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Abstract

In this paper, we present the first results of model simulations of the airglow response to gravity waves propagating in the Martian
atmosphere. This modeling activity has been done in support of the development of two systems to monitor gravity wave activity in the
Martian atmosphere through the measurement of contrast in the images of selected airglow features: a zenith-sky imaging system
(MARES-Ground) designed to operate from the ground, and an orbiter-based imaging system (MARES-GWIM). Both systems are also
briefly described here as well.
� 2005 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Atmospheric gravity waves can be generated in the lower
atmosphere by a variety of mechanisms (topography, fron-
tal collapse, convection, etc.). When these waves propagate
up into the atmosphere their amplitudes grow with altitude
as the background density decreases. Eventually they
break, transferring energy and momentum into the middle
atmosphere. It is now widely acknowledged that it is
important to include vertical momentum transport through
gravity waves in general circulation models (GCM)
describing the Earth atmosphere, since they can substan-
tially affect its circulation and thermal structure (McLan-
dress, 1998; Lindzen, 1973). GCM can produce a
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spectrum of explicitly resolved upward-propagating inertia
gravity waves. Those waves interact with the mean flow in
a manner consistent with that proposed by Lindzen (1981).
However, the simulations produced by GCMs run without
additional parameterizations of the main-flow drag are still
unrealistically close to the radiative equilibrium state.
There are a number of different parameterization schemes
to incorporate small-scale gravity waves effects in GCMs
and it is clear that observational data are crucial to evalu-
ate how realistic a certain parameterization is (Alexander
and Rosenlof, 2003).

Dynamical features in the Martian atmosphere have
been identified by several instruments. Images of clouds
from the Mariner and Viking spacecraft have revealed
the presence of dynamical structures such as lee waves
and gravity waves (Pettengill and Ford, 2000). Recently,
the Mars Pathfinder Atmospheric Structure Investigation
(ASI) retrieved information on Martian atmospheric struc-
ture from three science accelerometers that measured the
ed.
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deceleration of the probe at all levels in the atmosphere.
From the derived temperature profile, wave-like oscilla-
tions with an apparent vertical wavelength of �5 km are
evident at altitudes above 60 km (Magalhaes, 1999). The
amplitudes of these oscillations show a positive correlation
with the background static stability of the atmosphere,
consistent with an atmospheric gravity wave interpretation.
Also the amplitudes of these oscillations appear to be sat-
urated, suggesting energy and momentum deposition and
turbulent mixing.

Many papers have been published studying the dynam-
ical activity of the Mars atmosphere (see for example: Ban-
field et al., 2003; Forbes et al., 2001; Joshi et al., 1995).
Collins et al. (1997) analyzed the effects of inclusion of
gravity wave drag in a global circulation model by compar-
ing model initializations with and without gravity wave
with temperatures derived from the Mariner 9 IRIS instru-
ment (Santee and Crisp, 1993). They found that without
gravity wave drag, the global circulation model tempera-
ture field has excessively cold upper level polar regions.
Collins et al. (1997) show that in their model, the introduc-
tion of gravity wave drag can correct for such cold temper-
atures by adiabatically warming the atmosphere via a
dynamically induced circulation. One thing to consider is
that Collins et al. model top is below 80 km altitude and
therefore the Hadley circulation cell may not develop prop-
erly. Rafkin et al. (2001) has also observed that inclusion of
gravity waves in his model leads to improved agreement
with measurements. However, existing data lack the spatial
and temporal coverage needed to define the full range of
gravity wave drag variability and to relate quantitatively
possible radiative and mechanical forcing to observed fea-
tures. One attractive technique that can provide such infor-
mation is imaging of airglow features.

