to the 

length of the southern one for the two orbital con f i gura t ions . F u r t h e r -

more, F ig . 1 c lear ly demonstrates that , in both hemispheres , the 

equatorial summertime insolation exceeds the solar radiat ion incident at 

the poles. The percent d i f ference amounts t o . about 13% and is 

independent on the eccentr ic i ty. 

A n ana ly s i s of F ig . 1 also reveals that in the nor thern hemisphere 

O q ) ^ decreases with increas ing eccentr ic i ty ; in the southern hemi-

sphere the s teady increase of e is accompanied b y a co r re spond ing ga in 

of ( T _ ) _ . It is found that the var iat ion of the mean summer dai ly in so -
u o 

lation when e changes from 0 to 0.15 is of the o rder of 14% (no r the rn 

hemisphere) and 23% ( sou thern hemisphere) and that the rate of de -

crease or increase is latitudinal independent. 

T h e d i s t r ibut ion pattern of the mean winter da i ly insolation for the 

model under cons iderat ion is shown in F ig . 2. A g a i n , for an eccentr ic 

orb i t , an hemispheric seasonal asymmetry ex i s t s in that their is s i gn i f i -

cant ly more insolation over the nor thern hemisphere than over the 

southern hemisphere. S imi lar ly to the mean summertime insolation the 

ratio of both insolations amounts to 1.43 (e = 0.15) and 1.19 (e = 

0.075) at all lat i tudes. 

A s the eccentr ic ity increases , mean wintertime insolation increases 

in the nor thern hemisphere, in the southern hemisphere the oppos i te 

effect is f ound. The increase (23%) and decrease (14%) equal those 

obtained d u r i n g the summer season. 
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MEAN WINTER DAILY INSOLATION (cal cm"2(day)J] 

Fig. 2.- Latitudinal variation of the mean winter daily insolation for various 
values of the eccentricity and with e = 25° and \ = 250°. 



Fina l ly , and as prev ious ly stated by M u r r a y et a l . ( 1973 ) and 

Ward (1973 , 1974) , the annual average insolation at the geometric poles 

of Mars var ies by only about 1% between the two extremes of the ec-

c e n t r i c i t y . Th is f ind ing can easily be ver i f i ed by applicat ion of 

expression ( 6 ) . Moreover , relat ion ( 5 ) indicates t h a t th is maximum 

d i f fe rence remains constant over the ent i re la t i tude in te rva l . 

A l though the resul t ing a l terat ion in the mean annual dai ly in -

solation is only of the order of 1% as the eccentr ic i ty var ies from 0 to 

0 . 1 5 , it follows t h a t the mean seasonal dai ly insolations are qu i te sensi-
g 

t i ve to changes in e , exh ib i t ing a 1 . 8 to 2 . 3 x 10 year per iodic i ty in 

amplitude wi th maximum percent d i f ferences of about 23%. 

2 . 2 . Second conf igurat ion (e = 15, 25 and 3 5 ° , e = 0 , K = 2 5 0 ° ) 

T h e mean summer, w inter and annual dai ly insolations as a 

funct ion of la t i tude , for var ious values of the obl iqui ty and where e = 0 

and A. ' = 250° are respect ive ly g iven in Figs. 3 , 4 and 5. Fur the rmore , 

F ig . 6 represents the percentage d i f ferences as a funct ion of lat i tude 

for the two extreme values of the ob l iqu i ty . I t should be pointed out 

tha t for a c i rcu lar o rb i t the solar energy d is t r ibut ion curves are p e r -

fec t ly symmetric wi th respect to the equator . 

F ig . 3 c lear ly i l lustrates the sensi t iv i ty of the summertime in-

solation to changes in the obl iqui ty (cont ras t this diagram with Fig. 1 ) . 

From the f i g u r e it is obvious tha t the mean summer dai ly insolation at 

the poles is s t rongly dependent on the ob l iqu i ty , whereas the equator ia l 

solar energy is only a weak funct ion of e . Indeed, over the total obl i -

qu i ty i n t e r v a l , the polar insolation ranges from about 200 (e = 1 5 ° ) to 
- 2 - 1 450 cal cm ( p l a n e t a r y d a y ) (e = 3 5 ° ) , the equatorial e n e r g y de-

