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Abstract

A general circulation model of the Martian atmosphere is coupled with a 3-dimensional

polythermal ice-sheet model of the polar ice caps. With this combination a series of

experiments is carried out to investigate the impact of long term obliquity change on

the Martian north polar ice cap (NPC). The behaviour of the NPC is tested under

obliquities of θ = 15◦, 25◦ and 35◦. With increasing obliquity the area covered by the

NPC gets smaller but does not vanish. However, when started from an ice free condition

the models develop an ice cap only for low obliquities. The “critical” obliquity at which

a build up of a new polar cap is possible is θ = 22◦.

1 Introduction

Like the Earth, Mars has polar ice caps. From satellite observation we know that the

Martian polar regions show structures, the so called polar layer deposits, which lead

to the assumption of periodic climate changes recorded within the polar caps. To un-

derstand how the layered deposits and the ice-caps evolve during Mars’ strong orbit

driven climate variations, numerical simulation of the involved physical systems atmo-

sphere and ice are necessary. The residual ice caps and the underlying layered deposits

are considered to be geomorphological units and shall be referred to as the north- and

south-polar cap (NPC/SPC), respectively.

Established modelling groups work on Martian atmosphere at Laboratoire de Mé-

téorologie Dynamique du C.N.R.S. (LMD/CNRS) and the University of Oxford, Atmo-

spheric, Oceanic and Planetary Physics (AOPP) on the European GCM (Read et al.

1997, Forget et al. 1999), at Ames Research Center on the NASA Ames Research cen-

tre’s GCM (Pollack et al. 1990), and on the ‘SKYHI’ model (Richardson and Wilson

2002b). The models, all derivatives of Earth General Circulation Models (GCMs), solve

the equations of fluid dynamics and include e.g. the processes of radiative transfer,

cloud formation, regolith-atmosphere water exchange, and advective transport of dust

and trace gases. They take into account the topography of the Martian surface and

include the altitude region between 0 and about 80 km to 120 km, depending on the

specific model. These state-of-the-art models reproduce the observed temperature struc-

ture, pressure variations and water cycle reasonably well. Such models, however, have

in common that they are designed to simulate the present atmosphere in as much de-

tail as possible. Consequently, they are computationally too expensive to permit long

term paleoclimate studies. The longest integrations so far, used to create the Martian

Climate Database (Read et al. 1997), cover a few Martian years whereas paleostudies
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require integrations over a few million years to cover the Martian obliquity cycles with

periods of 125 ky and 1.3 My.

On the other side, simple one-dimensional models have been used to study specific

processes that do not require full solution of the dynamic equations. Examples are the

radiative transfer model by Gierasch and Goody (1968), the energy balance model by

Armstrong et al. (2004), regolith-atmosphere water exchange by Jakosky (1985) and

water ice formation by Michelangeli et al. (1993). Our model, the Planet Simulator

Mars, is designed to close the gap between these simple models and the fully complex

GCMs. Earth Models of Intermediate Complexity as well as simplified GCMs have

successfully been used to simulate terrestrial climate transitions (e.g., Petoukhov et al.

2000, Stenzel and von Storch 2004).

A recalculation of the orbital parameters obliquity, eccentricity, and longitude of

perihelion relative to the ascending node for the last 10 million years has been published

recently by Laskar et al. (2002, 2004). These orbital parameters will be used to force

our model in further experiments.

To understand the behaviour of the Martian ice caps at different climate conditions

a second model is needed to simulate the ice physics. SICOPOLIS (SImulation COde

for POLythermal Ice Sheets), a three-dimensional, dynamic/thermodynamic ice-sheet

model, provides this capability, as can been seen in the studies Greve et al. (2004),

Greve and Mahajan (2005) and Greve (2006). This paper presents the coupling of

the atmospheric model Planet Simulator Mars with the polythermal ice-sheet model

SICOPOLIS and some first results obtained with the coupled version. In section 2 and

3, respectively, we describe the models and the experiments. In section 4 we present and

discuss the results. Our conclusions are summarised in section 5.