Airglow, as defined by Chamberlain (1995), is non-ther-
mal atmospheric radiation, excluding aurora and cataclys-
mic events such as lightning and meteor trails. The main
source of energy is the absorption of solar radiation in
the UV spectral region. On the dayside, excited states are
produced by resonance excitation, photodissociation, and
photoelectron impact

Hþ hm! H� ð1Þ
CO2 þ hm! Oð1S; 1DÞ;CO�;COþ�2 ð2Þ
O3 þ hm! Oð1DÞ þO2ða 1DgÞ ð3Þ
N2 þ hm! e followed by N2 þ e! N�2 ð4Þ

The eventual recombination of the resulting ions, electrons,
atoms, and unstable molecules produces additional excited
states:

Oþ2 þ e! OþOð1S; 1DÞ ð5Þ
OþOþM! O�2 ð6Þ
O�2 þO! Oð1SÞ ð7Þ
NþO! NO� ð8Þ
HþO3 ! OH�ðv ¼ 6–9Þ þO2 ð9Þ
A review of the work done on planetary airglows can be
found in Slanger and Wolven (2002).

All of these reactions contribute to the day airglow, also
called dayglow. The latter group of reactions (5)–(9) also
operates throughout the night, producing the night air-
glow, also called nightglow. Ion–electron recombination
reaction (5) occurs mainly in the ionosphere at higher alti-
tudes. The last four chemical recombination reactions (6)–
(9) tend to be concentrated in relatively thin vertical layers
(called the airglow layer on Earth, generally about 10 km
thick) due to the combination of the altitude dependences
of the source processes on the top side of the layer and
the loss through collisions on the bottom side of the layer.

The spatial and temporal variability of the intensity of
nightglow emissions can be used to characterize gravity
waves. The primary interaction mechanism is the increase
in chemical reaction rates as a gas volume is compressed
by the wave. While imaging a single airglow layer from
above (or below) allows the horizontal wavelength of the
gravity waves to be determined, by imaging simultaneously
two (or more) airglow layers at different altitudes the verti-
cal wave number can be recovered, allowing determination
of the wave intrinsic frequency and the vertical flux of hor-
izontal momentum, two quantities of immediate relevance
to the dynamical effects of gravity waves.

The first observations of airglow activity in the Martian
atmosphere were made by ultraviolet spectrometers on
Mariners 6, 7, and 9 missions (Barth et al., 1972a,b). With-
in their 1100–3400 Å band pass, the spectrometers recorded
dayglow emissions of H(2s:1216 Å), C(2p3s:1657 Å), O-
(2p33s:1304,1356 Å), O(1S:2972 Å), CO(AP, a3P! X1R+),
and COþ2 ðB 2Rþ; A 2P ! X 2RþÞ. All of these emissions
arise from direct photoexcitation or photodissociative exci-
tation high in the Martian atmosphere. Subsequent
ground-based telescope observations of the illuminated
Martian disc (Noxon et al., 1976) detected emission at
1.27 lm from the O2ða 1Dg ! X 3R�g Þ Infrared Atmospheric
Band, with intensities up to 26 MR (megaRayleigh). This
emission results from solar photodissociation of ozone at
lower altitudes and can be used as a means for mapping
the distribution of ozone in the Martian atmosphere (No-
vak et al., 2002; Krasnopolsky, 2003), as is also done for
the Earth�s atmosphere (Mlynczak and Olander, 1995).

Until recently there have been no definitive measure-
ments of the Mars nightglow. Ground-based measurements
are particularly difficult because the maximum width of the
small dark crescent visible from Earth is only 1.600, barely
more than typical seeing conditions. Even with adaptive
optics it will be difficult to reject sunlight scattered from
the dayside. The first documented attempt to observe the
nightglow of Mars from orbit was made in 1974 by the
visible spectrometer on the Mars 5 Orbiter. As reported
by Krasnopolsky and Krys�ko (1976), ‘‘no emissions
exceeding the instrumental threshold of 50 R at 5577 Å
were detected’’. Confidence in this upper bound is limited
by the fact that the spectrometer was operational for only
a fraction of the mission (less than one orbit) and no infor-
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mation was provided that would allow independent estima-
tion of the on-orbit sensitivity. Krasnopolsky and Krys�ko
(1976) considered the O(1S! 1D) transition at 5577 Å and
the OH(8–2) Meinel band near 5900 Å as likely emissions
to have been detected. In fact, the 8–2 band is relatively
weak in the Earth�s atmosphere, with a typical intensity
of 60 R (Turnbull and Lowe, 1989). The stronger 6–1
(6497 Å, 120 R), 7–2 (6862 Å, 280 R), and 9–3 (6256 Å,
120 R) bands would also have been within the nominal
spectral range of the Mars 5 spectrometer. It is not clear
from published information what wavelengths were actu-
ally recorded.

