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FOREWORD

The paper entitled "The effect of orbital element variations on the
mean seasonal daily insolation on Mars" will be published in The Moon

and the Planets, 1983. '

AVANT-PROPOS

J

L'article Intitulé "The effect of orbital element variations on the
mean seasonal daily insolation on Mars" sera publié dans The Moon and

the Planets, 1983.

VOORWOORD

De tekst "The effect of orbital element variations on the mean
seasonal daily insolation on Mars" zal in het tijdschrift The Moon and

the Planets, 1983 verschijnen.

VORWORT

Der Text "The effect of orbital element variations on the mean

seasonal daily insolation on Mars" wird in The Moon and the Planets.

1983 herausgegeben werden.



THE EFFECT OF ORBITAL ELEMENT VARIATIONS ON THE MEAN

SEASONAL DAILY INSOLATION ON MARS

by

E. VAN HEMELRIJCK

Abstract

In this paper we briefly study changes in the mean seasonal in-
solations on the planet Mars caused by significant large-scale variations
in the following orbital elements : the eccentricity (e), the obliquity (&)
and the longitude of perihelion (Ap). Three orbital configurations have
been investigated. In the first, the eccentricity equals successifely O,
0.075 and 0.15, whereas for the obliquity and the longitude of peri-
helion we took the present values which amount respectively to 25° and
250°. In the second situation, € = 15, 25 and 35° for a circular orbit
(e = 0) and with Ap = 250°. In the last model we have set e = 0.075
and £ = 25° for Ap = =90, 0 and 90°.

Although long-term periodic oscillations of e (first case) and )\p
(third case) produce respectively very small or no variations in the
average yearly insolation, fluctuations of the above mentioned planetary
data strongly effect the mean summer and winter daily insolations.
Indeed, the calculations reveal that between the two extreme values of
the orbital elements used, the seasonal insolations exhibit a change in
amplitude of about 15 to 20 percent difference over the entire latitude

interval.

Considering more particularly the second case it is found that the
summertime insolation experiences a nearly similar variation as the mean
annual daily insolation i.e. a decrease of about 7% at the equator and a
more than twofold increase at the poles. The corresponding mean winter
daily insolation varies maximally by approximately 60% in the 60-80°

latitude range.



Résumé

Dans ce texte, nous étudions brievement des changements de I'in-
solation saisonniére moyenne sur la planéte Mars résultant de variations
significatives a long terme des éléments orbitaux suivants : |'excentri-
cité (e), l'dbliquité (e) et la longitude du périhélie (Ap). Trois configu-
rations orbitales sont envisagées. Dans la premiere, l'excentricité vaut
successivement 0, 0.075 et 0.15, tahdisv que pour |I'obliquité et la
longitude du périhélie nous avons pris les valeurs actuelles respective-
ment égales a 25° et 250°. Dans la deuxiéme situation, € = 15, 25 et 35°
pour une orbite circulaire et avec Ap'= 250°. Pour l|e dernier modéle

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

Bien que des oscillations périodiques a long terme de e (premier
cas) et de )\p (troisi"eme cas) ne donnent lieu qu'a des variations tres
petites ou mémes nulles de l'insolation annuelle moyenne, nous avons
trouvé que des fluctuétions des caractéristiques orbitales mentionnées
ci-dessus peuvent affecter sensiblement I'insolation saisonniére moyenne.
En effet, les calculs montrent qu'entre les deux valeurs extrémes des
éléments orbitaux utilisés, I'insolation saisonniére moyenne subit un

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

En ce qui concerne plus particuli‘erlement le second cas, il apparait
que l'insolation moyenne en été varie approximativement comme I'inso-
lation annuelle moyenne, c'-a-d. subit une diminution de Il'ordre de 7% a
I'équateur et une augmentation de plus d'un facteur deux aux poles.
L'insolation moyenne correspondante en hiver varie de 60% au maximum

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



Samenvatting

Deze tekst bestudeert in het kort veranderingen van de‘ gemiddelde
seizoenszonnestraling op de planeet Mars, veroorzaakt door belangrijke
variaties op lange termijn van de volgende baanelementen : de excentri-
citeit (e), de helling van de rotatieas op het baanviak (g) en de lengte
van het perihelium (Ap). Drie baanconfiguraties werden onderzocht. In
de eerste is de excentriciteit achtereenvolgens gelijk aan 0, 0.075 en
0.15, terwijl voor de helling van de rotatieas op het baanviak en de
lengte van het perihelium de huidige waarden werden genomen,
respectievelijk gelijk aan 25 en 250°. In het tweede geval is € = 15, 25
en 35° voor een cirkelvormige baan en met A_ = 250°. In het laatste

. P
model hebben we e = 0.075 en & = 25° genomen met )\p = -90, 0 en 90°.

