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•It is now widely recognized that atm
ospheric gravity waves(G

W
s) in the 

lower atm
osphere play an im

portant role in the terrestrial m
esosphere and 

therm
osphere. They affect the dynam

ics, com
position, and therm

al 
structure [Fritts and Alexander,2003].

•G
W

s excited by flow over topography, instabilities of jets, convections. 

D
issipation
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olecular diffusion,
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ping

1-2 W
avelike perturbations on M

ars
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•W
avelike perturbations ubiquitously exist on M

ars as well. 
•Larger am

plitudes (10 tim
es than Earth) [Terada+17] could have on 

the effects in the M
artian atm

osphere. 
• The effect of these waves have not been properly addressed. 

Fig. [England+17].
Fig. [Altieri+12].

Fig. [G
roller+].

1-3 Unexpected w
ater loss at perihelion

4
Fig. The vertical profiles of w

ater vapor [M
altagriati+13] and hydrogen coronal 

em
ission intensity [Clarke+17].

•Short-term
 variations (weeks-m

onths) in H escape [Clarke+17]
•W

ater vapor layer above 40km
 altitude [M

altagriati+13]
•W

eeks variations can have on planetary evolution [Chaffin+17]
•Both happens at the perihelion which has a substantial increase of 

surface tem
perature and dust opacity, which leads G

W
 activity.



1-4 W
ater cycle on M

ars
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Fig. Schem

atic draw
ing of the m

artian w
ater cycle [Nakagaw

a,under review
].
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1-5 Purpose of this study
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•Rem
ote sensing by IUVS provide opportunities for investigating possible 

links of the atm
ospheric waves between troposphere and therm

osphere 
on M

ars.

•W
e use the IUVS stellar occultation m

easurem
ents to characterize a 

global distribution of w
avelike perturbations in m

esosphere 
(50-80km

) and lower therm
osphere (100-130km

). 

•The convective instability related to the wavelike perturbations, and 
the hom

opause height are sim
ultaneously addressed in order to 

investigate the effect of the waves on the water cycle on M
ars. 

2-1 O
bservation

•W
e use M

AVEN/IUVS stellar occultation data.
•12 cam

paigns, ~200 profiles, in M
arch 2015 and January 2017.

•It covers 30 to 150km
 altitude range w/ 2-10km

 high-vertical resolution. 
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#
Date

O
rbit

L
s

Used
1

24-26 M
ar 2015

935-944
315

4
2

17-18 M
ay 2015

1222-1226
344

0
3

1-2 Aug 2015
1635-1640

22
17

4
22-23 Sep 2015

1911-1916
45

0
5

3-4 Nov 2015
2132-2137

64
13

6
18-19 Jan 2016

2533-3838
97

3
7

17-18 M
ar 2016

2848-2853
124

7
8

26-27 M
ay 2016

3223-3228
159

8
9

14-15 Jul 2016
3498-3493

186
3

10
21-22 Sep 2016

3856-3861
227

0
11

16-18 Nov 2016
4146-4155

262
37

12
11-12 Jan 2017

4436-4445
297

8

2-2 Data set

Tab. List of the stellar occultation cam
paigns.

•CO
2 , Tem

perature, O
2  and aerosols (τ)

•W
ave data criteria: vertical resolution < 5km

, vertical coverage > 20km
.
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2-3 Data coverage
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Fig. Foot-prints of the occultation m

easurem
ents. 
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2-4 Tem
perature profiles
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Fig. Exam

ple of profiles at Ls297, lat3N (HR3206 G
am

1Vel).

•Large-scale (λ
z ~30-40km

) waves, assum
ed to be therm

al tides.
•Possibility of convective instability by wave breaking of tides alone.
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2-4 Tem
perature profiles 2
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Fig. Exam

ple of profiles at Ls262, lat8S (HR6165 23Tau Sco).

•Sm
all-scale (λ

z ~10-20km
) waves, assum

ed to be G
W

s (ΔT=10-20%
).

•M
uch m

ore convective instabilities by interaction between tides & G
W

s.