Recently, Huestis and Slanger (2002) compared night-
glow intensities observed on Earth and Venus with predic-
tions for Mars, including emissions from O, O2, and OH.
Garcia-Munoz et al. (2005) performed a much more de-
tailed study of the predicted intensities of individual Meinel
bands, assuming different models for vibrational relaxa-
tion. Finally, the first successful nightglow observations
in the Mars atmosphere have been reported from the spec-
troscopy for the investigation of the characteristics of the
atmosphere of Mars (SPICAM) instrument on board Mars
Express (MEX) orbiter (Bertaux et al., 2005). SPICAM has
a spectral coverage from 1180 to 3200 Å. The observed
spectrum is very similar with that of Venus over the same
wavelength range (Huestis and Slanger, 1993), both being
dominated by the NO(C 2P, A 2R+! X 2P) bands, but
with a slight hint of possible O(1S! 3P) emission at
2972 Å. The presence of O(1S) in the Venus night atmo-
sphere was discovered only recently (Slanger et al., 2001).

In this paper, we use the temperature and constituent
concentrations, as well as the airglow chemistry scheme,
from Garcia-Munoz et al. (2005) (herein referred as
GM), to simulate the airglow response to gravity wave
activity in the Martian atmosphere. The focus here is on
the OH Meinel bands. Our motivation is to provide
support for instrument design and so far, to the best of
our knowledge, this is the first study exploring the possibil-
ity of using airglow measurements to map gravity wave
activity in the atmosphere of Mars. Therefore, we include
here only a brief discuss of two instruments proposed to
measure the gravity wave activity in the Martial
atmosphere: MARES-Ground – which is a ground-based
zenith-sky imager designed to measure the temporal
evolution of wave-induced radiance fluctuations; and
MARES-GWIM – Global Wave Imaging and Mapper
for Mars which is an adaptation of GWIM. GWIM is a
satellite-borne nadir-viewing imager designed to produce
static images of wave-induced radiance fluctuations in
two vertically separated night airglow layers in the Earth
atmosphere (Lowe et al., 2004).

2. MARS photochemical model

The time-dependent photochemical model of the Martian
atmosphere developed by GM is employed here to determine
the neutral atmospheric composition and temperature. The
model is described in detail in GM and is only briefly dis-
cussed here. It solves for the diurnal changes in composition
driven by varying insolation between the ground and 80 km
altitude. The COSPAR mean Mars temperature profile has
been adopted (Seif, 1982) and no temporal variation of tem-
perature as a result of dynamical activities (such as gravity
wave, tides, planetary waves, etc.) has been considered.
The thermal structure of the atmosphere constrains the
water profile throughout most of the lower atmosphere,
and in turn, the abundance of odd hydrogen, HOx (here con-
sidered as H, OH, and HO2), and other active species. K is the
so-called eddy diffusion coefficient. In the model K is fixed at
106 cm2 s�1 from 0 to 40 km altitude and is assumed to vary
exponentially from 106 to 107 cm2 s�1 between 40 and 80 km
altitude. This profile is consistent with the known observa-
tional constraints (Korablev, 2002). A simple scheme of pre-
cipitation and sublimation of water has been incorporated.

The continuity equations are solved for an atmosphere
composed of 13 species: CO2, CO, O2, O3, O(3P), (O1D),
H2, H, H2O (vapor and ice), OH, H2O2, and HO2. The
photodissociation rates are evaluated on-line at each time
step. No scattering is included in this version of the model.
The solar fluxes are averaged to represent mean solar activ-
ity (details given in GM). Throughout the lower and mid-
dle atmosphere the recycling of OH is governed by the
reaction between O(3P) and HO2 producing OH and O2.
At altitudes above about 60 km the Nicolet-Bates mecha-
nism, reaction (9), becomes important for the total produc-
tion of OH. OH* here represents OH in a vibrationally
excited state m. The Nicolet-Bates mechanism peaks at
night as a result of the greater amount of O3 present at high
altitudes at night. The model values for OH production are
similar to those in Nair et al. (1994).