Alhoeyvel periodieke oscillaties in e (éerste geval) en Ap (derde
geval) respectievelijk zeer kleine en geen variaties geven in de ge-
middelde jaarlijkse zonnestraling, is het gebleken dat veranderingen van
de bovenvermelde planetaire gegevens de gemiddelde dagelijkse zomer-
en winterzonnestraling sterk beinvioeden. De berekeningen wijzen uit
dat, tussen de twee gebruikte uiterste waarden van de baanelementen,
de seizoenszonnestralingen een amplitudeverandering ondergaan " van

ongeveer 15 to 20 percent en dit over het volledig geografisch breedte-

interval.

Voor het tweede geval hebben we gevonden dat de zomerzonne-
straling een bijna gelijkwaardige variatie ondergaat als de gemiddelde
jaarlijkse zonnestraling t.t.z. een vermindering van ongeveer 7% aan de
evenaar en een meer dan tweevoudige verhoging -aan de polen. De
overeenkomstige gemiddelde winterse zonnestraling varigéert maximaal met

ongeveer 60% in het 60-80° geografische breedteinterval.



Zusammenfassung

Dieser Text studiert kurz Verdanderungen der mittleren Saisons-
sonnenstrahlung auf dem Planet Mars, wverursacht durch wichtigen
periodischen  Variationen in den folgenden Bahnelemente : die
Exzentrizit'ét (e), die Schiefe der Ekliptik (g) und die Lange des
Periheliums (Ap). Drei Bahnkonfigurationen sind untersucht worden. In
_der ersten Konfiguration ist die Exzentrizitdt nacheinander gleich an O,
0.075 und 0.15, widhrend flr die Schiefe der Ekliptik und die Lange des
Periheliums wir die aktuellen Werte genommen haben die respektive
gleich sind an 25° und 250°. In dem zweiten Fall ist ¢ = 15, 25 und 35°
fir eine Kreisbahn und mit )\p = 250°. In dem Letzten Modell haben wir

e = 0.075 und & = 25° genommen mit )\p = - 90, 0 und 90°.

Obschon periodische Oszillationen in e (erste Fall) und Ap (dritte
Fall) respektive sehr geringe und keine Variationen verursachen in der
mitleren Jahreszeitlichen Sonnenstrahlung haben wir gefunden dass
Verinderungen der Bahnelemente die mitlere tagliche Sonnenstrahlung in
Sommer und Winter bedeutlich beeinflussen. Die Berechnungen zieheh
dass zwischen den zwei extremen Werte der Bahnelemente, die Saisons-
sonnenstrahlung eine Amplitiidevariation untergeht von ungefdhr 15 bis

20 Prozent iliber dem vollstindigen Breitenintervall.

Fir die zweite Konfiguration haben wir berechnet dass die Sommer-
sonnenstrahlung eine beinahe gleichwertige Variation untergeht wie die
mittlere jdhrliche Sonnenstrahlung, né&mlich eine Verminderung von
ungefdhr 7% an dem- Aquator und eine mehr dann zweifache Erhdhung an
dem Polen. Die korrespondierende mittlere Sonnenstrahlung im Winter

variiert mit einer H&chstwert von ungefdhr 60% zwischen einer Breite

von 60 bis 80°.



1. INTRODUCTION

Some orbital elements of Mars are sensitive to significant long-term
periodic variations : the obliquity (¢), the eccentricity (e) and the:
longitude of perihelion (Ap). These oscillations are caused by gravi-

tational perturbations from the Sun and the other planets.

The large-scale changes in the eccentricity and the longitude of
perihelion of Mars were first obtained, from a secular perturbation
analysis, by Brouwer and van Woerkom (1950). On the other hand,
calculations of the obliquity variations are relatively new (Ward, 1973,
1974). More recently Ward (1979) and Ward et al. (1979) recalculated

the present and past obliquity variations of Mars.

