	Column content and percentage of major gases

	Species
	Earth (m-2)
	Mars (m-2)
	Mars (%)

	N2
	0.79
	3e-4
	2.7

	O2
	0.2
	1e-7
	0.13

	Ar
	0.01
	2e-4
	1.6

	CO2
	3e-4
	9e-3
	95.32

	H2O
	0.02
	1e-6
	0.03


MARS data collection

	

	Temperature and pressure of the Martian atmosphere vary with altitude.


Average surface pressure ~7mb

In cold weather, find H2O frost on the surface. 

There is CO2 ice in polar caps. Most of it evaporates in summer. 

Water ice in the polar caps. Maybe some under the surface. But how much?

Mars has a very thin atmosphere composed mostly of the tiny amount of remaining carbon dioxide (95.3%) plus nitrogen (2.7%), argon (1.6%) and traces of oxygen (0.15%) and water (0.03%). The average pressure on the surface of Mars is only about 7 millibars (less than 1% of Earth's), but it varies greatly with altitude from almost 9 millibars in the deepest basins to about 1 millibar at the top of Olympus Mons. But it is thick enough to support very strong winds and vast dust storms that on occasion engulf the entire planet for months. Mars' thin atmosphere produces a greenhouse effect but it is only enough to raise the surface temperature by 5 degrees (K); much less than what we see on Venus and Earth. 

Atmospheric composition (by volume): 

Major (percent): 

	Carbon Dioxide (CO2):  
	95.32

	Nitrogen (N2):
	2.70

	Argon (Ar):
	1.60

	Oxygen (O2):
	0.13

	Carbon Monoxide (CO):
	0.08


Minor (ppm): 
	Water (H2O):
	210.00

	Nitrogen Oxide (NO):
	100.00

	Neon (Ne):
	2.50

	Hydrogen-Deuterium-Oxygen (HDO):
	0.85

	Krypton (Kr):
	0.30

	Xenon (Xe):
	0.08


Early telescopic observations revealed that Mars has permanent ice caps at both poles; they're visible even with a small telescope. We now know that they're composed of water ice and solid carbon dioxide ("dry ice"). The ice caps exhibit a layered structure with alternating layers of ice with varying concentrations of dark dust. In the northern summer the carbon dioxide completely sublimes, leaving a residual layer of water ice. ESA's Mars Express has shown that a similar layer of water ice exists below the southern cap as well. The mechanism responsible for the layering is unknown but may be due to climatic changes related to long-term changes in the inclination of Mars' equator to the plane of its orbit. There may also be water ice hidden below the surface at lower latitudes. The seasonal changes in the extent of the polar caps changes the global atmospheric pressure by about 25% (as measured at the Viking lander sites). 

Mars' orbit is significantly elliptical. One result of this is a temperature variation of about 30 C at the subsolar point between aphelion and perihelion. This has a major influence on Mars' climate. While the average temperature on Mars is about 218 K (-55 C, -67 F), Martian surface temperatures range widely from as little as 140 K (-133 C, -207 F) at the winter pole to almost 300 K (27 C, 80 F) on the day side during summer. 

Vittorio Formisano of the Institute of Physics and Interplanetary Science in Rome, Italy, lead the team that made the recent announcement. In March the same researchers said they had detected methane in the Martian atmosphere. The scientists used the Planetary Fourier Spectrometer (PFS) on Mars Express, an instrument that maps infrared radiation on Mars. 

Now new PFS data shows that at 10 to 15 kilometers (6.2 to 9.3 miles) above the Martian surface, water vapor is well mixed and uniform. Close to the planet's surface, however, water vapor is two to three times more concentrated in three equatorial regions than in other areas. 

The data also shows concentrations of methane in the same areas where water vapor and underground water ice are more concentrated. A water-ice layer a few tens of centimeters (8 to 12 inches) below the surface was detected by NASA's Odyssey spacecraft, which is also orbiting Mars. 

"This overlap [of methane and water vapor] points to a common underground source in the same regions," Formisano said in an e-mail interview. 