Ozone at daytime is produced by

Oð3PÞ þO2 þ CO2 ! O3 þ CO2 ð10Þ
and lost by photodissociation. At night, in the lower atmo-
sphere O3 decreases due to the decrease of O(3P) produced
from CO2 photolysis. However, production continues all
day above 50 km altitude leading to a nocturnal increase
of O3 in the middle atmosphere. The resulting O3 column
abundances are comparable with equinox values observed
by Clancy et al. (1999). The model results in general are
compared with the literature in GM and will not be dis-
cussed here.

3. MARS airglow model

As discussed above, here we adopt the same chemical
scheme for the OH Meinel airglow as in GM. In brief, for
Mars, as for Earth, the hydroxyl nightglow can be assumed
to arise from reaction (9). The main non-radiative OH*
(herein referred as OH(m) where m represents the vibrational
level) loss occurs via quenching with CO2 and chemical reac-
tion with O, the latter process only being important for the
lower vibrational levels. Reaction (9) is the main destruction
process for ozone at night in the upper atmosphere. As a



Table 1
Adopted fractional yields, f(m), for the chemical production of OH(m) and
the total collisional removal rate coefficient, kCO2 ðmÞ
m f(m) kCO2 ð¼ RkCO2

m;m0 Þ ðcm3 s�1Þ Reference for kCO2

1 0 1.8 · 10�13 Dodd et al. (1991)
2 0 4.8 · 10�13 Dodd et al. (1991)
3 0 1.4 · 10�12 Dodd et al. (1991)
4 0.05 2.8 · 10�12 Dodd et al. (1991)
5 0.05 7.8 · 10�12 Garcia-Munoz et al. (2005)
6 0.07 2.0 · 10�11 Garcia-Munoz et al. (2005)
7 0.19 6.7 · 10�11 Knutsen et al. (1996)
8 0.29 6.4 · 10�11 Dyer et al. (1997)
9 0.35 5.7 · 10�11 Chalamala and Copeland (1993)
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result, in equilibrium the rate of formation of ozone by reac-
tion (9) must equal the rate of destruction by reaction (10).
Hence, the OH(m) emission rate depends only on atomic oxy-
gen concentration, the background atmosphere (for Mars
CO2), and the temperature, T. The dependence on tempera-
ture results from the temperature variation of the rate coef-
ficient for reaction (10).

Deactivation of OH(m) proceeds via either radiative
relaxation with photon emission

OHðmÞ ! OHðm0Þ þ hm ð11Þ
with transition probability Am,m 0, or by collisional
quenching

OHðmÞ þQ! OHðm0Þ þQ ð12Þ
with quenching coefficient between the levels (m,m 0) given by
kQ(m,m 0) where Q represents the quenching species which
can be considered mainly CO2 for the Martian atmosphere.

Following GM, the relative transition probabilities of
Murphy (1971) have been adjusted to the total value (RAm,m 0)
of Turnbull and Lowe (1989) for each vibrational level. Fol-
lowing the concept introduced by McDade and Llewellyn
(1987), two models for collisional deactivation were adopted
here: sudden death, when m 0 is always equal to zero, and col-
lisional cascade when the vibrational deactivation occurs in
steps of Dm = 1. In the sudden death model kCO2ðm; 0Þ ¼
kCO2ðmÞ and zero otherwise. Hence, the deactivation of one le-
vel is not a source for a lower level. In the collisional cascade
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Fig. 1. Model concentrations of OH for selected vibrational levels using the
collisional cascade (right).
model kCO2ðm; m� 1Þ ¼ m� kCO2 and zero otherwise and each
level populates the level just below itself. Although this can
be a source of error since multi-quantum collisional deacti-
vation could happen, the lack of measurements makes any
other approach seem arbitrary.

