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• A “step”, or change in 
gradient, in electron 
density at ~160 km 
can be seen in MEX 
RS, MGS RS, and 
MEX MARSIS data. 

• What is it?
• Why is it not 

apparent in Mariner 
9, Viking Orbiter, or 
Viking Lander data?

• Why is it not 
predicted by models?

What is this 
feature?

MEX data



MGS
3084V55A.EDS
2003-03-25
Lat = 80N
LST = 12.6 hrs
SZA = 71 deg

This “step” is 
visible in many 
MGS profiles



MARSIS is a
topside ionospheric
sounder on Mars 
Express.

It also sees a “step” 
in the topside

MARSIS data
Nielsen et al.
(2006)
Space Sci. Rev.



Typical Ionospheric Profiles for Earth and Mars

Earth (Hargreaves, 1992)
F layer due to EUV photons
E layer due to soft X-rays
D layer due to hard X-rays

Soft ~ 10 nm, hard ~ 1 nm

Mars (MGS RS data)
Transport important above ~180 km
Main peak at 140 km due to EUV 

photons
Lower peak at 110 km due to 

X-rays. Lower peak is very 
variable and often absent



Mars ionospheric chemistry

• Few observations of neutral atmosphere composition exist
• O/CO2 ratio is predicted to vary with altitude, season, time of 

day, etc
• This is a challenge for ionospheric modelling and data analysis

Bougher et al., 2002

• CO2 + hv -> CO2
+ + e (production)

• CO2
+ + O -> O2

+ + CO (chemistry)
• O2

+ + e -> O + O (loss)

• The presence of neutral O affects 
ionospheric chemistry and 
electron densities



Data and model for Mars atmospheric composition from Viking 1.
Hanson et al. (1977) and Nier and McElroy (1977)
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The only observations of Mars ionospheric composition (Hanson et al., 1977)
No “step” or similar feature is visible on the topside



Mariner 9 and Viking Orbiter radio occultation
electron density profiles (Kiore 1992). No obvious “steps” are visible.



Mariner 9 and Viking Orbiter radio occultation
electron density profiles (Kiore 1992). No obvious “steps” are visible.





Viking-era models do not show any
topside “step”.

1-D models include photochemistry
and vertical transport by diffusion.
“Transport processes begin to control
the ion density distribution at altitudes
above 200 km.” (Chen et al., 1978)

Hanson et al. (1977)

Chen et al. (1978)



Recent MHD models do not show a topside “step” (Ma et al., 2004)



Recent 1-D photochemistry/diffusion models do not show a “step”, although this figure
does hint at interesting behaviour at 180 km. SZA=60 degrees. Krasnopolsky (2002)



Another recent 1-D photochemistry/
diffusion model shows something 
happening at 180 km, but does not
show the topside “step”.

Top left: High solar activity
Bottom left: Low solar activity

SZA = 60 degrees
Fox et al. (1996)



MGS RS data
3012G12A.EDS
2003-01-12
Lat = 76N
LST = 04.4 hrs
SZA = 75 deg

Open black circles =
Observed Ne(z)

Red curves = Two
Chapman fits
First fit to X-ray peak
in observed Ne(z)
Second fit to residual
after first fit subtracted
from observed Ne(z)

Green curve = Sum of
two Chapman fits

Blue curve = Residual
after both fits subtracted
from observed Ne(z)

After fits to the X-ray and EUV ionospheric layers are
removed, excess electron density in the topside is 
visible around 175 km.



Peak altitude,
peak electron density,
and neutral scale
height for three fitted
Chapman layers:

112 km, 47 m-3, 9 km
137 km, 86 m-3, 9 km
173 km, 22 m-3, 10 km

The sum of three Chapman layers (green curve) is a good match to the observed
Ne(z) (open black circles). The residuals (blue curve) are consistent with the
uncertainties in the observed Ne(z) (vertical black lines).