2 Model description and coupling

2.1 The models Planet Simulator Mars and SICOPOLIS

The Planet Simulator is a circulation model, which includes the dynamical core, pa-

rameterisations and subsystems, and a graphical user interface with user friendly model

starter and on the fly display and interaction. The complete model package including

sources and documentation is available at www.mi.uni-hamburg.de/plasim. The Planet

Simulator Earth (Fraedrich et al. 2005a), in particular its atmospheric module PUMA

II, is the basis for the development of Planet Simulator Mars (Segschneider et al. 2005),

which is a spectral circulation model of the Martian atmosphere. It simulates the at-

mospheric motions by integration of the primitive equations. Sub-scale processes are
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parameterised in simple numeric schemes. The ice-sheet model SICOPOLIS was de-

veloped in the mid-1990’s for terrestrial applications (Greve 1997) and has later been

adapted to the polar caps of Mars. It solves the prognostic ice-flow equations based

on the shallow-ice approximation (Hutter 1983, Morland 1984). Inputs from the envi-

ronment are specified by the mean annual surface temperature, the net surface mass

balance (ice accumulation minus ablation, which can be equated to precipitation minus

evaporation under Martian conditions) and the basal (“geothermal”) heat flux from the

underlying lithosphere. The numerical solution of the model equations is carried out

by a finite-difference integration technique. A large part of the properties of the mod-

els Planet Simulator Mars and SICOPOLIS is described in Segschneider et al. (2005)

and Greve et al. (2004), Greve and Mahajan (2005) and Greve (2006). Therefore this

paper discusses only the differences made since the publication of the aforementioned

papers. These changes constitute mainly of the coupling of the ice and atmosphere com-

ponents and are covered extensively. Unlike the version described in Segschneider et al.

(2005), the current version of Planet Simulator Mars now includes a hydrological cycle.

The parametrisation is mostly identical to that of the original Planet Simulator Earth

(Fraedrich et al. 2005b,a, Lunkeit et al. 2004). The water cycle is described below:

Water vapour is distributed within the atmosphere by advection, calculated from the

corresponding prognostic equation and through vertical diffusion. The atmosphere loses

water by condensation which takes place when the specific humidity reaches saturation.

In Planet Simulator Earth the saturation pressure of water vapour is calculated accord-

ingly to the Magnus-Teten-formula for water vapour over liquid water (Lowe 1977). That

means:

Ew = A exp

(
B(T − 273.16 K)

T − C

)
, (1)

in which A = 610.78 Pa, B = 17.2693882 and C = 35.86 K. Since liquid water does

not currently exist on Mars the model has to be adjusted regarding this point. To

account for this the saturation pressure is calculated with the Magnus-Teten-formula for

water vapour over ice (Murray 1967), which is similar to Eq. (1) but with the values

A = 610.66 Pa, B = 21.875 and C = 7.65 K. When water condenses in the air it falls

out instantaneously and is stored on the surface as snow under Mars conditions. Clouds

are formed and affect radiation but do not store water. The cloud cover and cloud

liquid water (equivalent) are derived as diagnostic variables from relative humidity. The

scheme used for the cloud cover

cc = min

(rh− rhc

1− rhc

)2

, 1

 , (2)
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with relative humidity rh and the critical relative humidity rhc = 0.85 has been adapted

from Slingo and Slingo (1991). Cloud liquid water equivalent clw in kg/kg is derived in

the following way:

clw =
clw0

ρ
exp

(
− z

hl

)
, (3)

where ρ is the density of air, clw0 = 0.21× 10−3 kg/m3 and hl the vertically integrated

water vapour.