Once again, as in GM, kCO2ðmÞ values from Dodd et al.
(1991) are used for m = 1–4, from Knutsen et al. (1996)
for m = 7, Dyer et al., 1997 for m = 8, Chalamala and
Copeland (1993), for m = 9, and an extrapolation with a
log10ðkCO2Þ � m law for m = 5 and 6. The values are given in
Table 1. As mentioned in GM, interestingly this relationship
assumed seems to represent the entire range m = 1–7 reason-
ably well. As the temperature dependence of the deactivation
coefficient remains unknown, we adopted the values as they
were measured, i.e., at ambient temperature (about 295 K).
This can be an important source of errors since for m = 10,
Lacoursiere et al. (2003) have reported an increase of nearly
40% when going from temperatures of 300 to 223 K.

As shown in GM, as a result of the lower relative abun-
dance of atomic oxygen in Mars compared to Earth at the
altitudes of the emitting OH layer, and to the higher effi-
ciency of CO2 as an OH(m) quencher, in the Martian atmo-
sphere quenching by atomic oxygen would affect only the
lower vibrational levels. Therefore, here quenching by
atomic oxygen is assumed to be unimportant.

Assuming chemical equilibrium for the concentration of
OH(m), we obtain

½OHðm0Þ� ¼ fmk1½H�½O3� þ
P
fAðm; m0Þ þ kCO2ðm; m0Þ½CO2�g½OHðmÞ�

AT ðm0Þ þ kCO2
T ðm0Þ½CO2�

:

ð13Þ

The values of f(m), the fractional yields of the production of
OH(m), are taken from Ohoyama et al. (1985) adjusted to
the same set of transition probabilities used here. Adopted
values for f(m) and kCO2

m are given in Table 1. The volume
emission rate for the Meinel bands is then given by

Vðm; m0Þ ¼ Aðm; m0Þ½OHðmÞ� ð14Þ
Fig. 1 shows the concentration of OH(m) for selected

vibrational levels as a function of altitude calculated using
both sudden death and cascade quenching. As discussed in
GM, the choice of the quenching model has a major impact
[OH] - Collisional Cascade
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on the results. As one might expect, the concentrations for
the sudden death model are significantly lower than for the
collisional cascade model for the lower vibrational levels.
The altitude where the concentration peaks, and conse-
quently where the emission peaks, is found to be m-depen-
dent for the sudden death model while almost constant
for the collisional cascade model. Such strong differences
in concentration, and consequently in emission rate, be-
tween the two models results from the relatively high den-
sity of the Martian atmosphere ([CO2] � 4 · 1014 cm�3 at
60 km) at the OH layer compared to Earth atmosphere
([O2] � 1013 cm�3 at about 87 km).

As noted above, the only known attempt to measure
OH Meinel nightglow in Mars was carried out on the Mars
5 mission, as reported by Krasnopolsky and Krys�ko
(1976). Nightglow was not detected and an upper limit
of 1015 cm�6 to the product [H][O3] at 60 km was derived
based on the characteristics of the instrumentation used
and adopting a photochemical model based on the avail-
able parameters. As discussed in GM, the quenching
parameters were underestimated and with the more recent
deactivation coefficients and transition probabilities, the
sudden death upper constraint at 60 km from the limb
observation is replaced by [H][O3] 6 2 · 1017 cm�6 and by
[H][O3] 6 1017 cm�6 if collisional cascade is used. As
shown in GM the current photochemical models satisfy
these two limits. Therefore, our study indicates that the
(8–2) Meinel band would indeed be more strongly
quenched than estimated by Krasnopolsky and Krys�ko
(1976). However, our results indicate that the lower vibra-
tional bands would be promising candidates for nightglow
measurements.
4. Airglow response to gravity wave propagation in Mars

As a first approximation to the problem, we have
adapted the Swenson and Gardner (1998) model for the
response of the OH airglow emission to perturbations on
temperature, atomic oxygen and atmospheric density
induced by the propagation of a monochromatic gravity
wave, to the Martian atmosphere. The Swenson and
Gardner (1998) model is based on the work developed by
Gardner and Shelton (1985) and assumes an isothermal
and windless atmosphere. Following this approach, the
perturbed temperature, oxygen, and atomic oxygen can
be given by:

