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1. ABSTRACT 2. PFS/LW RETRIEVAL ALGORITHM 

4. COMPARISON TO MGS TES IN MY27 

 Column abundances are retrieved by iteratively fitting water vapor spectral bands between 300-500 

cm-1.  

 Surface emission is fitted to radiance in spectral channels between water vapor bands 

 Atmospheric temperatures are retrieved from the CO2 absorption feature at 15 µm in a separate step.  

 10 consecutive spectra along the ground-track are averaged to improve signal-to-noise ratio.  

 Water vapor absorption is calculated  line-by-line and convolved to PFS resolution (~1.3 cm-1). 

 Scattering by atmospheric aerosols is neglected.  

 Emission angles are limited to 34 (air mass ~1.2) 

 Uncertainty of retrieved column abundances is ~20-30%.  

3. ANNUAL AND SEASONAL VARIABILITY 

7. CONSCLUSIONS 

6. COMPARISON TO MEX SPICAM, MY27-29  

 PFS/LW spatial and temporal coverage is 

incomplete due to gaps in observations, data quality 

issues, high dust opacity, but main features of the 

repeatable water vapor cycle are recognizable (Figure 

2). 

 

 Some interannual variability is apparent in the 

northern mid-latitudes during late northern summer (A), 

however, it could be due to biases in local  observation 

times and spatial coverage.   

 

 The increase in abundances in southern mid-

latitudes during southern spring in MY29 (B) is due to 

vapor in Hellas and Argyre. Not seen on other years 

due to gaps in observations, bias in spatial coverage. 

 

 Seasonal cycle  seen by PFS/LW is similar to 

earlier observations by Viking MAWD [1] and MGS TES 

[2] (Figure 3). It is also consistent with the retrievals 

from the PFS Short Wave (SW) channel  (2.6 µm) [3]. 

Figure 1. Averaged PFS/LW spectrum (black), model fit (red) and fit to surface emission (blue). Orbit 

1023, MY27 Ls=110.6, latitude 78.2 . Retrieved water vapor column abundance is ~64 µm. 

Figure 4. Longitudinal distribution of column abundances at 

several seasons (normalized to 610 Pa surface pressure).    

Figure 5.  Zonal averages of column water vapor abundances (pr-

µm) observed by MGS TES (top) and PFS/LW (bottom) in MY27. 

Abundances are scaled by surface pressure. 

MY27: 

 MGS TES and PFS/LW made contemporaneous observations 

in  MY27 (Figure 5).  

 

 Local times of PFS/LW observations decrease from ~12 pm at 

Ls=0 to 8 am at Ls=70. Local time of TES observations is 2 pm.  

 

 Differences between PFS/LW and TES scaled column 

abundances are within ±5 pr-µm. 

  

 There is no clear correlation between this observed differences 

and local time, surface temperature or other parameters. 

  

 PFS/LW retrievals with TES-derived atmospheric temperatures 

for MY27 produced similar column abundances.  

Figure 7. MEX SPICAM (top) and PFS/LW (bottom) zonal averages in MY27. 
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1. Water vapor column abundances retrieved from PFS/LW spectra continue 

uninterrupted record of the Martian water vapor cycle started by MGS TES. 

 

2. Despite different local (daytime) hours of observation, PFS/LW retrievals produce 

vapor column abundances consistent with abundances from contemporaneous 

TES observations. 

 

3. Comparison to abundances retrieved from MRO CRISM and MEX SPICAM IR 

observations show systematic differences in the northern mid-latitudes during 

northern spring and summer seasons. 

 

4. Different atmospheric temperatures used in CRISM, SPICAM IR and PFS/LW 

retrievals cannot account for the differences in retrieved abundances. 

 

5. Differences between different water vapor datasets could arise due to differences 

in local hour of observations, scattering by atmospheric aerosols or non-

uniformity in the vertical distribution of water vapor in the Martian atmosphere. 

 

6. Future work: spatial and temporal variability in the polar regions and mid-

latitudes; diurnal variability. 

The Planetary Fourier Spectrometer (PFS) is an infrared interferometer onboard Mars 

EXpress (MEX) spacecraft. The Long Wavelength (LW) channel operates in the spectral 

range 250–1700 cm−1 (5.9–40 μm). Water vapor abundances are retrieved by fitting water 

vapor bands between 300-500 cm-1. Retrievals presented here differ from the previously 

published analysis for MY27 [1]: they include new data for MY28-30 and use spectra that 

were calibrated using new radiometric calibration procedure [2] and improved  calibration 

of laser diods (M. Giuranna pers. comm.) 