The eccentricity of Mars is currently 0.093 and ranges from a
value near zero to a theoretical maximum of about 0.14 (Murray et al.,
1973; Ward, 1979). There are relatively rapid fluctuations on a time
scale of about 9.5 x 104 years, superimposed on a much longer .quasi-

periodic variation every 1.8 to 2.3 x 106 years.

The time dependence of Mars' obliquity was, as previously
mentioned, investigated by Ward (1973, 1974). He found a present
obliquity of 25.1° (coinciding practically with the long-term average
value of 25.2°), oscillating between a minimum and a maximum value of
14.9 and 35.5° respectively. The oscillation has two superposed periods

: one of 1.2 x 105 years and another of 1.2 x 106 years.

A paper recently published by Ward (1979) updates the earlier
calculations. The obliquity of Mars is now 25.2°. The maximum
oscillation amplitude amounts to 13.6° and is centered on a long-term
average value of 24.4°. This implies an obliquity ranging from a
minimum of 10.8 to a maximum of 38.0°. The rapid oscillation is

characterized by a dominant periodicity of 1.2 x 105 years, whereas the



much longer. variation has a period modulation equal to about 1.3 x 106

years. In a companion paper (Ward et al., 1979) it has been de-

monstrated that intermittently even more extreme values are possible.

Finally the equinoxes, and as a consequence the Iongitudé of peri-
helion (being the angle between the data of equinox and the perihelion
passage), precess through 360° with a time period of approximately
5.1 x 10% years (Ward, 1974). o

Due to the fact -that the solar radiation is dependent upon the
above mentioned orbital elements, it is obvious that important periodic
insolation variations on Mars are closely associated with changes in e, €

and A
P

/ ' .
The effect of the time evolution of those three orbital parameters

.on the insolation on Mars has already been concisely discussed (Murray
et al., 1973) and briefly reviewed (Toon et al., 1980). Moreover, Ward
(1974) has presented in more detail the essential elements of a theory
for insolation variations on Mars that results from changes in the
eccentricity and obliquity. It should, however, be emphasized that in
the previous works one deals mainly with the daily insolation and with
the mean annual daily insolation. In this paper, we specially accentuate
the impact of the periodic fluctuations of e, & and )\p on the mean

summer and mean winter daily insolation over the entire latitudinal

interval.

In a first section, we briefly discuss the calculation of the mean
(annual,. summer and winter) daily insolations. For more details see
e.g. Ward (1974), Vorob'yev and Monin (1975), Levine et al. (1977),
Van Hemelrijck and Vercheval (1981) and Van Hemelrijck
(1982a,b,c,d,e). Then, the influence of the oscillating orbital elements

on the solar radiation averaged over a season are considered.



2. MEAN DAILY INSOLATION

In our calculations and for the northern hemisphere, the summer
season is arbitrary defined as running from vernal equinox over summer
solstice to autumnal equinox and spanning 180°; consequently, the
planetocentric longitudes of the Sun A, = 180° and )\@# 360° mark the
beginning and the end of the winter period. In the southern hemi-.
sphere, the solar longitude intervals (O, 180°) and (180, 360°) devide...v

the year into astronomical winter and summer respectively.
The daily insolation can be expressed as :

ID = [SOT(1+e cos W)z/n aé (1-e2)2] (ho sing sin 6® + sin hocos @ cos 6®)
(1)
where So is the sqlatzconstaT: at the mean ;un-Ear_t; distarlﬁe of 1AU
taken at 1.96 cal cm (min) or 2.82 x 10”7 cal cm (day) (Wilson,
1982), T is the sidereal day, e is the eccentricity, W is the true
anomaly, aeis the semi-major axis, ho is the local hour angle at sunset
(or sunrise), ¢ is the planetocentric fatitude and 6® is the solar

declination.

Furthermore, W, ho and 6® can be calculated from the following

well-known relationships :

- _ )
W= Ag A | (2)
ho = arc cos (- tan 6® tan @)
. , 1/2
= arc cos [ - tan @ sin € sin )\O/(l' - sin2 £ sin2 )\G) / (3)
and
sin 6® = sin € sin )‘(D ‘ | (4)



~

where Ap and €, as mentioned earlier, are the longitude of perihelion

(sometimes called argument of perihelion) and the obliquity.

