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Introduction: The Mars Reconnaissance Orbiter 

(MRO) has acquired more than 7 years of radio track-
ing data that enable measurements relevant to the plan-
et’s internal structure and atmospheric dynamics [1].  

The low altitude of the MRO spacecraft (periapse 
at 255 km) helped improve the knowledge of the static 
Martian gravitational field [2]. The available radio 
tracking data can also potentially be used to recover 
the seasonal variation of the low-degree zonal gravity 
coefficients. However, the large errors in the atmos-
pheric drag modeling reduce the benefits of the MRO 
tracking data. As a result, MRO gravity science was 
not expected to help extend the seasonal monitoring 
[2] begun with MGS [5] and Mars Odyssey.  

Therefore, we focused our work on the implemen-
tation of a semi-empirical thermosphere model in our 
Precise Orbit Determination (POD) program with the 
goal of turning the drag perturbation into an indirect 
measurement of the partial densities of the major at-
mospheric constituents. We present here the estimation 
of the annual variability of O and CO2 with 6 years of 
MRO radio science data, which cover three full Mar-
tian years (from 28 to 31).  

Thermosphere model:  A semi-empirical density 
model, Stewart-87 [3], has been previously included 
in our POD program (GEODYN-II, [4]) to reconstruct 
the MRO trajectory and recover the Mars gravity field. 
The absence of partial and total density data of the 
Martian thermosphere above 200 km limits the accura-
cy of this model. Therefore, we implemented the semi-
-empirical “Drag Temperature Model (DTM)–Mars” 
[5] into GEODYN II, to adequately reproduce varia-
tions in temperature and (partial) density along the 
MRO trajectory. DTM-Mars predicts density and tem-
peratures as a function of position (altitude, latitude, 
local solar time), solar activity, and the Mars 
day-of-year. The model assumes static diffuse equi-
librium of the thermospheric constituents, which is 
valid in the altitude range from 115-135 km to 800 
km. The total density is defined as the sum of the par-
tial densities of each atmospheric constituent as fol-
lows: 

 

           
  

where ρi is the partial density of each constituent at 
120 km, fi is an exponential height function, and the 
spherical harmonic function Gi(L) reproduces varia-
tions as a function of latitude, solar local time and solar 
activity, both periodic and non-periodic variations [5].  

 MRO’s sun-synchronous orbit is inside the DTM -
Mars region of confidence with its periapse altitude of 
255 km over the South Pole and its apoapse altitude of 
320 km over the North Pole.  

DTM-Mars a priori coefficients were estimated 
from Mars Global Surveyor (MGS) radio tracking and 
accelerometer data [5]. At the altitude of MGS (~400 
km average) Helium was the major constituent, and 
therefore we expect its annual and semi-annual varia-
bility to be well determined from MGS data. However, 
Helium becomes the major constituent only at high 
altitude (> 300 km), when the total density is about 5 
times lower than at MRO’s periapse. Along MRO’s 
orbit, the major constituents alternate between CO2, O 
and He. O commonly makes up about 70-80% of the 
total density at altitudes lower than 300 km but CO2 is 
comparable to O at altitudes close to 250 km (which 
represents the upper boundary of the thermosphere 
where CO2 is the major constituent). For this reason, 
we present in this work an update of the DTM-Mars 
coefficients that represent the annual and semi-annual 
variability of CO2 and O. 

Estimation strategy; The recovery of the Mars 
gravity field and its atmospheric dynamics using Dop-
pler tracking data requires the accurate modeling of all 
the forces acting on the spacecraft. The main non-
conservative force model, apart from drag, that limits 
long-wavelength and temporal gravity recovery is the 
solar radiation pressure. The spacecraft is modeled as a 
set of plates representing the spacecraft bus, the solar 
panels and the antenna. The orientation of each plate is 
determined from spacecraft telemetry and the specular 
and diffuse coefficients for each plate are based upon 
combination of surface types. The MRO panel reflec-
tivities and the scaling factor for the solar pressure 
force (CR=1) are not estimated. We adjusted a set of 
empirical once-per-revolution (OPR) along-track peri-
odic accelerations (cosine and sine) over each orbital 
arc, to account for solar radiation pressure mismodel-
ing. The total amplitude of the OPR accelerations is 
uniform, steadily close to 0.7e-08 m/s2 during the mis-
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sion, with peaks of 1.e-08 m/s2 at intensive dust storm 
events. This acceleration bias absorbs the degradation 
scale factor of the spacecraft panel reflectivities.   

The atmospheric drag model uses density values 
from the DTM-Mars model. We adjusted an atmos-
pheric drag coefficient (CD) for each spacecraft orbit. 
These coefficients are time-correlated within each arc 
(~3 days) with a time-correlation length of one orbital 
period. 

We downselected 748 arcs of the converged OD 
solution, editing out all the data during superior solar 
conjunctions (Sun-Earth-Probe angle < 20˚). After-
wards, we combined these arcs in a global solution 
where we estimated spacecraft initial states, time-
correlated drag scale factors and O annual and semi-
annual both symmetrical and seasonal variability and 
CO2 annual and semi-annual symmetrical variability. 
The symmetrical annual (A1) and seasonal annual (A2) 
variability terms are given by: 

 

 
 
and the symmetrical semi-annual (SA1) and seasonal 
semi-annual (SA2) variability terms are respectively: 
 

          
 
where Pnm are the associated Legendre latitude func-
tions of degree n and order m , and Ω =2π/698.9 day-1.  

Results: Figure 1 shows the DTM-Mars a priori 
and recovered O annual and semi-annual variability. 
This highlights a significant semi-annual contribution 
which gives two maxima just after summer and winter 
in the southern hemisphere.  

Figure 2 shows the DTM-Mars a priori and recov-
ered CO2 annual and semi-annual variability. We have 
only estimated the symmetrical variability of this con-
stituent because of the lack of sensitive data coverage 
at northern latitudes. Therefore, the adjustment in CO2 
is essentially a phase correction that shifts the maxi-
mum density at the Equator to be more synchronous 
with the O annual variability.  

Conclusions and future work: The MRO periap-
sis altitude leads to uncompensated drag forces that 
may affect the gravity solution from radio tracking 
data analysis. We turned this perturbation into an indi-
rect measurement of Mars atmospheric density. The 
altitude of MRO closest approach allows us to deter-
mine the annual and semi-annual variability of O and 
CO2. The adjusted DTM-Mars model provides a better 
prediction of Mars density variability that may help 
extend the seasonal gravity monitoring with MRO 
tracking data. Moreover, the recovered evolution of 

CO2 combined to the Mars seasonal gravity (especially 
J3) can be used to measure the seasonal mass of CO2 
that is deposited in the polar region each fall and win-
ter and sublimed back into the atmosphere every spring 
and summer. 

Figure 1 Oxygen annual and semi-annual variability at 
latitudes respectively 82˚S (A) and 0˚ (B). 

Figure 2 CO2 annual and semi-annual variability at 
latitudes respectively 82˚S (A) and 0˚ (B). 
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