Formisano stresses that an underground source doesn't prove there is microbial life. The methane could be a byproduct of volcanic gassing. Or it could be the chemical reaction between water and rocks in the soil and crust. 

However, there is a possibility that the methane is produced by organisms called methanogens, which are microbes that produce methane as a waste product of their life process. The gas would be released to the surface and into the atmosphere. 

Scientists have speculated that the methane-producing bacteria may live in water below the presumed ice table. 

Some scientists are skeptical about the detection of methane on Mars. Bruce Jakosky, a planetary geologist at the University of Colorado in Boulder, has studied atmospheric water on Mars for 25 years. He says he is not yet convinced that the methane measurements are real and statistically valid. 

      orbit: 227,940,000 km (1.52 AU) from Sun

      diameter: 6,794 km

      mass: 6.4219e23 kg

Gravity: .38 of Earth's
Mars has two tiny satellites which orbit very close to the martian surface: 

          Distance Radius  Mass

Satellite (000 km)  (km)   (kg)   Discoverer Date

--------- -------- ------ ------- ---------- ----

Phobos        9      11   1.08e16    Hall    1877

Deimos       23       6   1.80e15    Hall    1877

	Table 1. Table of Orbital Parameters

	Object
	Diameter(km)
	Density g/cm3
	Rotation Period (days)
	Obliquity
	Revolution Period (yr)
	Semimajor axis (AU)
	Orbit Inclination
	Eccentricity

	
	
	
	
	
	
	
	
	

	Sun
	1,391,400
	1.4
	25.4
	7o.25
	- 
	- 
	- 
	- 

	Mercury
	4,864
	5.5
	58.6
	<7o
	0.241
	0.387
	7.0
	0.206

	Venus
	12,100
	5.2
	243R
	179o
	0.615
	0.723
	3.39
	0.007

	Earth
	12,756
	5.52
	1.00
	23o.5
	1.00
	1.00
	0.00
	0.017

	Mars
	6,788
	3.9
	1.02
	25o.0
	1.881
	1.524
	1.85
	0.093

	Jupiter
	137,400
	1.40
	0.41
	3o.1
	11.86
	5.203
	1.31
	0.048

	Saturn
	115,100
	0.71
	0.43
	26o.7
	29.46
	9.54
	2.49
	0.056

	Uranus
	50,100
	1.32
	0.45R
	97o.9
	84.0
	19.18
	0.77
	0.047

	Neptune
	49,400
	1.63
	0.6
	28o.8
	164.8
	30.07
	1.78
	0.008

	Pluto
	5,800
	6?
	6.4
	? 
	284.4
	39.44
	17.17
	0.249

	R retrograde, From Carr M.H. The Surface of Mars 


The axis along which Mars spins is tilted at 25 degrees. This tilt is called the planet's obliquity and is similar to that of the Earth (Table 1, 23.5o). It is this obliquity that leads to the seasonal variations of incoming sunlight and temperature on Earth and Mars. For instance, in summer of the southern hemisphere on Mars, the South Pole is tilted towards the Sun. When it is summer in the southern hemisphere, it is winter in the northern hemisphere (and vice versa). 

The seasons on Mars are denoted by Solar Longitude (Ls) values (see figure below). Solar Longitude is the angle between the Mars-Sun line and the martian line of equinoxes. Ls = 0o corresponds to the spring or vernal equinox (when day and night time are of equal length) in the northern hemisphere of Mars. Ls = 180o is autumn equinox in the northern hemisphere and vernal equinox in the southern hemisphere. 

The orbit of Mars is also highly elliptical (elongation of a planet's orbit is called eccentricity) compared to that of the Earth, which is nearly circular. This means that the seasons on Mars are of unequal duration. For instance, southern summer is about 150 martian days whereas southern winter is 180 martian days. The martian year lasts 669 days (or 687 terrestrial days, the martian rotation period or day is only slightly longer than that of Earth, Table 1). At the perihelion of this orbit (the closest point to the Sun in the orbit of Mars) the southern hemisphere happens to be tilted towards the Sun. Therefore, not only is southern summer of short duration compared to northern summer it also receives significantly more sunlight. This affects surface temperatures (which are about 30oC higher during the summer in the south than the northern summer), wind velocity and the transport of dust (see Dust, Ice and Wind) 