Local negative specific humidity which is an artifact of the spectral method, is cor-

rected by a simple scheme which conserves the global amount of water by setting the

specific humidity to zero at places where it is negative and by reducing the humidity

globally by a factor equivalent to the water mass added. Evaporation from the surface

is controlled by surface temperature, saturation pressure, wind speed and the properties

of the surface:

LFq = LρChCw |~v|
(
δqt+∆t − qs

)
, (4)

in which L is the latent heat of sublimation, Fq is the surface flux of moisture, ρ is the

density of air, Ch is the transfer coefficient of heat, |~v| is the absolute value of horizontal

velocity in the lower-most model layer, δqt+∆t the change of specific humidity in the

lowest model layer, qs is the saturation pressure at the surface and

Cw =


min

(
Wsoil

fCw Wmax

, 1

)
, soil,

1 , ice or snow

(5)

is a “wetness”-factor accounting for the different evaporation efficiencies of the surface.

In Eq. (5) Wsoil is the actual content of the ground and Wmax = 0.5 m is the maximum

water capacity of the ground. The factor fCw is set equal to 0.4 to facilitate a slow out-

gasing of water vapour from the regolith even though the water content of the regolith is

minimal. Cw is very small for the regolith and is set to unity for the glacier covered north

pole and snow covered ground. Furthermore, an assumption has to be made about the

global water distribution in the regolith. For our experiments we use a globally uniform

ground storage of Wsoil = 0.0025 m liquid water equivalent at simulation start, which is

not replenished, as water is accumulated on the ground as snow and no condensation of

water vapour takes place underneath the surface. The heat transfer and drag coefficients

are calculated based on Monin-Obukhov similarity theory following Louis (1979).

The amount of incoming solar radiation is based on the orbital configuration of the

planet. Absorption, reflection and transmission of short wave radiation are calculated

at each model layer in two distinctive bands, visible and near infra-red, respectively.
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Absorption due to dust in the atmosphere is not prescribed in the presented experiments

to simulate a clear sky. Test runs with a globally uniform opacity larger than zero due to

dust show a warmer and slightly moister atmosphere than in the experiments described

below. Long wave radiation from the surface is partly absorbed in the atmosphere

depending on water vapour distribution and by CO2 as a function of pressure. Clouds

though only present as diagnostic conditions affect the radiation in the model due to

reflection, absorption and emission depending on cloud cover and cloud liquid water

equivalent as described above in Eqs. (2) and (3). At the present day atmospheric

condition on Mars, water clouds with their typical optical thickness of τ = 0.0 to 0.5, as

described by Zasova et al. (2006), play only a small role in the global radiation budget

(Zurek et al. 1992, page 864). This is not necessarily the case for past climate states

of Mars. The models main purpose is to simulate long term climate changes and so

radiative effects of clouds are included.

Planet Simulator Mars and SICOPOLIS are numerical models which operate on

different spatial and time scales. This would make a direct coupling of the two models

difficult and not very sensible because of the short term fluctuation of the atmosphere.

The development of the ice cap is driven by the longterm climate mean. This legitimates

the choice to force the ice model with climatological means from the atmospheric model.

2.2 Interpolation of Planet Simulator Mars data onto the

SICOPOLIS grid

SICOPOLIS has a horizontal resolution of 91 × 91 grid points at a distance of 20 km.

The grid is centred on the pole. The Planet Simulator Mars uses a Gaußian grid of

64× 32 points. Along a circle of latitude the distance between two gridpoints is 5.625◦.

On Mars at 80◦ latitude this corresponds to a distance of 58 km and at 70◦ to a distance

of 114 km. Along the meridians both the distance in degree and meter vary.

The grid resolution of SICOPOLIS is much higher than that of the Planet Simulator

Mars. To prepare the boundary data from Planet Simulator Mars for the use with

SICOPOLIS, an interpolation scheme has to be used. There are several ways to do this

(e.g., Press et al. 1992). Herein a triangulation scheme as described by Cline and Renka

(1984) is used.