The mean (summer, winter or annual) daily insolations, hereafter
denoted as (ID)S’('D)W and (ID)A
grating relation (1) within the appropriate time limits, yielding the total

respectively, may be found by inte-

insolation over a season or a year, and by dividing the obtained resuit
by the corresponding length of the summer (Ts) or winter (TW) or
tropical year (To)' For the calculation of Ts or Tw we refer to Van
Hemelrijck (1982e).

As an example, (TD)A may be written under the form (Vorob'yev
and Monin, 1975; Van Hemelrijck, 1982e) :

(o]
(I, (1/To)f_o 1) at

2n
{So T sin ¢ sin e/[2n2(1 2 1/2 2 ]

f (h - tan h) sin )\Qd)b
(5)

where the dependence of ho in terms of A@ is given by the second
equality on the right hand side of relation (3). It should be pointed out
that, considering the complexity of the integrand, equatioh (5) has
generally to be integrated numerically. However, it is easy to show that
at the poles, the mean annual daily insolation is given by (Murray
et al., 1973; Ward, 1974; Vorob'yev and Monin, 1975; Van Hemelrijck,
1982e) : '

= 1/2 2

- ‘ 6

(I)), = ST sin g/n(l-e ) ag (6)

Expressions (5) and (6) clearly state that the average yearly insolation

is independent on the longitude of perihelion Ap.



In the following sections we have studied three orbital situations.
In the first configuration we treated e = 0, 0.075 and 0.15 for £ = 25°
and Ap = 250°. The data for e represent approximately the minimum and
the maximum value of the orbital eccentricity of Mars during its early
history and the midpoint between the two; the values for &£ and )\p

correspond to the present orbital elements.

In the second model, we have analyzed the cases when £ = 15, 25
and 35° for e = 0 (circular orbit) and )\p = 250°. The values of ¢
represent the extreme reasonable values and the average one for the

currently accepted periodic cycle.

In the last example, we put Ap = - 90 (or 270), O (or 180) and
90° with e = 0.075 and € = 25°. )\p = - 90 and 90° signify respectively
that winter and summer solstices occur at the perihelion passage of the

planet; )\p = 0° means that perihelion is at vernal equinox.

2.1. First configuration (e = 0, 0.075 and 0.15, € = 25°, )\p = 250°)

Fig. 1 illustrates calculations of the mean summer daily insolation
as a function of latitude for £ and Ap respectively equal to 25° and 250°
and for the three adopted values of the eccentricity. The non-coinci-
dence at the equator of the two curves representing the northern and
southern solar radiation distributions for e = 0.075 and 0.15 is owing to
the arbitrary chosen definition of the summer season in both hemi-

spheres.

From Fig. 1 it is obvious that the solar radiation distribution
curves are roughly parallél and that the peak insolations occur at
approximately the same latitude. It can also be seen that the summer
insolations of the northern and southern hemisphere become asym-
metrical for e # 0. This insolation imbalance evidently vanishes for a

circular orbit. The mean summer daily insolation for an eccentric orbit
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and at a given latitude is higher in the southern hemisphere than it is
in the northern hemisphere, the ratio of both insolations being
0.15 and e = 0.075 at all

latitudes. It is instructive to note that the value of those ratios

respectively equal to 1.43 and 1.19 for e

corresponds to the ratio of the length of the northern summer to the
length of thé southern one for the two orbital configurations. Further-
more, Fig. 1 clearly demonstrates that, in both hemispheres, the
equatorial summertime insolation exceeds the solar radiation incident at
the poles. The percent difference amounts to . about 13% and is

independent on the eccentricity.

An analysis of Fig. 1 also reveals that in the hortlzmern hemisphere
(-ID)S decreases with increasing eccentricity; in the southern hemi-
sphere the steady increase of e is accompanied by a corresponding gain
of (TD)S. It is found that the variation of the mean summer daily inso-
lation when e changes from 0 to 0.15 is of the order of 14% (northern
hemisphere) and 23% (southern hemisphere) and that the rate of de-

crease or increase is latitudinal independent.