	[image: image1.jpg]e





	Solar Longitude Ls and the Orbit of Mars


	Bulk Parameters
	Mars
	Earth
	Ratio
(Mars/Earth)

	Mass (1024 kg)
	0.6419
	5.9736
	0.107

	Volume (1010 km3)
	16.318
	108.321
	0.151

	Equatorial radius (km)
	3393
	6378
	0.532

	Polar radius (km)
	3373
	6356
	0.531

	Volumetric mean radius (km)
	3390
	6371
	0.532

	Core radius (km)
	1700
	3485
	0.488

	Ellipticity
	0.0065
	0.0034
	1.912

	Mean density (kg/m3)
	3933
	5520
	0.713

	Surface gravity (m/s2)
	3.69
	9.78
	0.377

	Escape velocity (km/s)
	5.03
	11.19
	0.450

	GM (x 106 km3/s2)
	0.04283
	0.3986
	0.107

	Bond albedo
	0.16
	0.385
	0.416

	Visual geometric albedo
	0.150
	0.367
	0.409

	Visual magnitude V(1,0)
	-1.52
	-3.86
	—

	Solar irradiance (W/m2)
	595
	1380
	0.431

	Black-body temperature (K)
	216.6
	247.3
	0.875

	Topographic range (km)
	36
	20
	1.800

	Moment of inertia (I/MR2)
	0.366
	0.3308
	1.106

	J2 (x 10-6)
	1960.45
	1082.63
	1.811


	Orbital Parameters
	Mars
	Earth
	Ratio
(Mars/Earth)

	Semimajor axis (106 km)
	227.9
	149.6
	1.524

	Sidereal orbit period (days)
	686.980
	365.256
	1.881

	Tropical orbit period (days)
	686.930
	365.242
	1.881

	Perihelion (106 km)
	206.6
	147.1
	1.404

	Aphelion (106 km)
	249.2
	152.1
	1.638

	Synodic period (days)
	779.94
	—
	—

	Mean orbital velocity (km/s)
	24.13
	29.79
	0.810

	Orbit inclination (deg)
	1.85
	0.00
	—

	Orbit eccentricity
	0.0934
	0.0167
	5.593

	Sidereal rotation period (hrs)
	24.6229
	23.9345
	1.029

	Equatorial inclination (deg)
	23.98
	23.44
	1.023

	Satellites of Mars
	Phobos
	Deimos

	Mean distance from Mars (km)
	9377
	23436

	Sidereal orbit period (days)
	0.31891
	1.26244

	Orbital inclination (deg)
	1.08
	1.79

	Orbital eccentricity
	0.0151
	0.00033

	Major axis radius (km)
	13
	8

	Minor axis radius (km)
	9
	5

	Mass (1015 kg)
	10.8
	1.8

	Mean density (kg/m3)
	1900
	1750

	Geometric albedo
	0.06
	0.07

	Visual magnitude V(1,0)
	+11.8
	+12.89


The small martian satellites Phobos and Deimos orbit in synchronous rotation with inclinations of only 0.01° and 0.92°, respectively, relative to the planet's equatorial plane. Thus, an observer at near-equatorial latitudes on Mars could occasionally observe solar eclipses by these satellites (see ref. 1, for example). Because the apparent angular diameter of the satellites is much smaller than that of the Sun, however, such events are more appropriately referred to as transits. Transit data can be used for correcting and refining the orbital ephemerides of the moons. For example, Phobos is known to exhibit a secular acceleration that is caused by tidal dissipation within Mars2, 

 HYPERLINK "http://www.nature.com/nature/journal/v436/n7047/full/" \l "B3" 3, 

 HYPERLINK "http://www.nature.com/nature/journal/v436/n7047/full/" \l "B4" 4. Long-term, accurate measurements are needed to refine the magnitude and origin of this dissipation within the martian interior as well as to refine the predicted orbital evolution of both satellites5, 

 HYPERLINK "http://www.nature.com/nature/journal/v436/n7047/full/" \l "B6" 6. Here we present observations of six transits of Phobos and Deimos across the solar disk from cameras on Mars aboard the Mars Exploration Rovers Spirit and Opportunity7, 

 HYPERLINK "http://www.nature.com/nature/journal/v436/n7047/full/" \l "B8" 8. These are the first direct imaging observations of satellites transiting the Sun from the surface of another planet.