T
T u

¼ q
qu

� ��1

; ð15Þ

½O2�
½O2�u

¼ q
qu

; ð16Þ

½CO2�
½CO2�u

¼ q
qu

; ð17Þ

½O�
½O�u

¼ q
qu

� �goðzÞ

; ð18Þ
where

g0ðzÞ ¼
cH � 2sH
ðc� 1Þ2sH

� cH
ðc� 1Þ2sH

exp �ðz� HmÞ
sH

� �
; ð19Þ

q
qu

¼ 1þ e
ðc� 1Þ e

bðz�zOHÞ cos½xt � kxþ mðz� zOHÞ�. ð20Þ
In these equations T represents temperature, the sub-
script �u� represents the undisturbed fields, z is the alti-
tude, zOH is the altitude of the OH airglow peak
emission, x and k are the intrinsic frequency and the
vertical wave number, respectively, e is the wave ampli-
tude at altitude zOH, 1/b is the amplitude growth length,
c is the ratio of specific heats (assumed here 1.3), s is a
shape factor describing the undisturbed OH emission
layer assumed as a Gaussian, and H is the scale high
(H = 7.8 km at 60 km altitude).

Fig. 2 shows the model disturbed T, [CO2], and [O],
assuming a wave with kz = 20 km and period of
30 min, together with the respective undisturbed profiles.
Figs. 3 and 4 show the response of the bands OH(3–1),
OH(6–2), and OH(9–4) to the same monochromatic wave
as in Fig. 2 (kz = 20 km and period of 30 min): Fig. 3
shows the time evolution of the altitude profiles. For
the OH(9–4) band there is no difference between the
two quenching models since here m = 9 is assumed as
the highest OH vibrational level and is only formed
throughout reaction (1). Therefore, only one plot is
shown for this emission in Fig. 3. Fig. 4 shows the both
percent variation (of undisturbed value) of the column
integrated intensities and the column integrated intensi-
ties as a function of time.

As expected, the higher OH airglow volume emission
rates, and therefore vertical column intensities, occur for
the lower vibrational levels, and for the collisional cascade
quenching case. As we can see from Fig. 3, the undisturbed
OH airglow profiles resulting from the assumption of sud-
den death quenching are broader than the collisional cas-
cade quenching. Consequently, a wave with kz = 20 km,
or smaller, will induce stronger distortions in the shape
of the profile for the sudden death case (kz comparable to
or smaller than the half width of the layer) while for the
collisional cascade the same wave will mainly displace the
emission layer peak altitude.

Another interesting aspect that can be seen from Fig. 4
is that the m-dependence in the altitude in the peak emission
seen in Fig. 1 for the sudden death quenching leads to a
phase shift in the vertically integrated intensities. Although
we believe a cascading model would be more appropriate
for Mars, the phase shift we found using the sudden death
model, if confirmed experimentally, could be exploited to
determine the vertical wavelength of the propagating grav-
ity wave. It can also provide information on the tempera-
ture gradient, if present, in the upper Martian neutral
atmosphere. Such information could be directly used to im-
prove the Martian atmospheric models in the aerobreaking
altitude region.
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Fig. 4. OH(3–1), OH(6–2), and OH(9–4) airglow band response to the gravity wave activity, as seen in the column integrated intensity, for the two
collisional models: sudden death (left) and collisional cascade (right). The upper plots show the time evolution of the variability of each emission relative to
the undisturbed value: (disturbed � undisturbed)/undisturbed · 100% while the lower plots show the time evolution of the column integrated intensity in
units of rayleigh (1 R = 106 photons cm�2 s�1). For the lower plots note that the scale for the OH(3–1) band is shown on the right y-axis.
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5. Instruments proposed

One of the pioneering studies which showed that
images of gravity waves can be obtained from camera
images of perturbed terrestrial nightglow emissions was
done by Petersen and Kieffaber (1973). Since then, sev-
eral different ground-based and satellite-based imaging
systems have been developed and successfully operated
on Earth. Indeed, airglow imaging has proven to be an
effective and relatively low cost technique for measuring
gravity wave activity, allowing retrieval of parameters
such as the wave amplitude, horizontal wavelength, direc-
tion of propagation, phase velocity, and wave period (see
for example: Hecht et al., 1994; Taylor et al., 1995;
Taylor and Bishop, 1995; Swenson and Espy, 1995;
Swenson et al., 1995; Mende et al., 1998; Picard et al.,
1998). Within the proposed MARES project, Mars Air-
glow Remote Sensing, we would adapt this approach
to Mars. The key objective of MARES is to develop
two airglow imagers to operate on the ground and on
an orbiter platform to measure gravity wave activity in
the Martian atmosphere.