2.3 Model topography and boundary conditions

In its normal configuration the Planet Simulator Mars uses an orography that has been

derived from the MOLA topography (Segschneider et al. 2005, Smith et al. 1999). This
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includes, naturally, the ice caps. The Planet Simulator Mars uses a glacier map to

distinguish between ice- and regolith-covered ground. In its basic configuration, this

glacier map covers the northern most grid points of the model. The albedo depends on

the surface characteristics. For regolith the albedo is uniformly set to 0.2 while for CO2

covered ground an albedo of 0.6 is being used. Snow covered regions obtain an albedo of

0.4 to 0.8 depending on depth. The heat capacity of the surface depends on the material,

regolith, snow or ice, respectively. The heat capacity

ctop =
csnow csoil ztop

csnow zsoil + csoil zsnow

(6)

of the upper

ztop = zsoil + zsnow = 0.2 m (7)

is calculated from heat capacities of soil (csoil = 1.07×106 J m−3 K−1) and snow (csnow =

2.115× 106 J m−3 K−1) (Kossacki and Markiewicz 2002).

To set up different initial conditions for SICOPOLIS, e.g. a model start with no

present north polar ice cap, the same has to be done for the Planet Simulator Mars too.

So the glacier map and the orography have to be adjusted accordingly.

Since the bedrock topography under the ice cap is unknown, it is interpolated from

the surrounding topography (Greve et al. 2004, Mahajan 2005). A simple solution for

an experiment without initial ice cap is to interpolate the bed rock topography for the

Planet Simulator Mars as well. Figure 1 depicts the Planet Simulator Mars orography

with and without the present ice cap.
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Figure 1: The Planet Simulator Mars orography (a) with and (b) without the north
polar ice cap. The elevations give the heights above the lowest point in the model
domain rather than the deviation from the reference geoid.
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3 Experiments

Two series of experiments are carried out with this coupled atmosphere-icesheet model

to probe the impact of secular climate changes on the north polar ice-cap. In the first

experiment (Sec. 3.1) we assess the impact of different obliquities on the present north

polar cap. The second set of experiments (Sec. 3.2) looks into the question under which

obliquity constraints a new north polar ice-cap can be formed.

Our experiments are carried out with three constant obliquity angles and not with

slowly varying inclination of the rotation axis to save computation time and to under-

stand the steady-state climate condition at a given obliquity. For the future longer

experiments with transient changes of obliquity, eccentricity, and longitude of vernal

equinox are planed. We chose obliquities of 15◦, 25◦, and 35◦, because they represent

the minimum, average (and present day) and maximum obliquities in the last 4 million

years (Laskar et al. 2004).

3.1 Experiment (ICE) with present ice cap

These experiments simulate the development of the north polar cap (NPC) over the

time-span of 25 million years, the atmospheric fields being computed by the Planet

Simulator Mars by using the present day topography shown in Fig. 1a. Note that, by

contrast, SICOPOLIS starts from an ice free ground. The coupling in this experiment

is working in one direction only: The atmospheric model’s average fields are used as a

constant boundary condition for the ice sheet model.

In the first step, as detailed in section 2, the atmospheric part of the model is inte-

grated with three different constant obliquity values for two years:

1. ICE15 with θ = 15◦,

2. ICE25 with θ = 25◦, and

3. ICE35 with θ = 35◦.

All other boundary conditions are identical in the three model runs. The eccentricity

is fixed at e = 0.093 and the longitude of perihelion relative to vernal equinox is set to

ve = 250◦. From these runs the second years are used in a second step to calculate the

annual mean temperature (Fig. 2) and mass-balance (Fig. 3) fields to be used in the

subsequent ice-model integrations. In this set-up, three experiments are conducted with