	




Bulk parameters

Mass                          641.9e21 kg          0.107

GM                             42.83e3 km3/s2      0.107

Equatorial radius                 3393 km          0.532

Polar radius                      3373 km          0.531

Core radius                       1700 km          0.488

Flattening                    6.476e-3             1.912

Mean density                      3933 kg/m3       0.713

Moment of inertia coefficient    0.366             1.106

J2                            1.964e-3             1.811

Surface gravity                   3.69 m/s2        0.377

Escape velocity                   5.03 km/s        0.450

Topographic range                   36 km          1.800



Orbital parameters

Semimajor axis                 227.9e6 km          1.524

Sidereal period                686.980 d           1.881

Tropical period                686.930 d           1.881

Eccentricity                    0.0934             5.593

Inclination                       1.85 deg

Synodic period                  779.94 d

Mean orbital velocity            24.13 km/s        0.810



Radiative properties

Bond albedo                       0.16             0.416

Visual geometric albedo          0.150             0.409

Visual magnitude V(1,0)          -1.52

Solar irradiance                   595 W/m2        0.431

Black-body temperature           216.6 K           0.875



Spin properties

Epoch                           1994.0

North pole (RA and Dec)         317.64 deg / 52.86 deg

Obliquity                        25.19 deg

Argument of prime meridian      166.20 deg at epoch

Sidereal rotation rate     350.8919830 deg/d

Sidereal rotation period        24.623 h



Martian Atmosphere

Surface pressure              6.9 to 9 mb (Viking Lander 1 site)

Surface Density                 ~0.020 kg/m3

Scale height                      11.1 km

Mean molecular weight            43.34 g/mol

Average temperature               ~210 K

Diurnal temperature range   184 to 242 K (Viking Lander 1 site)

Wind speeds                     2 to 7 m/s (summer)

                               5 to 10 m/s (fall)

                              17 to 30 m/s (dust storm) (Viking Lander sites)

Composition (by volume):

