
	
Methodology	
The	simula+on	is	configured	with	5	grids.	The	innermost	
grid	has	a	horizontal	grid	spacing	of	2.96km.	The	model	
is	 run	 for	 9	 sols.	 Ini+aliza+on	 and	 boundary	 condi+on	
data	 are	 taken	 from	 a	 NASA	 Ames	 GCM	 [3]	 simula+on	
with	column	dust	opacity	driven	by	zonally-averaged	TES	
retrievals.	 Ver+cal	 dust	 distribu+on	 is	 given	 by	 a	
Conrath-v	parameteriza+on	that	varies	with	season	and	
la+tude.	
	

	
Subsurface	model	and	physics	
11	soil	levels;	1mm	ini+al	layer	depth;	1.5m	boPom	
layer	depth;	Ini+alized	from	GCM;	Subgrid-scale	level	
2.5	TKE	parameteriza+on;	NASA	Ames	two-stream,	
correlated-k	radia+on;	Topo	shadowing	and	slope	
radia+on	effects;	Monin-Obukhov	surface	layer;	
Water	microphysics	not	ac+ve;	CO2	ice	sta+cally	
placed	from	GCM;	Conduc+ve	regolith	model	
	
	
	

Ver8cal	Grid	Spacing	
14.54m:	First	atmospheric	layer	
30m:	Ini+al	ver+cal	grid	spacing	
1.12:	Geometric	stretch	factor	
2500m:	Maximum	grid	spacing	
50:	Number	of	ver+cal	grid	points	
51	km:	Model	top	
	

MRAMS simulation configuration 

Evalua8on	of	NASA	Curiosity	rover-SAM	mar8an	methane	detec8ons		
with	the	Mars	Regional	Atmospheric	Modeling	System	(MRAMS)	

The	in	situ	detec+on	of	methane	at	Gale	crater	by	the	SAM	instrument	suite	on	the	NASA	MSL	Curiosity	rover	has	garnered	significant	aPen+on	because	of	the	implica+ons	for	the	poten+al	of	
indigenous	Mar+an	organisms	[1].	In	the	absence	of	a	yet-to-be-confirmed	rapid	destruc+on	mechanism,	the	photochemical	life+me	of	methane	is	on	the	order	of	several	centuries.	This	is	much	
longer	than	the	atmospheric	mixing	+me	scale),	and	thus	the	gas	should	tend	to	be	well	mixed	except	when	near	a	source	or	shortly	a]er	an	episodic	release.	The	observed	spike	of	7.2	ppbv	from	
the	background	of	<1	ppbv,	and	then	the	return	to	the	puta+ve	background	level	in	47	sols	is,	therefore,	curious.	The	Mars	Regional	Atmospheric	Modeling	System	(MRAMS)	[2]	was	used	to	study	
the	 transport	 and	mixing	 of	methane	 from	 specified	 source	 loca+ons	 using	 tracers,	 and	 to	 inves+gate	whether	methane	 releases	 inside	 or	 outside	 of	 Gale	 crater	 are	 consistent	 with	 SAM	
observa+ons.	

Steady-state	methane	release	conclusions	

Methane	release	outside	Gale	scenario	

  
PhDay Físicas UCM 

 December 14th-20th 2017, UCM, Madrid, Spain 

Jorge	Pla-García1,2,3	
1Centro	de	Astrobiología	(CSIC-INTA),	Madrid,	Spain;	2Space	Science	Ins+tute,	Boulder,	CO,	USA	

3Southwest	Research	Ins+tute,	Boulder,	CO,	USA;	jpla@cab.inta-csic.es	

t1 = 0225 LMST 

t2 = 0825 LMST 

Steady-state	methane	release	scenarios	

In	 this	 experiment	 four	
tracers	 were	 injected	 into	
the	model:	Tracer	#1	mimics	
CH4	 release	 and	 the	 other	
t racers	 are	 p laced	 in	
different	 eleva+ons.	 Tracer	
#2	is	placed	from	200	to	500	
meters	 high	 inside	 Gale,	
tracer	#3	from	500	to	2,000	
meters	high	 inside	Gale	and	
tracer	#4	elsewhere.		

Punctual	methane	release	scenarios	

Tracer	#1	 inside	 the	 crater	 is	diluted	 to	a	 few	percent	 just	6	hours	 a]er	 the	
release	@Ls270.	In	contrast,	50%	of	the	tracer	#1	in	the	crater	@Ls90	remains	
a]er	6	hours.	The	mixing	of	the	crater	air	with	the	external	air	outside	of	Ls270	
is	reduced,	but	the	+mescale	it	is	s+ll	rapid.	 	Regardless	of	the	season,	the	air	
mass	of	the	northern	crater	is	evacuated	and	mixed	away	in	1	sol	or	less.		
	

Dura+on	 of	 CH4	 peak	 detected	 by	 SAM	 is	 100	 sols	 (assuming	 no	 high	 frequency	 varia+ons).	 So	 then	 the	model	 simula+ons	
indicate	that	there	must	be	a	steady-state	release	inside	the	crater	to	counteract	atmospheric	mixing,	because	the	+mescales	of	
mixing	in	the	crater	is	~1	sol	during	all	seasons,	which	is	much	faster	than	previously	es+mated	[4,	5].		