SICOPOLIS using the three datasets from Planet Simulator Mars. As the forcing fields

are constant through out the integration with SICOPOLIS the amount of water on Mars

is not conserved.
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Figure 2: Annual means of temperature 2 m above the ground from the three ICE
experiments at (a) θ = 15◦, (b) 25◦ and (c) 35◦, respectively. The actual results from
the Planet Simulator Mars are interpolated onto the SICOPOLIS grid centred at the
north pole.
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Figure 3: Mass-balance from the Planet Simulator Mars for the three ICE experiments,
interpolated onto the SICOPOLIS grid centred at the north pole at (a) θ = 15◦, (b) 25◦

and (c) 35◦, respectively.
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3.2 Experiment (NO-ICE) with no initial ice cap

To test the impact of the presence or absence of the NPC on the atmospheric circulation

at different obliquities, we present now an experiment with the coupled Planet Simulator

Mars, that starts with no initial NPC. Or to put it in another way: We test how the

coupling in the SICOPOLIS to Planet Simulator Mars direction works, as the prescribed

glacier and albedo maps are normally obtained from the ice sheet model, although in

this experiment the glacier and albedo maps are given as a starting condition and are not

results from a previous SICOPOLIS run. Another question we try to answer with this

experiment is, whether or at what obliquity a new NPC can be built after a complete

ablation during periods of very large obliquity.

A similar scheme as the one used to interpolate the Planet Simulator Mars data onto

the SICOPOLIS grid is now used to estimate the orography underneath the present ice

cap. The glacier mask is set to zero which implies that the albedo map is changed in the

north polar region to yield the regolith value. These are the only changes made from the

ICE experiment. Planet Simulator Mars is integrated with these boundary data with

constant obliquities of θ = 25◦, 15◦, and 35◦ each for two model years:

1. NO-ICE15 with θ = 15◦,

2. NO-ICE25 with θ = 25◦, and

3. NO-ICE35 with θ = 35◦.

Of the two years only the second one is used for analysis and the subsequent SICOPOLIS

runs. The ice-model is again integrated for each of the three obliquities under constant

boundary conditions for 25 million years. Like in the ICE experiment the forcing fields

are constant through out the integration with SICOPOLIS, so the amount of water on

Mars is not conserved.

4 Results and discussion

Looking at the results from the three ICE experiments, a strong dependence of near

surface air temperatures on obliquity can be found at all latitudes (Fig. 4a). While

the polar regions get warmer the lower latitudes are becoming colder as the obliquity

increases. The water content of the atmosphere is less affected by obliquity in the tropics

than in the polar regions. The ICE25 experiment shows the highest humidity (Fig. 4b).

This is a bit surprising when compared to the experiments by Mischna et al. (2003), who

find a vastly higher atmospheric water vapour content for θ = 35◦. The reasons stem
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Figure 4: (a) Zonal mean surface air temperature and (b) vertically integrated specific
humidity for the three ICE experiments. All graphs show annual mean values. The
dashed, solid and dash-dotted lines represent the obliquities of θ = 15◦, 25◦ and 35◦,
respectively.
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Figure 5: (a) Zonal mean surface air temperature and (b) vertically integrated specific
humidity for the three NO-ICE experiments. All graphs show annual mean values. The
dashed, solid and dash-dotted lines represent the obliquities of θ = 15◦, 25◦ and 35◦,
respectively.

from different boundary conditions for the simulation of the hydrological cycle. Mischna

et al. are generally using the parametrisations described in the work of Richardson

and Wilson (2002a); this includes a NPC covering the two northern most latitudes at