  Carbon Dioxide  (CO2)       95.32%

  Nitrogen        (N2)        2.7%

  Argon           (Ar)        1.6%

  Oxygen          (O2)        0.13%

  Carbon Monoxide (CO)        0.08%

  Water           (H2O)       210 ppm

  Nitrogen Oxide  (NO)        100 ppm

  Neon            (Ne)        2.5 ppm

                  (HDO)       0.85 ppm

  Krypton         (Kr)        0.3 ppm

  Xenon           (Xe)        0.08 ppm



Satellites of Mars

                                  Phobos        Deimos
Mean distance from Mars           9377 km         23436 km

Sidereal orbit period          0.31891 d        1.26244 d

Orbital inclination               1.08 deg         1.79 deg

Orbital eccentricity            0.0151          0.00033

Major axis radius                   13 km             8 km

Minor axis radius                    9 km             5 km

Mass                           10.8e15 kg        1.8e15 kg

Mean density                      1900 kg/m3       1750 kg/m3

Geometric albedo                  0.06             0.07

Visual magnitude V(1,0)          +11.8           +12.89



Osculating Orbital Elements

Epoch                     JD 2449360.5

Mean distance                   1.5236 AU

Eccentricity                    0.0933

Inclination                       1.85 deg

Longitude of ascending node      49.58 deg

Longitude of perihelion         336.10 deg

Mean longitude at epoch         290.69 deg
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Development of an SwRI Mars Atmosphere Model, 15-9312
Principal Investigator
Geoffrey Crowley
Co-Investigators
Christopher Freitas
Mark Bullock
D. Boice
Leslie Young
C. Hackert
S. Chocron
G. Wene, UTSA
M. Westerhoff, UTSA
David Grinspoon
R. Link
W. Huebner
Inclusive Dates: 05/1/02 - Current
Background - The exploration of Mars is currently the centerpiece of NASA planetary research. This importance has been driven in recent times by the possibility that this planet was once more Earth-like than it is today. This possibility raises questions as to what processes and forces have modified the Martian environment and created the planet we observe today. In addition, the possibility of biological life on Mars, at sometime in its history, based on fossil records in meteorites has also spurred plans for significant planetary missions to Mars and the funding of supporting scientific research. The early exploration phase of Mars is somewhat complete, and over the short term (of a few years), a focus will be on the detailed interpretation of existing data and its use in the performance of modeling activities to support scientific understanding. These activities will be necessary and essential to support the design of future missions to Mars.
There are two primary questions that scientists wish to answer in the context of Mars. First, what processes and forces shaped the development of the present-day atmosphere and resulted in the presumed loss of water? And, second, did biological life develop on Mars? In this proposed effort, the team plans on initiating the development of a computational tool, a General Circulation Model (GCM), which will support research designed to answer the first question. The second question is presently outside the scope of this effort. However, it is likely that the answer to the second question will depend on the history of water on Mars. Several key issues are not addressed by existing models of the Martian atmosphere, and thus modeling of the Mars atmosphere remains a rich subject for investigation and funding. Of major scientific interest to NASA is the understanding of diurnal, seasonal, and epochal water transport and volatile loss. Volatile loss is a cornerstone of a number of important science questions because it must be understood to help explain the current atmospheric state and the relative lack of water on the planet. A complete GCM model that considers volatile loss processes must include explicit ground interaction with the lower atmosphere, vertical transport of H2O, and enough chemistry to reasonably represent the loss of H and H2 (and heavier species) from the upper atmosphere and exosphere. Including these regions in a Mars GCM allows for the estimation of global escape fluxes for the present time, which can then be extrapolated backward in time to post-cast the atmospheric state at significantly earlier time periods with different orbital elements.
Approach - The new Mars GCM will extend from the planetary surface to altitudes of approximately 500 kilometers, thus explicitly coupling the lower and upper atmospheres of Mars and overcoming deficiencies of existing models. It will include interactions between the ground and the atmosphere: specifically gas phase and dust particle exchange between the two regions and the effect of topography. The Planetary Boundary Layer (PBL) is essential to the dynamics of the lower atmosphere of any solid body with a sufficiently dense atmospheric mixture. It is at the ground surface where the fluid atmosphere interfaces to important sources and repositories of energy (thermal and viscous) and mass (chemical species and particles). The model will thus predict volatile loss, including the effect of ground interaction. The volatile transport will be simulated over both short (daily) and geological timescales to study the water distribution and to predict the D/H ratio of the present day atmosphere, thereby helping to constrain the history of water on the planet. The Mars ionosphere will be simulated with better chemistry than previous models. An embedded ionospheric module will provide improved ionospheric specifications needed to accurately simulate the D/H response.
Conceptually the project devolves into the following areas.
	a) Basics (radius, rotation rate, gravity)
	d) Radiative Transport

	b) Ground-atmosphere interaction 
	e) D/H Ratio

	c) Boundary layer/dust transportation
	 f) Ionosphere


The new model proposed for development at SwRI will solve the momentum and thermodynamic equations to predict temperature and wind fields from the surface (~6-mb pressure) to 10-10 mb pressure levels, which would include the entire Martian atmosphere. The model will use a sigma-coordinate system to account for topography. The model includes composition and chemistry modules, and solves for radiative transfer and a coupled ionosphere. One key aspect to modeling the Mars atmosphere is the inclusion of PBL processes, and the lifting of dust into the atmosphere. The model will be fully parallelized running on the SwRI Beowulf system.
Accomplishments - The model development is underway, and the team has generated a preliminary model of the Mars atmosphere down to the peak of Olympus Mons, including radiative effects and chemistry. The next step is to extend the model to the ground, and include the surface boundary conditions.
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Instrument Objectives

SPICAM: UV and IR Atmospheric Spectrometer


Why is the Martian atmosphere so oxidising?