- 2 

position var ies between approximately 355 (e = 3 5 ° ) and* 385 cal cm 

( p l a n e t a r y d a y ) (e = 1 5 ° ) . In other words , the solar radiat ion 

incident at the poles exhib i ts a more than twofold increase in going 
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Fig. 3.- Latitudinal variation of the mean sumnier daily insolation for various 
values of the obliquity, for a circular crbit and with K = 250°. 
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from the minimum to the maximum value of e , whereas the corresponding 

equator ia l decrease is of the order of 7% (see also Fig. 6 ) . F u r t h e r -

more, it can also be seen from Figs. 3 and 6 t h a t above a lat i tude near 

15° the summertime insolation increases wi th increasing o b l i q u i t y ; below 

the above mentioned lat i tude the opposite e f fect is f o u n d . Another 

character is t ic f e a t u r e is t h a t , for e = 3 5 ° , the summer polar e n e r g y 

exceeds the equatorial one and tha t at lat i tudes g r e a t e r than ap-

proximately 40° the summer average insolation does not var ies sub-

stant ia l ly . 

T h e mean win ter dai ly insolation is shown in F ig. 4. T h e curves 

are near ly paral lel and , over the en t i re lat i tude r a n g e , the increase of 

the obl iqui ty is accompanied by a corresponding decrease of the solar 

radiat ion received in w i n t e r . F ig . 4 and especially F ig . 6 reveal that 

the solar energy d is t r ibut ion curves in w i n t e r , at least at high lat i -

tudes , are less sensit ive to var iat ions in the obl iqui ty than the summer 

ones. A t equatorial and mid - la t i tudes , the percentage d i f ferences are 

h igher in winter than in summer (excep t at the equator were they are 

e q u a l ) . Maximum percentage d i f ferences of the order of 60% are at ta ined 

in the 60 -80° lat i tude in te rva l . 

Fig. 5 presents plots of the annual average solar radiat ion for the 

t h r e e obl iqui t ies. Similar calculations were made for the f i r s t time by 

Ward (1974) (see also Toon et a l . , 1980) . He argued that the polar in-

solation v i r t u a l l y doubles if e increases from the minimum to the 

maximum va lue , bu t t h a t conversely the equatorial energy deposition 

decl ines. Th is is obviously demonstrated in Figs. 5 and 6 where it can 

also be seen t h a t the increase of e causes the equatorial insolation to 

reduce by about 7% and tha t the cr i t ical lat i tude past which the year ly 

insolation at high obl iquit ies exceeds tha t at lower obl iquit ies is s i tuated 

near approximately 40° . 
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Fig. 4.- Latitudinal variation of the mean winter daily insolation for various 
values of the obliquity, for a circular orbit and with A = 250°. 



- v i 
I 

M E A N ANNUAL DAILY INSOLATION [cal cm"2(day) J] 

Fig. 5.- Latitudinal variation of the mean annual daily insolation for various 

values of the obliquity, for a circular orbit and with \ = 250°. 
P 



Fig. 6.- Latitudinal variation of the percentage difference 100 x [ I
D( e = 35) " 

t 1/T of the mean (summer, winter and annual) daily D(e=15) D(e=15) 
insolations for a circular orbit and with K = 250°. The bars over 
symbols signify seasonal and annual averages. 

V 
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2 . 3 . T h i r d conf igurat ion (A. = - 9 0 , 0 and 9 0 ° , e = 0 . 0 7 5 , e = 2 5 ° ) 

T h e e f fect of the argument of per ihel ion f luctuat ion on the mean 

summer and win ter dai ly insolations is respect ive ly g iven in Figs. 7 and 

8. I t has to be pointed out t h a t the precession of the per ihel ion 

position causes no var ia t ion in the average y e a r l y insolation (Toon 

et a l . , 1980) . 

As expected , there is complete symmetry between the two hemi-
spheres for A = 0 ° (o r 1 8 0 ° ) . On the other hand , the n o r t h e r n 

P 
summer d is t r ibut ion c u r v e for A = - 9 0 ° (o r 9 0 ° ) and the southern 

P 
summer one for A p = 90° (o r - 9 0 ° ) a re per fec t ly symmetric wi th 

respect to the equator . Th is is easily expla ined by observ ing t h a t the 

length of the n o r t h e r n summer for \ = - 90° ( 9 0 ° ) equals the length of 

the southern summer for A = 90° ( - 9 0 ° ) . Th is f ind ings are ev ident ly P 
val id for the winter t ime insolations ( F i g . 8 ) . 