The distribution pattern of the mean winter daily insolation for the
model under consideration is shown in Fig. 2. Again, for an eccentric
orbit, an hemispheric seasonal asymmetry exists in that their is signifi-
cantly more insolation over the northern hemisphere than over the
southern hemisphere. ‘Simi‘larly 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 latitudes.

As the'eccentricity increases, mean wintertime insolation increases
in the northern hemisphere, in the southern hemisphere the opposite
effect is found. The increase (23%) and decrease (14%) equal those

obtained during the summer season.

-11-
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Finally, and as previously stated by Murray et al. (1973) and
Ward (1973, 1974), the annual average insélation at the geometric poles
of Mars varies by only about 1% between the two extremes of the ec-
centricity. This finding can easily be verified by application of
expression (6). Moreover, Eelation (5) indicates that this maximum

difference remains constant over the entire latitude interval.

Although thé resulting alteration in the mean annual daily in-
solation is only of the order of 1% as the eccentricity varies from 0 to
0.15, it follows that the mean seasonal daily insolations are quite sensi-
tive to changes in e, exhibiting a 1.8 to 2.3 x 106 year periodicity in

amplitude with maximum percent differences of about 23%.

2.2. Second configuration (¢ = 15, 25 and 35°, e = 0, Ap = 250°)

The mean summer, winter and annual daily insolations as - a
function of Iatitudé, for various values of the obliquity and where e = 0
and Ap' = 250° are respectively given in Figs. 3, 4 and 5. Furthermore,
Fig. 6 represents the percentage differences as a function of latitude
for the two extreme values of the obliquity. It should be pointed out
that for a circular orbit the solar energy distribution curves are per-

feétly symmetric with respect to the equator.

Fig. 3 clearly illustrates the sensitivity of the summertime in-
solation to changes:in the obliquity (contrast this diagram with Fig. 1).
From the figure it is obvious that the mean summer daily insolation at
.the poles is strongly depéndenf on the obliquity, whereas the equatorial
solar energy is only a weak function of €. Indeed, over the total obli-
guity interval, the polar insolation ranges from about 200 (e = 15°) to
450 cal cm-2 (planetary day)-1 (e = 35°), the equatorial energy de-
position varies between approximately 355 (& = 35°) and 385 cal cm-2
(planetary day)-1 (¢ = 15°). In other words, the solar radiation

incident at the  poles exhibits a more than twofold increase in going

-13-
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from the minimum to the maximum value of £, whereas the corresponding
equatorial decrease is of the order of 7% (see also Fig. 6). Further-
more, it can also be seen from Figs. 3 and 6 that above a latitude near
15° the summertime insolati'on increases with increasing obliquity; below
the above mentioned latitude the opposite effect is found. Another
characteristic feature is that, for & = 35°, the summer polar energy
exceeds the equatorial one and that at latitudes greater than ap-
proximately 40° the summer average insolation does not varies sub-

stantially.

The mean winter daily insolation is shown in Fig. 4. The curves
are nearly parallel and, over the entire latitude range, the increase of
the obliquity is accompanied by a corresponding decrease of the solar
radiation received in winter. Fig. 4 and especially Fig. 6 reveal that
the solar energy distribution curves in winter, at least at high lati-
tudes, are less sensitive to variations in the obliquity than the summer
ones. At equatorial and mid-latitudes, the percentage differences are
higher in winter than in summer (except at the equator were they are
equal). Maximum percentage differences of the order of 60% are attained

in the 60-80° latitude interval.

Fig. 5 prese.nts plots of the annual average solar radiation for the
three obliquities. Similar calculations were made for the first time by
Ward (1974) (see also Toon et al., 1980). He argued that the polar in-
solation virtually doubles if & increases from the minimum to the
maximum value, but that conversely the equatorial energy deposition
declines. This is obviously demonstrated in Figs. 5 and 6 where it can
also be seen that the increase of € causes the equatorial insolation to
reduce by about 7% and that the critical latitude past which the yearly
insolation at high obliquities exceeds that at lower obliquities is situated

near approximately 40°.

