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Abstract 

Mars possesses no dynamic magnetic field of internal 

origin as it is the case for the Earth or for Mercury. 

Instead Mars is characterized by an intense and 

localized magnetic field of crustal origin. This field is 

the result of past magnetization and demagnetization 

processes, and reflects its evolution. The 

Interplanetary Magnetic Field (IMF) interacts with 

Mars’ ionized environment to create an external 

magnetic field. This external field is weak compared 

to lithospheric one but very dynamic, and may 

hamper the detailed analysis of the internal magnetic 

field at some places or times. Because there are 

currently no magnetic field measurements made at 

Mars’ surface, it is not possible to directly monitor 

the external field temporal variability as it is done in 

Earth’s ground magnetic observatories. In this study 

we examine two indirect ways of quantifying this 

external field. First we use the Advanced 

Composition Explorer (ACE) mission which 

measures the solar wind about one hour upstream of 

the bow-shock resulting from the interaction between 

the solar wind and the Earth’s internal magnetic field 

and extrapolate these measurements to Mars. Second 

we directly use Mars Global Surveyor magnetic field 

measurements to quantify the level of variability of 

the external field on a daily basis. We present a 

comparison of these two proxies and demonstrate 

their complementarity. These proxies will especially 

be useful for upcoming magnetic field measurements 

made around or at the surface of Mars. 

1. Introduction 

The external magnetic field on Mars is very dynamic, 

as it can be seen on Fig 1. We show night side 

measurements acquired above an area devoid of 

crustal field during different orbits separated by 

about 1°. The very disturbed one (more than twice 

the mean field) happens close to well documented 

2003 Halloween magnetic super-storm [1]. 

On Earth, surface (observatory) measurements at 

constant locations routinely allow to separate daily 

(periodic) variations from rapid changes (magnetic 

storms). External field geometry is sufficiently 

constrained to define dedicated indices, e.g., Dst for 

the ring current, or AE for the ionospheric auroral 

electrojet. It is also possible to use the interplanetary 

magnetic field – IMF [2].  

 

Figure 1: MGS total field measurements at the end of 

2003 along seven orbits above the same location. 

No such measurements exist on Mars. In this study 

we describe two approaches. The first one resembles 

to a virtual observatory approach, in which 

measurements are corrected from static internal 

magnetic fields and then stacked on a daily basis to 

compute a daily index. The second one is based on 

measurements acquired at the L1 Earth-Sun 

Lagrange point and extrapolated at Mars’ position. 

2. A local proxy 

Mars Global Surveyor flew around Mars during 7 

years on nearly circular and sun-synchronous orbit, 

with a fixed periapsis close to the South Pole. At a 

given location/altitude, there are many measurements 

(~once a week), that may be seen in a virtual 

observatory scheme. Over 6,000,000 magnetic field 

measurements at 400-km altitude. The median value 

for each 0.5x0.5°cell is found; individual difference 

to median value is computed for all data; and daily 

rms differences are computed from individual 

differences. 
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The median value at a given location may be seen as 

the static field at a given location, regardless of its 

origin (internal or external) or of the a priori model 

used to remove the crustal field. We show on Fig. 2 

this proxy at the end of 2003. The signature of the 

Halloween magnetic storm is visible near doy 300. 

 

Figure 2: Daily magnetic local proxies on Mars, 

based on MGS measurements at the end of 2003.  

3. An extrapolated proxy 

No direct measurement of the solar wind pressure or 

interplanetary magnetic field exist at Mars. But such 

measurements exist between the Earth and the Sun, at 

L1 Lagrange point, by Advanced Composition 

Explorer (ACE) since 1997. These measurements 

may be extrapolated to Mars’ position [3, 4]. IMF is 

propagated along Parker’s spiral arms, only when the 

Earth and Mars are close to the same arm, time shift 

is computed to take into account both spiro-radial 

and along-orbit displacement. The three components 

of the IMF are L2-averaged on a daily basis. We 

compare them to MGS measurements (after crustal 

field correction) in a planet centered, sunstate 

reference frame (Fig. 3). 

There is a 0.8 correlation between time-shifted ACE 

and MGS-based time series, each lasting about 200 

days. This correlation proves that the external 

magnetic field around Mars can be relied to the IMF, 

and that both the local and the extrapolated proxies 

are representative of the external magnetic field 

variability at Mars. 

4. Conclusion 

The local proxy can be used to sub-select magnetic 

field measurements associated with a low external 

field variability, and therefore to reduce the temporal 

variations of the magnetic field above a given 

location. This would improve the characterization of 

static fields of internal origin [5]. 

 

Figure 3: Dst (terrestrial index, time-shifted to Mars), 

ACE extrapolated and MGS daily residuals during 

200 days at the end of 2003. 

The extrapolated proxy confirms the validity of the 

local proxy approach (when measurements are 

available), and can be used to identify magnetic quiet 

periods on Mars without local measurements when 

the Earth and Mars are close to the same Parker's 

spiral. Thanks to these complementary proxies, it will 

be possible to provide a near real-time prediction of 

the external magnetic field variability during the 

forthcoming InSight mission. 
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