If life ever existed on Mars, its traces have almost certainly long since vanished from the surface of the planet. Something in the Martian atmosphere interacts aggressively with surface materials to strip them of electrons. This process gives the surface of Mars its reddish hue by making iron in the soil turn rusty. Such oxidation would rapidly destroy organic molecules derived from life. But precisely what makes the Martian atmosphere so oxidising remains a mystery. Ozone (O3) is thought to be implicated, so, too, is UV light. Just how they reap their devastating effects is one topic to be addressed by SPICAM, the UV and IR atmospheric spectrometer on Mars Express.


The instrument

Like the other instruments featuring spectrometers on board Mars Express (OMEGA and PFS), SPICAM will derive information on the composition of the atmosphere from the wavelengths of sunlight that the atmosphere absorbs. The instrument consists of two sensors, one for UV light (118-320 nm), and the other for IR light (1-1.7 micron).




Breadboard model of SPICAM undergoing tests.

The UV sensor will take measurements in three different modes. In the first mode, called nadir pointing, the spacecraft will point directly at the centre of Mars and the UV sensor will measure sunlight which has travelled through the atmosphere after being reflected from the Martian surface. In the second mode, called stellar or solar occultation, the spacecraft will point across the atmosphere towards a star, or the Sun, seen emerging from behind the disc of the planet. From this position, the UV sensor will measure the light absorbed by the atmosphere directly from starlight or sunlight. In the third mode, called limb pointing, the sensor will point across the atmosphere, as during stellar occultation, but without a star being present. In this position, the UV sensor will measure the "glow" given off by the atmosphere. The IR sensor will be used in nadir mode only.


Measuring ozone and water vapour

In nadir pointing mode, the UV sensor will measure ozone, which absorbs 250 nm light, while the IR sensor measures water vapour, which absorbs 1.38 micron light, along the track of the orbit. These measurements will give the total amount of ozone and water vapour in columns of atmosphere with a 10 km2 cross section. "Over the lifetime of the mission, we should be able to build up measurements of ozone and water vapour over the total surface of the planet for the different seasons," says Jean-Loup Bertaux from the Service d'Aeronomie du CNRS, Verrihres-le-Buisson, France and Principal Investigator for SPICAM. "Our computer models of the chemical composition of the Martian atmosphere predict that ozone and water are strongly coupled. When you have ozone there's no water and vice versa. If we don't see this anti-correlation, we'll need to revise our model. If we see it, then the model will be validated".



The type of spectra SPICAM expects to see in nadir pointing mode, showing water and carbon dioxide bands.
The model is crucial to understanding the oxidising nature of the Martian atmosphere. "The model can compute some things that can't be measured at all, such as the OH radical," says Bertaux. The OH radical, which is created when UV light splits water vapour (H2O) into H and OH, could be the major oxidising component in the atmosphere. It is an aggressive molecule which combines with most other molecules to alter them completely. If it exists in the Martian atmosphere, it is unlikely that organic molecules, which form the basis of living matter, remain unaltered on the surface of the planet.




Simulated transmission spectra in stellar occultation mode for altitudes ranging from 10-150 km.

Stellar and solar occultation measurements with the UV sensor will be used to derive the vertical distribution of ozone and also carbon dioxide (CO2). As CO2 is the predominant atmospheric gas, its distribution will be used to derive the vertical density and temperature profile of the neutral atmosphere. Understanding the density profile in the upper atmosphere is important for future missions which might want to use friction with the atmosphere to brake a spacecraft gradually into a desired orbit (aerobraking), or even capture it from its interplanetary flight from Earth (aerocapture). "Measurements taken by Mars Global Surveyor, NASA's spacecraft now in orbit around Mars, seem to be suggesting that the atmospheric density is highly variable. We need to understand this variability to make predictions for future aerobraking or aerocapture," says Bertaux.




The north polar cap in winter and summer. Where does the water vapour that is frozen into the winter ice cap, go in summer?

