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Introduction:  Dust is one of the most variable 

and meteorologically important factor of the Mar-

tian atmosphere. It shows large temporal and 

spatial variability, and intensive radiative activity 

[1]. Airborne dust influences atmospheric tem-

perature and has a significant effect on the gen-

eral circulation of the Martian atmosphere [2]. 

During day, dust absorbs solar radiation leading 

to warming of the lower atmosphere by diabatic 

heating. The infrared radiation absorbed or emit-

ted to space by dust during day and night can 

modulate the intensity of the radiative warming 

and cooling of the atmosphere [3], [4].  

 

Results: The relative spatial distribution and 

seasonal evolution of dust is found to be very 

similar in the various years in the 180° - 360° 

range of Ls (except for MY 28). Thus, we sepa-

rate the study of dust activity during global dust 

storm in MY 28 and during typical dusty condi-

tions in other Martian years. In the Ls = 180°-

200° (Fig. 1a), the dust activity mainly develops 

over the south-west regions of Hellas, over Ar-

gyre basin, and in the region between Syrtis Ma-

jor and Isidis Planitia. Smaller scale dust activi-

ties are also observed over a few areas in the 

Tharsis region, along Valles Marineris and at 

~60°S latitude for almost all longitudes. The total 

amount of atmospheric dust over these regions 

increases continuously during the southern 

spring season (Figs. 1 b-c). As the lifting contin-

ues, dust begins to be transported northward by 

the global circulation [5], [6]. The dust also trav-

els in the east-west direction, toward the north 

and northeast regions of Hellas in agreement 

with previous analyses of MOC and MARCI im-

ages [3]. Significant amounts of dust are also ob-

served closer to the South Pole and especially 

around the perihelion (Ls = 251°; Figs. 1d-f). The 

maximum extent of the dust activity occurs every 

year in the seasonal range Ls = 240° to 260°, 

when dust opacity (~0.8) is observed over the 

whole southern hemisphere, and up to 30°N. At 

the same time, areas of persistently low values 

of the dust opacity (< 0.1) are found over some 

regions between 30°N and 60°N, especially dur-

ing the Ls = 240° to 300° interval (Fig.1d–f). 

Large dust opacity is observed in most of the 

southern hemisphere (Fig. 1g). 

 
Figure 1: Spatial maps of total dust opacities 

with a topography contour. The maps have been 

built by averaging data on a 3° latitude-, 5° longi-

tude- and 20° Ls spaced regular grid from all 

MYs investigated in this analysis, except for MY 

28. 

 
The dust activity reduces in late southern sum-
mer and early fall seasons (Figs. 1h and 1i). In 
MY28 during southern spring, we observe the 
dust opacity over some places (more than two 
regions) gets larger than 0.6 (Fig.2b). This hap-
pens already at Ls = 200-235° (Fig. 2b), when 
significant amounts of dust are lifted up in the at-
mosphere over the south polar cap edge regions, 
west of Tharsis Montes, and west of Hellas in No-
achis Terra. We only have sparse data in the 
235°-270° Ls seasonal range of MY 28 (Fig. 2c). 
With respect to a typical Martian year, the maxi-
mum of dust activity in MY 28 occurs later in the 
year, between 270° and 305° of solar longitude, 
when high amounts of dust persist over most of 
the tropical and sub-tropical regions (Fig. 2d). In 
this period, the total dust opacity still exceeds 2 
in some locations (before data binning). Large 
dust opacities (up to 1.5 or more) are also ob-
served in the Ls interval of 305° to 340°, espe-
cially over the southern tropics (Fig. 2e). This is 
very different from what we observe during a 
non-global dust storm year, where the total dust 
opacity is typically lower than 0.2 (Fig. 1h). Con-
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sistent to THEMIS observations [7], PFS obser-
vations show the maximum activity of the MY 28 
global dust storm is confined between low north-
ern and mid southern latitudes. 
  

 
Figure 2: Spatial maps of total dust opacities 
with a topography contour for the global dust 
storm in MY 28 (daytime observations) during: a. 
Ls = 165° - 200°, b. Ls = 200° - 235°, c. Ls = 235° 
- 270°, d. Ls = 270° - 305°, e. Ls = 305° - 340°, f. 
Ls = 340° - 15°.  

 
Figure 3: (a) MCS dust vertical profiles [m2/kg] 
zonally averaged, selected for latitude region 
from 25°S to 45°S during Ls interval from 240° to 
275° in MY 29. The profile considered as a “typi-
cal” for the selected region and time is plotted 
with diamonds. The MCS dust vertical profile in 
MY 28 at Ls = 280° averaged for latitudes from 
30°S to 30°N is plotted as a dashed line (b) MCS 
vertical density-scaled opacities normalized to 
PFS total dust opacities. Solid lines show the 
“best” MCS profiles in MY29 (as close as possi-
ble in time and location to the four selected PFS 
observations). Dashed lines are for the averaged 
zonal-mean profile in MY28 presented in (a). 
 
We also investigate the effect of dust on atmos-
pheric temperatures by using MCS dust vertical 
profiles normalized to PFS dust opacities (Fig.3). 

Fig.4 presents the calculated sum of heating (H) 
and cooling (Q) rates at each pressure level (net 
values, Q+H) by using MCS dust vertical profiles. 
The qualitative effect of dust on the thermal 
structure is similar in all our calculations with dif-
ferent assumptions of dust profiles. We always 
observe a significant net heating of the atmos-
pheric layers just above the peak altitude of dust 
opacity due to absorption of the visible solar ra-
diation, and a net cooling in the first two or three 
atmospheric scale heights due to radiative cool-
ing. The net heating rate increases with total dust 
opacities. 

 
Figure 3: Net heating and cooling rates calcu-

lated for (a) “best” and (b) “typical” MCS dust pro-

files in MY; (c) mean MCS dust profile during the 

global dust storm of MY 28, averaged in the re-

gion from 30°S to 30°N at Ls = 280°. 

 

Conclusions: We provided the global character-

ization of the dust activity observed by the PFS 

during six full Martian years [8]. A significant net 

heating of the atmospheric layers just above the 

peak altitude of dust opacity and net cooling of 

atmosphere close to the surface are observed. 

 

References:  

[1] Heavens et al., JGR, 116, E04003, 2011.  

[2] Madeleine et al., JGR, 116, E11010, 2011. 

[3] Haberle et al., Icarus, 50, 322-367,1982. 

[4] Schneider E.K., Icarus, 55, 302-331,1983. 

[5] McCleese et al., JGR, 115, E12016, 2010. 

[6] Heavens et al., JGR, 116, E01010, 2011. 

[7] Smith, Icarus, 202, 444 – 452, 2009. 

[8] Wolkenberg et al., Icarus, in press, 2017. 

 

Acknowledgements: This work has been per-

formed under the UPWARDS project. This pro-

ject has received funding from the European Un-

ion´s Horizon 2020 research and innovation pro-

gramme under grant agreement No633127. 


