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Introduction:  A variety of measurements of me-

thane in the martian atmosphere have been made over 
the past 15 years (e.g., [1-6]), showing wildly varying 
indications of methane abundance, location and lifetime 
in the martian atmosphere.  These observations may be 
broken down into two categories, remote and in situ.  
The former consists of both Earth-based [1-2] and or-
bital [4-5] observations; these have been highly irregu-
lar in time, season and region.  In situ data, to date, con-
sists solely of observations made by the Mars Science 
Laboratory Tunable Laser Spectrometer (TLS) [6]. 

Attempts have been made to use numerical tools 
such as general circulation models (GCMs) to identify 
source locations and timing of methane releases, but 
these remain inconclusive under the current approach of 
forward-trajectory plume modeling.  Under this ap-
proach, passive ‘tracers’ are introduced into the GCM at 
specific locations and seasons, and are allowed to 
evolve with time, dispersing with the atmospheric cir-
culation.  Relationships are then sought between the 
evolved methane plume and observations.  Results us-
ing this approach have yet to provide convincing evi-
dence of localized methane surface sources. 

Here, we present results using a novel, complemen-
tary method of localizing methane surface sources by 
modeling passive tracer trajectories backwards in time 
from the locations where observations of atmospheric 
methane have been made.  Such back-trajectory model-
ing employs both GCM modeled winds and a Lagran-
gian particle dispersion model to isolate potential up-
wind sources of the observed signal(s).  This approach 
avoids many of the pitfalls inherent in forward-trajec-
tory modeling approaches such as numerical diffusion 
and subgrid-scale motion which cannot be captured in 
the Eulerian framework of a GCM, alone. 

Approach:  Of the methane observations cited 
above, we have chosen to focus on localization of the 
recent detection of methane by the Planetary Fourier 
Spectrometer [5] near Gale crater around Ls=336° in 
MY 31.  This observation is consistent with a near-co-
incident enhanced methane ‘spike’ observed by the 
Mars Science Laboratory TLS instrument [6]. 

Back-trajectory modeling has been widely used for 
terrestrial applications (e.g., [7-8]) but has not been pre-
viously applied to planetary questions like this.  In the 
present study, we have chosen to use the Stochastic 
Time-Inverted Lagrangian Transport (STILT) particle 
dispersion model in conjunction with the Mars Weather 

Research and Forecasting (MarsWRF) GCM for our 
back-trajectory modeling.  The approach consists of 
four steps: 

1. Generating 3-D meteorological fields consistent 
with the general circulation of Mars at the time 
of the respective methane observations with 
MarsWRF. 

2. Tracking the motion of individual tracers using 
MarsWRF winds in reverse, and applying turbu-
lent motion to the tracer trajectory with STILT.  
This is done individually for each observation. 
Of order 103-104 tracers may be tracked for each 
observation. 

3. Identifying the source region (or ‘footprint’) 
from which each observed methane signal may 
originate.  This is determined by observing where 
individual tracers intersect the surface at a prior 
time. 

4. Establishing models of surface flux from within 
each source region which is consistent with the 
observation(s). 

The footprint generated in Step 3 provides only a 
map of surface sources of the observed signal, but not a 
flux model.  There may be multiple flux models con-
sistent with an individual observation; selecting the cor-
rect flux model requires comparison with surface geol-
ogy and likely sources of methane emission, as in [5]. 

Results:  Our first results have shown that this ap-
proach can, indeed, provide a useful way to localize 
source locations.  The full integration of the STILT 
model remains a goal of this team; to date, we have com-
bined MarsWRF output with a more basic trajectory 
model to illustrate that, even in the absence of small-
scale motion, which is key for capturing the motion not 
measured in a GCM, we can find areas of enhanced 
tracer density at prior times.  These locations may be 
further investigated for their viability as putative me-
thane sources.  Figure 1 shows a demonstration of the 
approach, using a grid of 174 points as source locations 
for model tracers covering the footprint of the PFS in-
strument during its methane detection as in [5].  By in-
tegrating backwards, using MarsWRF winds at a 30-mi-
nute timestep for multiple sols, we can see the evolution 
of this grid earlier in time. Snapshots in time one and 
two sols prior to the observation are shown.  Figure 2 
shows the relative density of methane sources from this 
approach, where the source is defined as the location 
where the tracer last intersected the 100 m altitude level. 

6057.pdfNinth International Conference on Mars 2019 (LPI Contrib. No. 2089)



Summary: We have begun to implement back-tra-
jectory modeling to localize the source of Mars methane 
plumes.  Our first results look promising that the ap-
proach will succeed.  Back-trajectory modeling simpli-
fies the localization problem, since the observed loca-
tion of the plume is a known value.  In forward-trajec-
tory modeling, it is largely a hit-or-miss approach, since 
source locations are guessed at, and there is no assur-
ance that any simulation will match observations.  Our 
back-trajectory approach should reduce the computa-
tional effort required to localize these source locations. 
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Figure 1 (above): Trajectories of passive tracer 
particles from the region corresponding to me-
thane detection footprint of Giuranna et al., 
(2019).  Left panel shows the distribution of 174 
tracers at the time of methane observation.  Mid-
dle and right panels show locations of tracers 1 
and 2 sols prior to the observation.  Simulation 
injects new tracers every hour for two sols prior 
to the observation to simulate a more extended 
release.  Right panel, therefore has 174 x 48 = 
8352 individual tracers.  Tracer colors corre-
spond to altitude above surface.  Red = near sur-
face, yellow = > 1000 m. 
 
Figure 2 (left): The relative density of tracer 
(methane) sources for this simulation.  A source 
for each tracer is defined as the location of the 
tracer the last time it rose above 100 m altitude.  
It is assumed that below this elevation, the at-
mosphere is rapidly well-mixed. 
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