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Introduction:   

Two instruments onboard ExoMars Trace Gas 

Orbiter (TGO), Nadir and Occultation for Mars Dis-

covery (NOMAD) and Atmospheric Chemistry Suite 

(ACS) are unique platforms to provide the global 

vertical distribution of trace gases (such as water 

vapor, carbon monoxide, hydrogen chloride, etc) on 

Mars from their daily solar occultation measurements 

(Vandaele et al., 2018: Korablev et al., 2018). The 

science operation of TGO has started since April 

2018 and we have collected measurements for more 

than 2 Mars years. Here, we present the results on the 

vertical profiles of water vapor from the measure-

ments by the NOMAD instrument. A full paper de-

scribing these results, Aoki et al. (2022), is currently 

under review. 

 

Dataset and analysis:   

NOMAD instrument is a spectrometer working in 

the spectral range between 0.2 and 4.3 μm with 3 

spectral channels (2 out of 3 are in the infrared range, 

and the other one is in the UV-Visible range). For the 

analysis of water vapor presented in this study, the 

data taken by solar occultation measurements in the 

infrared channel is used. The infrared channel is 

composed by echelle grating and Acousto Optical 

Tunable Filter (AOTF), which enables us to achieve 

relatively high spectral resolution (λ/dλ~17,000). 

AOTF can instantaneously switch the observing dif-

fraction orders, which allows us to acquire a spec-

trum less than every 1 second. It corresponds to the 

vertical sampling of less than 1 km altitudes from 

surface to 250 km altitude. Typically, we observe 5 

or 6 different diffraction orders (i.e., spectral win-

dows) in a single occultation. Water vapor lines are 

available in diffraction order 134, 136 (3011-3035 

cm
-1

, 3056-3080 cm
-1

) and order 167, 168, 169 

(3752-3782 cm
-1

, 3775-3805 cm
-1

, 3797-3828 cm
-1

).  

The water lines in the orders 134-136 are weaker and 

not heavily saturated even in the deep atmosphere so 

that the vertical profiles of water vapor can be re-

trieved from surface up to only ~90 km altitude. The 

water lines in the latter spectral windows (orders 

167-169) are stronger, so that the water vapor density 

can be retrieved from surface up to higher altitude, 

~120 km. We have analyzed the NOMAD solar oc-

cultation data taken between April 2018 and Sep-

tember 2022, which corresponds to Ls~160° in MY 

34 and Ls~106° in MY 36. We are continuing to 

process the data to cover 2 Mars years. Fig. 1 shows 

the coverage of the dataset of the lower diffraction 

orders (the top panel) and the higher diffraction or-

ders (the bottom panel). The total number of 

occultations are 5472 and 6471 for the lower and 

higher orders, respectively. The coverage of both 

spectral windows is similar since these diffraction 

orders are regularly observed. 

The retrievals are performed with Asimut 

radiative transfer code (Vandaele et al., 2006). We 

treat each spectrum individually by assuming a con-

stant volume mixing ratio of water vapor along the 

line of sight (i.e., retrievals of water vapor column 

density along the line of sight for each spectrum). 

The calibration of the solar occultation channel of 

NOMAD infrared has been significantly improved 

recently (Villanueva et al., 2022), which allows us to 

perform robust retrievals. We have also compared 

different methodologies and retrievals algorithms for 

the water retrievals (COPRA code developed at IAA, 

and PSG code developed at NASA-GSFC) and the 

comparison shows a good agreement (Brines et al., 

2022). 

 

Results and discussion:   

Figure 2 and 3 show the retrieved seasonal varia-

tion of the water vapor vertical profiles from the 

lower orders (Fig. 2) and the higher orders (Fig. 3). 

For each figure, the small top panels show the lati-

tude of the measurements (same as Fig. 1), and the 

middle and bottom panels exhibit the water vapor 

vertical profiles in the northern and southern hemi-

spheres, respectively. As shown in Fig. 2 and 3, the 

results from the lower and hither orders show a very 

good agreement.  

Fig. 2 and Fig. 3 illustrate a strong contrast be-

tween aphelion and perihelion water vertical distribu-

tions. In the aphelion periods, the water vapor is con-

fined into very low altitudes (below 10-40 km). In 
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contrast, in the perihelion periods, water vapor 

reaches very high altitude (above 100 km). It can be 

explained by the fact that transport of water vapor by 

the global circulation is limited by the formation of 

ice clouds in the aphelion periods, whereas water is 

more effectively transported to the higher altitude 

and winter hemisphere in the perihelion periods be-

cause its vertical extent is less constrained by cloud 

formation in the warm southern summer atmosphere.  

In addition to the ones in the perihelion periods, 

the increase of water vapor in the middle/upper at-

mosphere appeared around Ls=190° in MY 34 and 

Ls=320°-330° in MY 34 and MY 35 are also re-

markable. These periods correspond to the occur-

rences of the global dust storm (Ls=190° in MY 34) 

and annual strong regional dust storms (Ls=320°-

330°). As shown in the earlier studies (e.g., Aoki et 

al., 2019; Neary et al., 2020), water vapor can reach 

higher altitudes when a strong dust storm occurs be-

cause the atmosphere heats up due to the presence of 

dust and it prevents water from condensing as ice 

clouds. These results also confirm that dust storms 

and the southern summer are the main events for 

water vapor to reach middle/high altitude as shown 

by earlier studies (Fedorova et al., 2020; Villanueva 

et al., 2021). 

 

Figures:  

 

 
Figure-1: Coverage of the solar occultation 

measurements by NOMAD used in this study. The 

top panel is the data taken in orders 134 and 136, and 

the bottom panel is orders 167-169. X-axis is solar 

longitude (from MY 34 to MY 36), and Y-axis is 

latitudes. The difference in color indicates the local 

time.  

 

 
Figure-2: Vertical profiles of water vapor in the 

unit of volume mixing ratio retrieved from orders 

134 and 136 of NOMAD measurements. The top, 

middle, and bottom panels show the latitude and lo-

cal solar time of the measurements, water vapor ver-

tical profiles in the northern hemisphere, and south-

ern hemisphere, respectively.  

 

 
Figure-3: Same as Fig. 2 but retrieved from or-

ders 167-169 of the NOMAD measurements.  
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