Comparison of the curves represented in F ig. 7 reveals t h a t the 

insolation d is t r ibut ions for A = - 90 and 90° pract ical ly paral lel the 
P 

mean summer dai ly insolation for A. = 0 ° . T h e al terat ion of 0 n ) c
 i n 

P 4 D 5 

the n o r t h e r n hemisphere with the 5 . 1 x 10 year precessional cycle can 

easily be der ived from Fig. 7: it increases in the 0 - 9 0 ° longitude of 

perihel ion i n t e r v a l , reduces if A. ranges from 90 over 180 (o r 0 ) to 

270° (o r - 90) and enhances again if \ var ies from 270 to 360° . T h e 

maximum percentage d i f fe rence 100 x [ ( ' D ) S ( 9 0 ) " 
(T ) , x amounts to about 21% and remains constant over the en t i re v D S ( - 9 0 ) 

lat i tude range. I t is worthwhi le to notice t h a t this constant d i f fe rence 

equals the rat io of the lengths of the n o r t h e r n summer for Ap = - 90 

and 90° respect ive ly . Fig. 7 also c lear ly indicates t h a t in the southern 

hemisphere the behavior of the c u r v e s , when Ap passes from 0 to 360° , 

is completely reversed compared to tha t in the n o r t h e r n summer hemi-

sphere . T h e maximum percentage d i f f e rence , computed in the same way 

as above, yields - 17%. 
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Fig. 7.- Latitudinal variation of the mean summer daily insolation for various 
values of the longitude of perihelion and with e = 0.075 and e = 25°. 



Fig. 8.- Latitudinal variation of the mean winter daily insolation for various 
values of the longitude of perihelion and with e = 0.075 and e = 25°. 



Final ly , the long- term mean win ter dai ly insolation changes are 

shown in F ig. 8 . T h e upper curves depict a substant ia l loss of 

in going from A. = - 90 to = 9 0 ° ; the lower plots manifest a gain of 

solar energy over the same longitude of per ihel ion i n t e r v a l . A l though 

the d is t r ibut ion curves are more closely spaced at polar lat i tudes than 

at mid- and equatorial ones, the percentage d i f fe rences between the 

curves corresponding to the two extreme values of K are identical to 

those obtained in F ig. 7 , i . e . t h e y are constant over the en t i re la t i tu -

dinal i n t e r v a l , the r ise or loss of insolation being as much as 21 and 

17%. 

3. SUMMARY AND C O N C L U S I O N S 

In the preceding sections emphasis is placed on the inf luence of 

orbi ta l element var iat ions on the mean summer and winter dai ly inso-

lations on the planet Mars . 

T h e pr incipal results of th is s tudy may be summarized by the 

fol lowing statements : 

( 1 ) A l though ( f i r s t conf igura t ion) 0 D ) A var ies by only about 1% 

between the two extreme values of the eccent r ic i ty , the mean seasonal 

insolations are much more sensit ive (of the o rder of 20%) to change in 

e , the percentage di f ferences being independent on the la t i tude. 

( 2 ) For a c i rcu lar orb i t (second case) , and in contrast to the f i r s t 

s i tuat ion, the f luctuat ions are found to be lat i tude dependent . In going 

from the minimum to the maximum value of e , the behavior of the p e r -

centage d i f fe rence d is t r ibut ion of O Q ) s and 0 D ) A is roughly similar ( -

7% at the equator and over 100% at the poles) . T h e cr i t ical lat i tudes 

past which 0 D ) S and O p ) A at e = 35° are g rea te r than those at e = 

15° are respect ive ly si tuated near 15 and 40° . T h e mean win ter dai ly 

insolations at h igh obl iquit ies are always smaller than at lower 

obl iqui t ies , the maximum percentage d i f fe rence at ta in ing about 60% in 

the 60 -80° la t i tude in te rva l . 
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( 3 ) The insolation variations arising from fluctuations in A^ are 

characterized by a percentage difference remaining constant as a 

function of latitude. Although the precession of the perihelion position 

has no influence on the daily insolation averaged over a year , O Q ) ^ 

and ( l D ) w are markedly affected by the time of perihelion passage, the 

seasonal average insolation variations being nearly similar to those 

obtained when the eccentricity oscillates between 0 and 0.15 ( f i rs t 

configurat ion) . 