MGS RS data
3012G12A.EDS
2003-01-12
Lat = 76N
LST = 04.4 hrs
SZA = 75 deg



MGS RS data
3081P28A.EDS
2003-03-22
Lat = 81N
LST = 12.4 hrs
SZA = 71 deg

Open black circles =
Observed Ne(z)

Red curves = Two
Chapman fits
First fit to X-ray peak
in observed Ne(z)
Second fit to residual
after first fit subtracted
from observed Ne(z)

Green curve = Sum of
two Chapman fits

Blue curve = Residual
after both fits subtracted
from observed Ne(z)

After fits to the X-ray and EUV ionospheric layers are
removed, excess electron density in the topside is 
visible around 180 km.



MGS RS data
3081P28A.EDS
2003-03-22
Lat = 81N
LST = 12.4 hrs
SZA = 71 deg

Peak altitude,
peak electron density,
and neutral scale
height for three fitted
Chapman layers:

115 km, 42 m-3, 12 km
140 km, 75 m-3, 9 km
174 km, 7.8 m-3, 11 km

The sum of three Chapman layers (green curve) is a good match to the observed
Ne(z) (open black circles). The residuals (blue curve) are consistent with the
uncertainties in the observed Ne(z) (vertical black lines).
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MEX RS data
2005-12-31 Orbit 2528
Lat = 61.0N Lon = 211E
LST = 13:24 hrs Ls = 349.2 deg
SZA = 67.7 deg

In this example production functions
are added together
Ne proportional to square root(PF)
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MEX RS data
2006-01-01 Orbit 2531
Lat = 60.7N Lon = 277E
LST = 13:26 hrs Ls = 349.7 deg
SZA = 67.3 deg

In this example production functions
are added together
Ne proportional to square root(PF)



Why fit a Chapman Layer to the 
topside ionosphere?

• Shape described by only three parameters (N, z, 
H)

• Electron density decreases rapidly below peak 
altitude, decreases slowly above peak altitude. 
Any fit to the topside “step” must not affect 
electron densities around the ionospheric peak 
significantly.

• This mathematical function has been used 
previously to describe ionospheric regions 
controlled by photochemistry and regions 
controlled by diffusion

• This choice of fitting function does not imply that 
the topside “step” is a classical monochromatic, 
isothermal, photochemical Chapman layer.



Hypotheses
• Change in O/CO2 ratio with altitude makes O+, 

not O2
+, the dominant ionospheric species. 

Subsequent change in recombination rate 
and/or diffusion coefficient affects electron 
density profile.

• Change in temperature with altitude affects scale 
height, which affects the change in optical depth 
with altitude and diffusion. Both of these can 
affect the electron density profile.

• Transition from photochemistry-dominated 
regime to diffusion-dominated regime.



Lack of Previous Observations and 
Theoretical Predictions

• Vertical resolution of Viking RPA measurements was ~5 
km, so this “step” would be difficult to distinguish from 
the general trends in the topside.

• Mariner 9 and Viking Orbiter RS profiles are no longer 
available in digital format. Their noise level was 103 cm-3, 
comparable with that of MEX and smaller than the MGS 
value of 3 x 103 cm-3. This lack of detection is a puzzle.

• The scarcity of observations of the composition and 
temperatures of the Mars neutral upper atmosphere and 
ionosphere means that many model inputs are poorly 
constrained. In this situation, models are often tuned to 
reproduce existing observations, rather than fully explore 
the allowed regions of parameter space.



Conclusions
• A step, ledge, layer, or feature in the 

topside Mars ionosphere has been 
observed by MEX RS, MGS RS, and 
MARSIS.

• This is not visible in prior observations nor 
is it predicted by existing models.

• Hypotheses for the origin of this feature 
include vertical variations in chemistry, 
temperature, or the importance of 
photochemistry relative to transport.



Predicted O/CO2 ratio varies greatly

Bougher et al. (1999, above) and
(2000, right).

Equinox
Northern
summer
solstice

Southern
summer
solstice



The O2
+/CO2

+ ratio is affected by the O/CO2 ratio
Hanson et al. (1977)
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Introduction

Background

Previous Observations



Models

Topside Fits

Interpretation