SPICAM's vertical profile measurements for carbon dioxide and along track water measurements will complement those of another Mars Express instrument, the Planetary Fourier Spectrometer (PFS). "PFS is interested in the lower atmosphere, whereas SPICAM is measuring the density of carbon dioxide at altitudes of 20-300 km," says Bertaux. Nonetheless, the two instruments will be able to collaborate on water cycle studies. "In summer, water vapour comes out of the northern ice cap. But what happens to it? Does it go to the southern ice cap? Or is it trapped in the ground? We don't know. PFS, SPICAM and OMEGA will contribute to understanding the water cycle by taking and comparing measurements at different latitudes and during each season," he adds.


Ionospheric studies

When sunlight hits the upper atmosphere, it strips electrons from atoms and molecules to leave a layer of electrically-charged atmospheric gases known as the ionosphere. Electrically-charged molecules (ions) of carbon dioxide and carbon monoxide (CO) emit UV light at very distinct and characteristic wavelengths (200-290 nm). By detecting this emission, SPICAM will build up an image of the ionosphere.

The measurements will be taken across the limb during daytime when the emission is more intense. "We'll be monitoring the ionosphere by remote sensing. We'll measure the quantity of light in each spectral line and deduce how many ions there are in the line of sight," says Bertaux. The measurements will complement those taken by another Mars Express instrument, ASPERA, which has as one of its objectives to record the density of ions as the spacecraft flies through the ionosphere. "These measurements should allow us to make a diagnosis of the state of the upper atmosphere and its coupling with the ionosphere," says Bertaux. And that should help to answer another outstanding question about Mars - how was the dense, wet atmosphere of early times lost to space?

Principal Investigator Dr. Jean-Loup Bertaux, Service d'Aironomie, Verrières-le-Buisson, France
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ASPERA-3: Analyser of Space Plasmas and Energetic Atoms 
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MARSIS: Mars Advanced Radar for Subsurface and Ionosphere 
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OMEGA: Observatoire pour la Minéralogie, l'Eau, la Glace et l'Activité 
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Water vapour concentration
Water and methane maps overlap on Mars: a new clue?
 

20 September 2004
ESA PR 51-2004. Recent analyses of ESA’s Mars Express data reveal that concentrations of water vapour and methane in the atmosphere of Mars significantly overlap. This result, from data obtained by the Planetary Fourier Spectrometer (PFS), gives a boost to understanding of geological and atmospheric processes on Mars, and provides important new hints to evaluate the hypothesis of present life on the Red Planet.
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Arabia Terra
PFS observed that, at 10-15 kilometres above the surface, water vapour is well mixed and uniform in the atmosphere. However, it found that, close to the surface, water vapour is more concentrated in three broad equatorial regions: Arabia Terra, Elysium Planum and Arcadia-Memnonia. 
Here, the concentration is two to three times higher than in other regions observed. These areas of water vapour concentration also correspond to the areas where NASA’s Odyssey spacecraft has observed a water ice layer a few tens of centimetres below the surface, as Dr Vittorio Formisano, PFS principal investigator, reports. 

New in-depth analysis of PFS data also confirms that methane is not uniform in the atmosphere, but concentrated in some areas. The PFS team observed that the areas of highest concentration of methane overlap with the areas where water vapour and underground water ice are also concentrated. This spatial correlation between water vapour and methane seems to point to a common underground source. 
 
 



Methane concentration
 
Initial speculation has taken the underground ice layer into account. This could be explained by the ‘ice table’ concept, in which geothermal heat from below the surface makes water and other material move towards the surface. It would then freeze before getting there, due to the very low surface temperature (many tens of degrees Celsius below zero). 
Further investigations are needed to fully understand the correlation between the ice table and the presence and distribution of water vapour and methane in the atmosphere. 

In other words, can the geothermal processes which ‘feed’ the ice table also bring water vapour and other gases, like methane, to the surface? Can there be liquid water below the ice table? Can forms of bacterial life exist in the water below the ice table, producing methane and other gases and releasing them to the surface and then to the atmosphere? 

The PFS instrument has also detected traces of other gases in the Martian atmosphere. A report on these is currently under peer review. Further studies will address whether these gases can be linked to water and methane and help answer the unresolved questions. In-situ observations by future lander missions to Mars may provide a more exhaustive solution to the puzzle. 