The	frac+on	of	a	given	tracer	compared	to	the	total	tracers	over	+me	is	studied.		By	comparing	the	frac+on	of	other	tracers	at	the	same	loca+on,	the	amount	of	mixing	from	different	air	masses	can	be	determined.	

Methane	release	inside	Gale	scenario	

This	 scenario	was	 configured	 as	 the	 CH4	 release	 inside	Gale	 scenario	 but	 placing	 tracer	 #1	 outside	Gale	 to	 the	NW	 (roughly	
upwind)	with	a	medium	size	area	(~6,400km2)	emission.	Results	show	that	only	12	hours	a]er	release,	the	CH4	that	makes	it	to	
the	MSL	loca+on	is	diluted	by	six	orders	of	magnitude	from	the	ini+al	release	concentra+on	regardless	of	the	season.	Although	
the	air	in	the	crater	is	being	rapidly	replaced	by	outside	air,	there	is	a	large	amount	of	mixing	and	dispersion	of	the	source	air.	To	
achieve	a	value	of	1	ppbv,	a	release	of	CH4	on	the	order	of	parts	per	thousand	would	be	required,	which	is	likely	unreasonable.	

Punctual	methane	release	conclusions	

These	 scenarios	 include	 five	 independent	 methane	 con+nuous	 release	
sources	located	at	NW,	NE,	SW	and	SE	outside	Gale	crater	with	an	area	of	
~6,400	 km2	 each	 and	 a	 con+nuous	 release	 source	 inside	 Gale	 closed	 to	
MSL	with	an	area	of	is	~149	km2.	Tracers	do	not	interact	with	each	other,	
so	their	behavior	can	be	studied	independently	in	the	same	simula+on.		
	
In	 these	 scenarios,	 the	 methane	 release	 is	 steady-state	 (con+nuous	
outgassing	event	from	ground)	with	a	prescribed	flux	of	2.3x10-6	kg	m-2	s-1	
(derived	from	[6]	clathrates	fluxes	subsurface	model)	during	a	period	of	~9	
sols.	Methane	in	MRAMS	is	not	predic+ve	per	se,	but	no+onal,	that	is,	one	
can	 adjust	 the	 flux	 knob	 in	 order	 to	 get	 a	 propor+onal	 answer	 (e.g.	
mul+plying	 flux	 in	 MRAMS	 by	 200	 we	 get	 a	 200	 +mes	 higher	 methane	
value)	
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And	addi+onal	simula+on	was	conducted	in	order	to	mimick	Mumma	et	al.	2009	[7]	methane	
detec+ons.	In	the	figure	only	Ls270	is	shown	in	2	different	release	scenarios:	full	and	limited	
Mumma	et	al.	2009	detec+on	areas	in	order	to	study	the	impact	of	the	different	release	sizes.	

CH4	steady-state	release	inside	Gale	close	to	MSL	
MRAMS	CH4	abundance	at	release	loca+on	

CH4	steady-state	release	outside	Gale	(NW-NE-SW-SE)	
MRAMS	CH4	abundance	at	MSL	loca+on	

	
Tracers	in	the	model	
Can	be	placed	anywhere,	and	
may	be	released	instantaneously	
or	at	a	user-specified,	+me-
dependent	rate.	Tracers	are	not	
radia+vely	ac+ve	and	do	not	
contribute	to	the	tendency	of	
any	model	prognos+c	variables.		
	

*	Predicted	methane	abundances	of	a	steady-state	source	vary	by	an	order	of	magnitude	over	a	diurnal	cycle	so	the	local	+me	of	sample	ingest	may	strongly	impact	methane	abundance	measurements.	
*	It	is	difficult	to	reconcile	the	SAM	measurements	with	the	transport	and	mixing	predicted	by	MRAMS.	
*	The	only	plausible	scenario	is	an	intermiPent	local	release	close	to	the	rover	with	the	restric+on	that	such	releases	must	be	globally	rare	or	there	must	be	a	unknown	rapid	methane	destruc+on	mechanism.	
*	But,	if	we	mul+ply	flux,	increase	release	area	or	move	it	closer	to	rover	(or	all	of	previous),	we	would	get	methane	values	that	SAM	should	be	capable	to	detect	doesn’t	maPer	where	it	comes	from.	
*	SW	release	at	Ls90	and	NW	release	at	Ls270	outside	Gale	are	the	higher	values	due	to	global	circula+on.	
*	Ls90	(SAM’s	high-CH4	abundance	period)	seems	to	have	higher	methane	values	than	Ls270.	Release	inside	or	close	to	Gale	show	very	localized	methane	in	contrast	with	Mumma	et	al.	2009	detec+on.	
*	In	the	mimicking	Mumma	release	area	scenario,	CH4	is	building	up	around	MSL	just	3	sols	a]er	being	released	>3,000	km	away!	With	a	smaller	release	area	(just	B2	area)	we	get	30	+mes	lower	CH4	levels	at	MSL	
*	Although	Ls155	is	the	season	of	the	peak	methane	observa+on	by	Mumma,	the	highest	CH4	value	in	our	experiment	is	reached	in	Ls270	(one	order	of	magnitude	higher	than	Ls155).	
*	The	circula+on	in	and	around	Gale	Crater	is	extremely	complex	and	varies	seasonally.	The	circula+on	is	strongly	3-D,	not	just	2-D,	and	any	scenario	describing	the	transport	of	CH4	must	recognize	this	dimensionality	

	
	
	


