Observations of the Martian atmosphere
by NOMAD on ExoMars Trace Gas Orbiter
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LNO channel

* Nadir mapping of
trace gases

e But also Limb and
Solar occultation

SO channel

+ Solar occultation

« Composition of the
atmosphere

* Dust, clouds

* (SOIR instrument on
Venus Express)

UVIS channel

* Nadir and Solar occultation
* Ozone, UV level
e Dust, clouds

1 day coverage:
One orbit every ~2
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Instrument status

* NOMAD was off 2 weeks during the COVID-19 lockdown
* Was successfully restarted on | | April

EGU, 4 May 2020

Nb
Observations

4320
(100)

4144
7448
81
298

Type of Observation

Solar occultation - SO+UVIS
(grazing)

Nadir dayside — LNO+UVIS
Nadir dayside — UVIS

Nadir nightside — LNO+UVIS
Nadir nightside — UVIS
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‘NOMAD : Science Objectives
H,O

Chem|cal comp05|t|on

Detection of a broad suite of
trace gases and key isotopes
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CO,, CO, O;

CH, related : CH,, 13CH,,
CH5D, C,H,, C,H,, CyHg,
H,CO

Escape processes : H,0,

Altitude

HDO -> D/H
Volcanism related : SO, H,S, HCI
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| ‘NOMAD : Science Objectlves 2
EI Mars CI|matoIogy & Seasonal cycles -
» 3D spatial & temporal variability of o -
trace gases and aerosols (dust & clouds) 5.
» Climatology of O5; and UV radiation < g
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Sources & Sinks

Analyse correlation trace gases — dust -
clouds - T&P

H, O vmr ratio

Use GCM for interpretation

Height {km)
vmr ratio

0
i60 180 200 220 240 260 280
Solar Longitude

GDS0008 H,0O
nonGDS H>0

Neary et al, GRL 2020

Giuranna et al, Nature Geoscience 2019
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SO & UVIS - Solar occultation
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UVIS - Solar Occultation
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* Determination of transmittance based on Trompet et al. (2016)
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H,O and HDO
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Heavily enriched
(D/H)nz20

Thermal escape I I
of lighter isotope

KA

S““'"‘““"Illl

Surface water ice

Sironokth.

The (D/H)uzo ratio reveals the loss of
water from Mars and the age of the

sensed gas.

TN TR TN

Cryosphere:

(D/H)20 < 2 VSMOW, representative

of a more primordial chemistry

Low primordial
(D/H)iz0

o>

i

Release from
sub-surface reservoir?

=
Water reservoir

S. Aoki, G. Villanueva,

G. Liuzzi

Villanueva et al.,

DPS 2018
" be



BIRA.IASB

HDO H,O
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Normalized spectra at 0=50 km
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Dust storm & HZO Aoki et al., JGR (2019)
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Dust storm & H,O Aoki et al., JGR (2019)
&
- Latitudinal Coverage o
3 8o O™ 4 | 24 E
fo f \ ; { Vil I
o 40 < { \ = 129
2 20 \ | 8
¥ oE & % e PN+ § 5 5 3 0 S
200 250 300 350 400
N h . h Solar Longitude [Degrees])
e m ISp e re NOMAD H20 - Northern hemisphere
e e e e e [ e e e (= TS SR RS 120+
i ~ al dust storm! 7
100 — =
! 1 Moo
50| , | dust stormj! -
T ~ ] W® :
s o
: B
g % 2
<L = ﬂso =
3 ;
= 40 5
g
20 20
| |
0 ) . | ) . 0
200 250 400
EGU, 4 Ma Solar Longitude ul!“ ‘&



Dust storm & H20 Aoki et al., JGR (2019)

e [atitudinal variation

Global dust storm

(a) Ls=160-195 (b) Ls=195-202 (c) Ls=210-220
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CO retrieval
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* Dust loading

* Water ice abundance

o Altitude of water ice

condensation slowly
declines (90 -> 50 km)

o Following the Dust
decreases
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Dust characterlzatlon (Liuzzi et al, JGR 2020)
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* lce particle size

* Dust particle size

EGU, 4 May 2020

Latitude [deg.]

Altitude [km]

Latitude [deg.]

Altitude [km]

S0

-5041 =

50

-50

100

50

-501

50

-50 48

100

80

601

40

20

NG L
R -

o

o ot

Voo e aes

. BIRA.IASB

Ls MY 34/35

2

40-80 km

S s e i)
Y )

ul"

-

=

10-40 km

> 4.0

Ice particle size [um]

Ls MY 34/35

40-80 km

10-40 km

> 3.0

Dust particle size [um]

<1.0



GCM simulations to explain high altitude @

water vapor during 2018 dust storm

Neary et al., GRL 2020
EGU2020: D3010/EGU2020-14498

* Vertical distribution of dust is a key factor for the
transport of water vapor through the equatorial
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Extinction (km™)

New profile better
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Non dust storm Old dust profile New dust profile @

:

a. nonGDS b. GDS007 C.
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circulation +
water vapor

Hoight [km]
Height [km)
Hoight [km]

temperature
+ water ice

Height [km)

higher altitude dust Qwarmer temperatures E>fewer water ice clouds

I:> transport of water vapor to high altitudes
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New dust profile better simulates high altitude wa
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during dust storm
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