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Introduction:

A unique, global set of CRISM VIS/near-IR (0.4-4
um) limb spectral scans has accumulated over the continu-
ing 2009-2016 (MY29-33) period. Polar nightglow pro-
files for Oz(lAg) band (1.27 um) and OH Meinel band
emission among these full orbit (full latitudinal) limb cov-
erages provide indications of some accuracy in the LMD
(Laboratoire de Météorologie Dynamique) GCM (General
Climate Model) simulation of mesospheric (50-100 km)
meridional transport of atomic H and O (Clancy et al.,
2012, 2014). Distinct Oz(lAg) dayglow appears over sunlit
latitudes that is strongly, inversely related to atmospheric
water vapor (Barth et al, 1973; Parkinson and Hunten,
1973; McElroy and Donahue, 1972; Guslyakova et al.,
2016).

CRISM Profile Retrievals for 0,A Dayglow (May 27, 2014, L,=137°)
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CRISM Profile Retrievals for 0,A Doyglow (Feb 13, 2015, L,=290°)
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Figure 1. Vertical profiles of CRISM retrieved Oz(lAg)
VER for Ls=137° (top) and 290° (bottom).

Dedicated limb-scattering radiative transfer profile re-
trievals for Oz(lAg) volume emission rates (VER) have
been applied to > 1000 CRISM near-IR spectral limb scans
extending over the full range of sunlit latitudes, for 2-5

surface longitude corridors, for fairly complete seasonal
(Ls) coverage as accumulated over MY29-33, and over 8-
80 km altitudes (Clancy et al., 2016). Two key results
follow from point-by-point comparisons of CRISM re-
trieved versus LMDGCM simulated O,('A,) VER for the
full set of CRISM Ilimb profile retrievals.
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Figure 2. The latitude/L, distributions of CRISM retrieved
Oz(lAg) VER for aeroid altitude levels of 16, 28 km (top)
and 36, 48 km (bottom).

Model-data comparisons for altitude at or below 20 km
attitude indicate a much smaller rate coefficient for colli-
sional de-excitation of Oz(lAg) by CO, collisions
(0.25+0.25x10"° cm’sec™!) than reported by Guslyakova et
al (2016; 0.73x10"° cm’sec™).

The second result regards the current presentation, the
inference of the vertical/latitudinal distribution of the Mars
water vapor versus season over ~10-60 km altitudes, based
on scaling the LMDGCM simulated water vapor distribu-
tion by the ratio of CRISM retrieved to LMDGCM simu-
lated Oz(lAg) VER. The distinctive character of inferred
changes to simulated water vapor distributions indicates a
range of transport and saturation shifts over specific sea-
sons and processes.



CRISM Oz(lAg) Dayglow Profiles:

Figures 1 and 2 present a range of CRISM retrieved
Oz(lAg) VER profiles over sunlit latitudes and seasons, in
terms of individual profiles (figure 1) and the full set of
CRISM Oz(lAg) VER interpolated to aeroid altitude levels
of 16, 28, 36, and 48 km (figure 2). Strong vertical, orbital
(solar longitude, L) and latitudinal variations in Oz(lAg)
VER are associated with water vapor variations in the
Mars atmosphere. Oz(lAg) dayglow reflects ozone (Oj;)
photolysis, which is inversely proportional to water vapor
photolysis products.

Figure 3 presents latitude/altitude distributions for the
ratio of CRISM retrieved to LMDGCM modeled O,('A,)
VER for seasonal/orbital binned periods of L=30-60° and
60-140° (top), and 200-310° and 320-360° (bottom).

Lat/Alt Distribution of Mars 0,A VER (CRISM/LMDGCM)
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Figure 3. Latitude/altitude distributions for the ratio of
retrieved (CRISM) to simulated (LMDGCM) (Oz(lé\g)
VER for Mars seasonal ranges: northern spring (top
left), northern summer (top right), southern summer
(bottom left) and southern spring (bottom right).

Several altitude/latitude/L; patterns are indicated in
figure 3. 1) CRISM Oz(lAg) VER are 2-3 times larger than
model values above 35-40 km for all seasons, 2) At 15-35
km altitudes, LMDGCM Oz(lAg) VER are 2-3 times larger
than CRISM values for most latitudes in northern spring,
and for northern mid-to-high latitudes in northern summer,
and 3) CRISM Oz(lAg) VER are 2-6 times larger than
model values over southern summer mid-to-high latitudes
for altitudes of 10-30 km. These differences in ob-
served/modeled Oz(lAg) VER are closely related to differ-
ences in observational (i.e., actual) and modeled water
vapor, which supports inference of water vapor as a func-
tion of altitude, latitude, and Ls.

Inferred Mars Water Distributions:

Figure 4 presents the LMDGCM Oz(lAg)/HZO correla-
tion for locations (latitude, longitude, altitude) and times
(LT near 3pm, L) corresponding to CRISM measure-
ments. The two quantities are inversely proportional over 2
orders-of-magnitude variation, and narrowly so for fixed
temporal/location bins (right panel). This fairly robust anti-
correlation between Oz(lAg) VER and H,0O abundance
supports a correspondingly robust derivation of the global
(latitude/altitude/Ls) distribution of Mars atmospheric wa-
ter vapor over ~10 to 60 km altitudes.

LMD GCM: O,A Dayglow vs. H,0 @ z = 28 km
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Figure 4. LMDGCM photochemical simulations
(Lefevre et al., 2004, 2008) of Oz(lAg) VER versus wa-
ter vapor, for the locations/times of all low-to-mid
latitude (left) and aphelion cloud belt (right) CRISM
retrievals at 28 km aeroid altitude.

Figures 5-8 present the LMDGCM simulated (left pan-
els) versus CRISM Oz(lAg)-scaled (right panels) latitudi-
nal/altitude distribution for Mars water vapor as averaged
over seasonal periods of Ly = 30-60°, 60-140°, and 200-
310°, respectively. Distinct changes to the modeled water
vapor distribution, as a function of season (L), latitude,
and altitude, correspond to the ratio of observed/modeled
Oz(lAg) VER presented in figure 3. These water vapor

Lat/Alt Distribution of Mars Water Vapor (L,=30-60°)
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Figure 5. LMDGCM simulated (Navarro et al., 2014)
and CRISM Oz(lAg)-scaled water vapor lati-
tude/longitude distributions, averaged over northern
spring (L;=30-60°).

changes can in turn be qualitatively associated with chang-
es to model processes, such as transport and microphysics.



water vapor above 35-40 km altitudes in all latitudes
and seasons, which may indicate reduced super-
Lat/Alt Distribution of Mars Water Vopor (L,=60-140°) saturation conditions; 2) stronger confinement of

0 ' g . water vapor to northern mid-to-high latitudes in
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3 ns B ter vapor at 10-30 km above the southern summer
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