-15-
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2.3. Third configuration '()\p = -90, 0 and 90°, e = 0.075, € = 25°)

The effect of the argument of perihelion fluctuation on the mean
summer and winter daily insolations is respectively given in Figs. 7 and
8. It has to be pointed out that the precession of the perihelidh‘.
position causes no variation in the average yearly insolation '(Toon:
et al., 1980). ' ‘

As expected, there is complete symmetry between the two hemi-
spheres for )\p = 0° (or 180°). On the other hand, the northern
summer distribution curve for Ap = -90° (or 90°) and the southern
summer one for Ap = 90° (or - 90°) are perfectly symmetric with
respect to the equator. This is easily explained by observing that the
length of the nbrthern summer for Ap = - 90° (90°) equals the length of
the southern summer for )\p = 90° (- 90°). This findings are evidently

valid for the wintertime insolations (Fig. 8).

Comparison of the curves represented in Fig. 7 reveals that the
‘insolation distributions for Ap = - 90 and 90° practically parallel the
mean summer daily insolation for )\p = 0°.4 The alteration of (ID)S in
the northern hemisphere with the 5.1 x 10 year precessional cycle can
easily be derived from Fig. 7: it increases in the 0-90° longitude of
perihelion interval, reduces if )\p ranges from 90 over 180 (or 0) to
270° (or - 90) and enhances again if Ap varies from 270 to_ 360°. The
m_aximum percentage difference 100 x [(ID)S(QO) - ('D)S(-SO)]/
(|D)S(-90) amounts to about 21% and remains constant over the entire
latitude range. It is worthwhile to notice that this constant difference
equals the ratio of the lengths of the northern summer for Ap = - 90
and 90° respectively. Fig. 7 also clearly indicates that in the southern
hemisphere the behavior of the curves, when )\p passes from 0 to 360°,
is completely reversed compared to that in the northern summer hemi-

sphere. The maximum percentage difference, computed in the same way

as above, yields - 17%.

-19-
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Finally, the long-term mean winter daily ‘insolation changes are
shown in Fig. 8. The upper curves depict a substantial loss of (-'D)W
in going from A = - 90 to )\p = 90?%; the lower plots manifest a gain of
solar energy over the same longitude of perihelion interval. Although
the distribution curves are more closely spaced at polar latitudes than
at mid- and equatorial ones, the percentage differences between the
curves corresponding to the two extreme values of )\p are identical to
those obtained in Fig. 7, i.e. they are constant over the entire latitu-
dinal interval, the rise or 'Ioss of insolation being as much as 21 and

17%.

3. SUMMARY AND CONCLUSIONS
.In' the preceding sections emphasis is placed on the influence of
orbital element variations on the mean summer and winter daily inso-

lations on the planet Mars.

The principal results of this study may be summarized by the

following statements :

(1) Although (first configuration) (-ID)A varies by only about 1%
between the two extreme values of the eccentricity, the mean seasonal
insolations are much more sensitive (of the order of 20%) to change in
e, the percentage differences being independent on the latitude.

(2) For a lcircular orbit (second case), and in contrast to the first
situation, the fluctuations are found to be latitude dependent. In going
from the minimum to the maximum value of &, the behavior of the per-
centage difference distribution‘of (-ID)S and (TD)A is roughly similar (-
7% at the equator and over 100% at the poles). The critical latitudes
past which (-ID)s and (-'D)A at £ = 35° are greater than those at £ =
15° are respectively situated near 15 and 40°. The mean winter daily
insolations at high obliquities are always smaller than at lower
obliquities, the maximum percentage difference attaining about 60% in

the 60-80° latitude interval.
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(3) The insolation variations arising from fluctuations in )\p are
characterized by a percentage difference remaining constant as a
function of latitude. Although the precession of the perihelion bosition
has no influence on the daily insolatiouj averaged over a year, (-ID)s
‘and (ID)W A
seasonal average insolation variations being nearly similar to those

are markedly affected by the time of perihelion passage, the

obtained when the eccentricity oscillates between 0 and 0.15 (first

configuration).

in conclusion, we believe that long-term changes in the mean
summer and winter daily insolations on Mars caused by variations of the
Martian orbit, obliquity and equinoctial pre;essioh has to be taken into
account for é'better understanding of some as.pects of climate changes
on Mars. Although our qualitative and even our quantitative knowledge
of the quasi-periodic climate changes on Mars i_s quite well developed
(see e.g. Toon et al., 1980; Carr, 1982; Cutts, 1982 and Pollack and
Toon, 1982) it is obVious that much remains to be examiﬁed in order to
improve our understanding about the past and the present weather and

climate on Mars.
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