MARES-Ground is a proposed ground-based system
intended to operate in a zenith-sky configuration. The
instrument concept uses a CCD-based detector (other pos-
sibilities are InGaAs and HgCdTe, depending on the spec-
tral range selected), a filter-wheel for wavelength selection
and for dark calibration, and the optical system. The wave-
length selection would be made through interference filters
mounted in the filter wheel, which is a simple, well-devel-
oped, and already space-qualified approach. As has been
done in Earth, we will measure the temporal evolution
and the spatial distribution of the height-integrated inten-
sity of selected airglow emissions. The objective is to build
a robust, light-weight, compact, and no-maintenance
space-qualified instrument attractive for use on missions
to planets that have a solid surface. It has the great advan-
tage that it can be tested, optimized, and cross-calibrated
on Earth by operating it side-by-side at a site with an exist-
ing airglow imager.

MARES-GWIM is a proposed adaptation of gravity
wave imager and mapper (GWIM), a system for an
orbiting platform aimed at producing global maps of
wave activity. GWIM is in a well-advanced phase of
development and is described in detail in Lowe et al.
(2004). It consists of four nadir-looking imagers, one
each for signal and background for each of the two
emissions (one of the OH Meinel bands and the
O2ðb 1Rþ ! X 3R�g Þ band). The field of each imager is
175 km cross-track by 80 km along the track. An integra-
tion time of about ten seconds is required to achieve the
required signal-to-noise ratio. To prevent image smearing
due to the effects of satellite motion and the rotation of
the earth, GWIM will operate in snapshot mode with an
exposure time of about 0.25 second followed by on-
board shift-and-add. The total mass is about 10 kg and
the power requirement is of the order of 17 W.

The two instruments are independent, but if operated
simultaneously would offer the advantage of cross-calibra-
tion and cross-validation, two particularly difficult tasks in
planetary exploration. Although both instruments have
strong heritage, a detailed concept study still needs to be
conducted in order to optimize the instrument
characteristics.
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6. Summary

Mars Pathfinder entry temperature profiles, as well as
other observations of the Martian atmosphere, show clear
observational evidence of vertically propagating gravity
waves. Although existing radiative-convective and general
circulation models reproduce the general features of the
thermal structures in the lower Martian atmosphere, the
observed upper atmospheric temperatures are lower than
model predictions. Model simulations suggest that gravity
wave drag can account for the cold upper level tempera-
tures in the polar region by adiabatically warming the
atmosphere via dynamical-induced circulation. However,
the small number of available observations makes it diffi-
cult to construct realistic gravity wave parameterization
to be inserted in models of the Martian atmosphere. Since
the pioneering work done by Petersen and Kieffaber (1973)
showing that images of gravity waves can be obtained from
camera images of perturbed terrestrial nightglow emis-
sions, several different ground-based and satellite-based
imaging systems have been developed and successfully
operated on Earth. Because until recently (Bertaux et al.,
2005), there were no reported measurements of the night-
glow in the Martian atmosphere, the design of airglow im-
ager systems for Mars measurements requires input from
modeling simulations in order to select target airglow emis-
sions and then proceed with the design of an appropriate
optics and detectors.

In this paper, we used a photochemical model developed
by GM, together with a version of the Gardner and
Shelton (1985) model adapted to simulate the response of
the OH airglow Meinel bands to the propagation of a given
gravity wave in the Martian atmosphere. Although this
study is limited by the number of assumptions made for
the airglow modeling as well as by the approach chosen
for the gravity wave modeling, the results suggest that
the measurements may be feasible if the OH Meinel bands
for lower vibrational levels are chosen as target emissions.
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