C
onvective instability
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2-5 Convective Instability

11
Fig. Lat-alt distribution of the convective instability (N

2 < 0). 

•Possible to m
uch m

ore breaking in 
40-100km

 at perihelion

2-6 Latitudinal dependence of dT

12
Fig. Zonal-averaged dT along latitudes (the deviation of zonal-m

ean for bars).

100-130km

50-80km

•Larger dT in sum
m

er hem
isphere, in particular at perihelion.
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3-1 Hom
opause height (O

2 /CO
2 )
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Fig. Profiles of CO
2  & O

2  num
ber density,  and O

2 /CO
2  (left: lon25.3, lat7.2S, LT24, 

orbit#4152, right: lon-26.7, lat1.1N, LT23, orbit#4153 in Nov. 2016).

•Assum
e O

2 /CO
2  = 2.0×10

-3 on the surface [cf. 1.45×10
-3 in M

ahaffy+13]
•O

2 /CO
2  > 115km

 to extrapolate the hom
opause height (O

2  obtained 
only from

 FUV channel > 110km
)
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3-2 Hom
opause vs  W

aves
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Fig.

•The hom
opause height m

ainly found at 90-120km
 in both seasons.

•Larger am
plitudes of w

aves corresponds to higher hom
opause?
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3-3 Hom
opause vs Aerosol(40-80km

)
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Fig.

•Larger τ of aerosols in 40-80km
 at perihelion.

•Larger τ in 40-80km
 corresponds to higher hom

opause. 

Aphelion
Perihelion

4-1 Discussion ~ G
W

s drag

16
Fig.[M

edvedev+11;Kuroda+09]

•G
W

s drag to accelerate the m
eridional circulation, which affect on the 

transport from
 Southern to Northern hem

isphere at high alt.(~150km
).

•G
W

s drag in low
er alt.(40-80km

) at high dust opacity [Kuroda+09]. 

150km

50km



4-2 Discussion ~ G
W

s drag

17
Fig. The G

W
s drag in m

eridional circulations. 
•M

ass transport over hem
ispheres could be achieved only at perihelion.

4-3 High-alt. H
2 O

 w
/, w

/o dust storm
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Fig. from

 [Fedorova+18]

M
Y28 North w

/ dust storm

M
Y32 South w

/o dust storm

M
Y28 North w

/ dust storm

M
Y32 North w

/o dust storm

•No increase in the N-hem
isphere in M

Y32 (No transport from
 south?).
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ater cycle
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5. Sum
m

ary
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•Sm
all-scale (λ

z ~10-20km
) w

aves, assum
ed to be G

W
s (ΔT=10-20%

) in the 
tem

perature profiles derived from
 M

AVEN/IUVS occultations.
•Larger w

ave activity in sum
m

er hem
isphere (in particular at perihelion), which is 

quite differ from
 that in the Earth’s atm

osphere.
•Reasonably agreem

ent with M
G

CM
 in the lower therm

osphere. It suggests the 
observed wave structures could be explained by the vertical propagation of G

W
s 

of tropospheric origin. 
•Convective instabilities, which im

plies the saturation (breaking) = G
W

s drag 
(change the circulation) and turbulence (w

ell-m
ixing), w

idely found in 
m

esosphere and lower therm
osphere. M

uch m
ore drag in 40-100km

 at perihelion, 
w

hich potentially im
ply the acceleration of m

eridional circulation at the 
altitude, providing the transported w

ater from
 the southern hem

isphere to 
high northern hem

isphere.
•Certain degree of correlation between wave activity, hom

opause height, and aerosol 
opacity in the m

iddle atm
osphere. W

ater vapor m
ight be able to transported to 

higher altitudes at higher hom
opause, where its photodissociation rate by solar 

UV increase, providing an additional source of hydrogen for the upper atm
osphere.

•The w
ell-m

ixing and upw
ard transport of w

ater vapor, and the acceleration of 
m

eridional circulation due to G
W

s breaking (drag) m
ay have an im

portant role 
on both the unexpected high-altitude w

ater vapor and hydrogen escape. 