87.5◦N and 82.5◦N of the GFDL Mars-model. Planet Simulator Mars’ north polar ice

cap is smaller, consisting of the grid points at 85.761◦N. The different extension of the

ice cap results in different evaporation rates. Further, Mischna et al. are using a water

ice albedo of α = 0.38, which is the minimum albedo obtained in summer by James

and Cantor (2001) while the present study uses water ice albedo of α = 0.8, which

corresponds to the albedo of glacier surface on Earth. A further difference between the

two models is the treatment of latent heat. Following Zurek et al. (1992), Richardson

and Wilson (2002a) and Mischna et al. (2003) make the assumption that the heat from

evaporation or sublimation plays only an insignificant role in Martian climate system

as the amounts of water involved are very small. For this reason, their model neglects

latent heat. Planet Simulator Mars, on the other hand, simulates the heating or cooling

due to sublimation and evaporation, resulting in a negative feedback for atmospheric
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water vapour content. In the cases of low and medium obliquities with the associated

low insolation in the polar regions, the heat fluxes involved with the phase change of

water are small but for higher obliquities with higher insolation involved, the assumption

is not necessarily valid.

This unidirectionally coupled run gives a good first impression on the capability of

the fully coupled model. Different from the SICOPOLIS experiments without Planet

Simulator Mars (Greve et al. 2004), the SICOPOLIS runs from ICE show an ice cap

that is not symmetric around the pole illustrating the impact of atmospheric circulation

on the shape of the ice cap. This can be deduced from the different forcings used in the

two studies. While Greve et al. (2004) uses topographic data as in the present work, the

atmospheric forcings which are surface temperature, accumulation and ablation depend

purely on radiation balance. In case the mass balance would be controlled only by the

radiation budget, the ablation and accumulation would be purely functions of latitude

but with atmospheric circulation included, water vapour is transported from the place of

its origin and condenses elsewhere. Condensation takes place where the air is ascending

either forced by topography as can been seen at the large volcanos or by convergence

of the flow in the lower altitudes which are part of the meridional circulation. Of great

importance for the high precipitation rates over the north pole in our simulation is a

cross polar flow that branches out of the circum polar planetary wave. Longitudinal

temperature variations at the surface play only a minor role.

The impact of different obliquity angles can clearly be seen: The three experiments

give different mean growth rates in the first five million years of about 0.85 mm/a,

0.74 mm/a and 0.33 mm/a for ICE15, ICE25, and ICE35, respectively.

At θ = 15◦ the model results show the highest and farthest extending ice cap from

the three integrations. It reaches down to nearly 70◦N and grows during the simulation

period of 5 million years to a maximum thickness of about 4.3 km (Fig. 6a). For θ = 25◦

the ice cap extends southward to 83◦N and so is a bit smaller than the actual one.

After 5 million years it reaches a maximum thickness of 3.7 km (Fig. 6b). At θ = 35◦

SICOPOLIS produces a very small ice cap that covers the pole down to 85◦N and has a

maximum thickness of just about 1.6 km (Fig. 6c).

The NO-ICE experiment results in a quite similar meridional mean temperature

distribution outside the north polar region where ICE exhibits lower near surface tem-

peratures due to the higher albedo (Fig 5a). While the humidity in the lower latitudes

is approximately the same in both scenarios, the higher latitudes show much less atmo-

spheric water content (Fig 5b). As no perennial water ice cap is present in NO-ICE, the

water vapour in the atmosphere is replenished only by sublimation from the regolith,

depending on temperature of the surface and stability of the lower-most atmospheric
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Figure 6: Thickness of the ice cap after 5 Ma for the three ICE experiments at (a)
θ = 15◦, (b) 25◦ and (c) 35◦, respectively.

layer.

Figure 7 shows the precipitation – evaporation (P-E) for NO-ICE25. The temper-

atures around the north pole are significantly higher than in run ICE25 from the ICE

experiment (Fig. 2b, page 9). The mass balance for the ground (P-E) is negative for

almost the whole polar region. That implies that at an obliquity of θ = 25◦ no new

perennial ice cap can be build. The comparison with ICE shows on the other end the

growth of an already existing polar cap at the same obliquity. At θ = 35◦ we observe

the same condition: the growth of a new ice cap is not possible.