 

Observations by PFS/LW in MY27-30 continue the record of the contemporary Martian 

water cycle established by MGS TES observations in MY24-27. Comparison of PFS/LW 

retrievals to retrievals from other currently operating instruments (MRO CRISM, MEX 

SPICAM IR) allows to cross-validate different retrievals, identify data quality problems, fill 

data gaps in different datasets, and provide an opportunity to observe water vapor at 

different local times of day and in different regions of the atmosphere. 

 

The annual cycle of Martian water vapor observed by PFS/LW in MY27-30 is generally 

consistent with the previously established spatial and seasonal patterns. At the same time, 

there are significant differences between datasets at some locations and seasons, which 

may reflect seasonal, spatial and diurnal variations of water vapor in the lower atmosphere. 
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Figure 3. Seasonal cycle of water vapor from 

combined MY26-MY30  PFS/LW data  

Figure 2. Zonal averages of column water vapor abundances for MY26-MY30 retrieved from PFS/LW . 
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 Longitudinal distributions of 

abundances scaled by surface 

pressure for six seasons: Ls=0-

30, 30-60, 60-120, 120-180, 

180-270, 270-360 (Figure 4) 

show correlation with topography 

during northern spring and 

summer, suggesting lower 

vertical extent of vapor during 

these times. 

 

 Analysis is complicated by 

varying local hours of 

observations (7 am – 8 pm). 

Figure 8. MEX SPICAM (top) and PFS/LW  (bottom) zonal averages in MY28. 

Figure 9. MEX SPICAM (top) and PFS/LW (bottom) zonal averages in MY29. 

 SPICAM IR instrument on Mars Express observes atmospheric water vapor using 1.38 µm spectral 

band [1]. 

 Column abundances retrieved from nadir spectra. 

 Atmospheric temperatures from Mars Climate Database v4.3, MY24 scenario. 

 Correction for scattering by atmospheric aerosols. 

 Local times of observation are similar to PFS/LW. MY27: 

 PFS/LW abundances systematically 

higher than SPICAM IR by 10-15 pr-µm in the 

northern tropics during spring (A) and in 

northern extra-tropics and mid-latitudes 

during summer (B). 

 

 PFS/LW is systematically lower by 10-20 

pr-µm in the northern polar region during 

summer.  

 

 This difference over the northern polar 

region correlates spatially with SPICAM IR 

dust scattering correction [1]. 

 

 Differences between PFS/LW and 

SPICAM IR abundances at other times are 

consistent with uncertainties (510 pr-µm) . 
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5. COMPARISON TO MRO CRISM IN MY29 

MY28: 

 PFS/LW abundances are higher then 

SPICAM IR by 10-20 pr-µm during northern 

late spring and summer (A). 

 

 This differences (A) are similar to the 

differences observed in MY27 (B in Figure 7). 

 

 SPICAM IR results are sensitive to the 

assumed vertical distribution of water vapor 

[1] and the difference may indicate non-

uniform vertical distribution in the lower 

atmosphere. 

 

 PFS/LW and SPICAM abundances are 

similar during the rest of the year – consistent 

with uncertainties. 

Figure 6. MRO CRISM (top) and PFS/LW (bottom) zonal 

averages in MY29. 

 MRO CRISM observes atmospheric water vapor using 2.6 µm spectral band [1]. 

 Column abundances retrieved from nadir spectra. 

 Atmospheric temperatures from TES MY27. 

 Correction for scattering by atmospheric aerosols. 

 Local time of observation is 3 pm, PFS/LW local times vary between 7 am and 8 pm. 
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MY29: 

 PFS/LW abundances are higher by ~10 

pr-µm than CRISM abundances during 

northern spring and summer in the northern 

mid-latitudes (A). Local times are similar 

during early spring; PFS/LW observes much 

earlier (7-10 am) during summer. 

 

 PFS/LW abundances are lower by ~10-15 

pr-µm than CRISM abundances during late 

northern summer in the northern mid-latitudes 

(B). Local times are 4-8 pm. 

 

 PFS/LW abundances are lower than 

CRISM abundances by ~5 pr-µm on average 

after Ls=180. Local times vary from 7 am to 

7 pm. 

 

 Using TES MY27 temperatures in PFS 

retrieval decreases difference with CRISM 

during early northern spring and summer, but 

increases difference in late northern summer 

and fall. 
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MY29: 

 Similar difference as with CRISM (Figure 

7): PFS/LW is higher than SPICAM IR 

between Ls=30-120 (A); lower between 

Ls=120-180 (B). 

 

 Lower PFS/LW abundances during 

Ls=120-180 (B) are different from higher 

abundances at this season in MY27 and 

MY28 (B in Figure 7 and A in Figure 8) – 

interannual variability?. 

 TES spectrometer on MGS observed water at spectral bands between 200-500 cm-1 (20-50 µm) [1]. 

 Column abundances retrieved from nadir spectra. 

 Local times of observation are 2 am and 2 pm. 

 Almost complete global and seasonal coverage. 
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