In conclusion, we believe that long-term changes in the mean 

summer and winter daily insolations on Mars caused by variations of the 

Martian orbi t , obliquity and equinoctial precession has to be taken into 

account for a better understanding of some aspects of climate changes 

on Mars. Although our qualitative and even our quantitat ive knowledge 

of the quasi-periodic climate changes on Mars is quite well developed 

(see e . g . Toon et a l . , 1980; C a r r , 1982; Cutts , 1982 and Pollack and 

Toon, 1982) it is obvious that much remains to be examined in order to 

improve our understanding about the past and the present weather and 

climate on Mars. 

ACKNOWLEDGEMENTS 

We would like to thank A. Simon and F. Vandreck for the reali-

sation of the various il lustrations. We are also indebted to M. De Clercq 

for typing the manuscript. 

-23-



R E F E R E N C E S 

B R O U W E R , D . and V A N W O E R K O M , A . J . J . : 1950, T h e secu lar v a r i a -

t ions of the orbital elements of the pr incipal p lanets . A s t r o n . Pap. 

Amer. Ephemeris Naut . Aim. 13, 81. 

C A R R , M . H . : 1982, Periodic climate change on Ma r s Review of 

evidence and effects on d i s t r ibut ion of volat i les. I ca rus 50, 129-

139. 

C U T T S , J . A . and L E W I S , B . H . : 1982, Models of climate cyc les re -

corded in martian polar layered depos i t s . I ca rus 50, 216-244. 

L E V I N E , J . S . , K R A E M E R , D . R . and K U H N , W . R . : 1977, So lar rad ia -

tion incident on Mar s and the outer planets : Lat i tudinal , seasonal 

and atmospheric effects. I ca rus 31, 136-145. 

M U R R A Y , B . C . , W A R D , W . R . and Y E U N G , S . C . : 1973, Periodic in so -

lation var iat ions on Mar s . Sc ience 181, 260-262. 

P O L L A C K , J . B . and T O O N , O . B . : 1982, Quas i -per iod ic climate change 

on Mars : A review. I ca rus 50, 259-287. 

T O O N , O . B . , P O L L A C K , J . B . , W A R D , W . R . , B U R N S , J . A . and 

B I L S K I , K . : 1980, The astronomical theory of climate change on 

M a r s . I ca rus 44, 552-607. 

V A N H E M E L R I J C K , E. : 1982a, The oblateness effect on the solar 

radiation incident at the top of the atmospheres of the outer 

p lanets . I ca rus 51, 39-50. 

V A N H E M E L R I J C K , E. : 1982b, The oblateness effect on the ex t r a -

terrestr ia l solar radiat ion. So lar E n e r g y , in p r e s s . 

V A N H E M E L R I J C K , E. : 1982c, The oblateness effect on the solar 

radiation incident at the top of the atmosphere of M a r s . 

Proceed ings of the workshop on the planet M a r s , Leeds, 1982. E S A 

special publ icat ion, SP-185, 59-63. 

V A N H E M E L R I J C K , E. : 1982d, The insolation at Pluto. I c a r u s , in 

p r e s s . 

V A N H E M E L R I J C K , E. : 1982e, A n estimate of the solar radiat ion 

incident at the top of P luto 's atmosphere. Bu l l . Acad . R . B e l g . , 

C I . S c i . , in p r e s s . 

-24-



VAN HEMELRIJCK, E. and VERCHEVAL, J. : 1981, Some aspects of the 

solar radiation incident at the top of the atmospheres of Mercury 

and Venus. Icarus 48, 167-179. 

VOROB'YEV, V . I . and MONIN, A . S . : 1975, Upper-boundary insolation 

of the atmospheres of the planets of the solar systems. Atmos. 

Ocean. Phys. 11, 557-560. 

WARD, W.R. : 1973, Large-scale variations in the obliquity of Mars. 

^Science 181, 260-262. 
WARD, W.R. : 1974, Climatic variations on Mars. 1. Astronomical theory 

of insolation. J. Geophys. Res . , 79, 3375-3386. 

WARD, W.R. : 1979, Present obliquity oscillations of Mars. Fourth-

order accuracy in orbital e and I . J. Geophys. Res. 84, 237-241. 

WARD, W . R . , BURNS, J . A . and TOON, O . B . : 1979, Past obliquity 

oscillations of Mars : The role of the Tharsis upl i f t . J. Geophys. 

Res. 84, 243-259. 

WILSON, R . C . : 1982, Solar irradiance variations and solar act iv i ty . J. 

Geophys. Res. 87, 4319-4326. 

-25-