Further experiments with lower inclinations of the rotation axis can show at what

point it is possible to build up a new polar cap. At an obliquity of θ = 15◦ the models

show a new cap. So the point of ‘critical’ obliquity θcrit lies between 15◦ and 25◦. To find
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Figure 7: Mass-balance from the Planet Simulator Mars in the NO-ICE experiment,
run NO-ICE25.

this θcrit, we examine the obliquity range between θ = 15◦ and θ = 25◦. We are using

nested-intervals to check for θcrit. In this way we can confine the ‘critical’ obliquity to

θcrit = 22◦. To estimate at which obliquity an existing ice vanishes, experiments with

obliquities larger than θ = 35◦ have also been conducted up to obliquities of θ = 50◦.

They show no distinct upper boundary for the existence of a north polar ice cap.

The presented experiments examine long term constant climate conditions at fixed

orbital parameters which do not exist in the real world. A more realistic approach would

be to slightly change orbital parameters between model runs and allow for a bidirectional

feedback between the atmospheric and the ice part, as it is planned for the future. How

the results would differ is not easy to forecast, but the following results could be expected

to be probable: The albedo feedback is likely to accelerate the growth and the waning

of the ice cap. The threshold obliquity that triggers the build of a new ice cap would

not necessarily be the same obliquity found in this work but can be expected to exist.

5 Conclusions

From our model results it seems that the north polar cap (NPC) is sensitive to changes

in the obliquity of the planet. For the present cap at current orbital condition a growth

of the cap in the centre and a negative mass balance at the fringes are predicted. At

lower obliquity (15◦) the NPC spreads further southward and at higher obliquity (35◦) it

is only present in a small area around the pole. The ice lost from the poles is deposited

in the lower latitudes. These results are in good comparison to what has been expected

based on satellite observations (Head et al. 2003). One can speculate that only an
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ice cap that does not vanish during high obliquity periods, which can reach θ = 60◦

(Laskar et al. 2004), can grow through tens of millions of years and reach its current

thickness. The low accumulation rates are a result of the low water content of the

models simulated atmosphere. The atmospheric temperatures in the polar regions of

Planet Simulator Mars are lower than in the real Martian atmosphere. This is due to the

clear atmosphere approach we are taking here and the missing variation of atmospheric

CO2 content. Low temperatures again result in low water content. The approach of a

constant global mean surface pressure can lead to unrealistic temperature distributions

and meridional circulation patterns, especially in the polar night atmosphere. However

the simple parametrisation of a cut off temperature at 148 K which controls the seasonal

frost caps mitigates some of the problems created by using a constant CO2 atmosphere.

Comparing with Mars Global Surveyer Thermal Emission Spectrometer (TES) results

(Smith 2004, 2006), Planet Simulator Mars underestimates atmospheric water by a factor

of 5 to 10. However, the distribution of water vapour is well captured in our model apart

from the high southern sub polar water content which is largely an artifact of the model

spin-up and is reduced in subsequent years for longer integration than the cases presented

here (Fig. 4). For the experiments presented here, which deal with the water budget

in the higher latitudes of the northern hemisphere, the impact of the different water

vapour contents in the southern hemisphere is small, so we think that our results are

qualitatively reliable. As the model is further improved the problems with the water

content should vanish.

So far a functional coupled model of the Martian atmospheric general circulation has

been developed within this project. The atmospheric model has been coupled to the

ice sheet model SICOPOLIS. The Planet Simulator Mars now simulates successfully a

humid Martian atmosphere with a low dust content, the change of surface albedo due to

seasonal CO2 caps and perennial water ice caps in dependence of the orbital parameters

of Mars. However the development of Planet Simulator Mars / SICOPOLIS is being

continued. At the time this paper is written, the effects of dust as an absorber in the

atmosphere is included and a simple but more realistic CO2 cycle has been implemented.

In SICOPOLIS the model domain has been enlarged to cover glaciations in the higher

mid-latitudes. For the future we aim to use this improved version to simulate climate

cycles due to secular orbital changes.
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