Note to editors 

The result is reported today, 20 September, by Dr Vittorio Formisano at the International Mars Conference (19-23 September), organised by the Italian Space Agency (ASI) in Ischia, Italy. 

The objective of the PFS instrument is the study, with unprecedented spectral resolution, of temperature fields in the atmosphere, dust, variation and cycle of water and carbon monoxide, vertical distribution of water, soil-atmosphere interactions and minor gaseous species. From this, hints of extant life can be extracted (in terms of the presence of ‘biomarker’ gases and chemical study of atmospheric environmental conditions). 

The PFS is an Italian Space Agency instrument, developed by the Istituto di Fisica dello Spazio Interplanetario (IFSI) of the Istituto Nazionale di Astrofisica (INAF), in the framework of ESA's Mars Express mission. 
 
 
For more information please contact:
 
ESA Media Relations Division 
Tel: +33(0)1.53.69.7155 
Fax: +33(0)1.53.69.7690 

Vittorio Formisano, Mars Express PFS Principal Investigator
IFSI-CNR, Rome, Italy
Tel : +39 06 4993 4362
Email: formisan@ifsi.rm.cnr.it 
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OMEGA view of Martian south pole
Water at Martian south pole
 

17 March 2004
Thanks to ESA’s Mars Express, we now know that Mars has vast fields of perennial water ice, stretching out from the south pole of the Red Planet.
 
Astronomers have known for years that Mars possessed polar ice caps, but early attempts at chemical analysis suggested only that the northern cap could be composed of water ice, and the southern cap was thought to be carbon dioxide ice. 
Recent space missions then suggested that the southern ice cap, existing all year round, could be a mixture of water and carbon dioxide. But only with Mars Express have scientists been able to confirm directly for the first time that water ice is present at the south pole too.  
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OMEGA view of Martian south pole, showing water ice areas (blue)
Mars Express made observations with its OMEGA instrument to measure the amounts of sunlight and heat reflected from the Martian polar region. When planetary scientists analysed the data, it clearly showed that, as well as carbon dioxide ice, water ice was present too. 
The results showed that hundreds of square kilometres of ‘permafrost’ surround the south pole. Permafrost is water ice, mixed into the soil of Mars, and frozen to the hardness of solid rock by the low Martian temperatures. This is the reason why water ice has been hidden from detection until now - because the soil with which it is mixed cannot reflect light easily and so it appears dark. 
 
 
However, OMEGA looked at the surface with infrared eyes and, being sensitive to heat, clearly picked up the signature of water ice. The discovery hints that perhaps there are much larger quantities of water ice all over Mars than previously thought. 
Using this data, planetary scientists now know that the south polar region of Mars can be split into three separate parts. Part one is the bright polar cap itself, a mixture of 85% highly reflective carbon dioxide ice and 15% water ice. 
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HRSC partial view of Martian south pole where OMEGA found water ice
The second part comprises steep slopes known as ‘scarps’, made almost entirely of water ice, that fall away from the polar cap to the surrounding plains. The third part was unexpected and encompasses the vast permafrost fields that stretch for tens of kilometres away from the scarps. 
The OMEGA observations were made between 18 January and 11 February this year, when it was late summer for the Martian southern hemisphere and temperatures would be at their highest. Even so, that is probably only –130 degrees Celsius and the ice that Mars Express has observed is a permanent feature of this location. 

During the winter months, scientists expect that carbon dioxide from the atmosphere will freeze onto the poles, making them much larger and covering some of the water ice from view. 

Mars Express and OMEGA will now continue looking for water ice and minerals across the surface of the planet. In May, another Mars Express instrument, the Mars Advanced Radar for Subsurface and Ionospheric Sounding (MARSIS), will begin collecting data, looking for water underground. 

It will be particularly exciting when MARSIS looks at the south pole because, once planetary scientists know how deep the ice reaches, they will be able to calculate exactly how much water there is. Knowing this is very important to understand how Mars evolved and if it ever harboured life. 
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