Atmospheric chemistry and
aerosols (1)

Lecture material: http://www.astrobio.k.u-tokyo.ac.jp/imamura/lecture/

Dust in the Martian atmosphere

Martian dust storms span the entire planet, in June 2018.
The image was taken from the NASA's rover Curiosity



Dust in the Martian atmosphere

Seasonal variation of optical thickness
in infrared
(Smith et al. 2004)

Globally-Averaged Dust Optical Depth
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Fig. 7. Globally-averaged daytime (local time ~ 1400) dust optical depth
at 1075 cm™! (scaled to an equivalent 6.1-mbar pressure surface) as a
function of season (Ls). Three martian years are represented: Mars Year
24 (MY 24) (W), MY 25 (JJ), MY 26 (x). During the planet-encircling
dust storm of 2001 (MY 25), globally-averaged dust opacity reached 1.3 at
Ly =205-215°.

Seasons of Mars

Ls = 0 : spring equinox of the northern hemisphere
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Dust as a heat source

* Absorption of solar radiation

— much stronger than the greenhouse effect of CO,, which is only several
kelvins

— much stronger than cloud albedo effect and latent heat
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Dust storms
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Globally-Averaged Dust Optical Depth
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Dust devils

Source of background atmospheric

dust ?

Distribution of
atmospheric dust

» Origin of the “background” dust is

unknown

* Maximum mixing ratio at 10-20 km

altitudes

Optical Depth at 1075 cm”’!

Meridional distribution of dust mixing ratio
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“Rocket dust storm”
Spiga et al. (2013)

Dust plumes continuously
get buoyancy through
solar heating

Figure 12. The LMD-MMM storm simulation with lifting and no initial dust pcnufbumn Same as Figure 4
except that local times range from 0800 to 1800 and longitude-altitude sections are obtamed at latinsde 1.5°S,

Global dust storm

Mars » Global Dust Storm

June 26, 2001 September 4, 2001
Hubble Space Telescope * WFPC2

NASA, J. Bell (Cornell), M. Wolff (SSI), and the Hubble Heritage Team (STScl/AURA) » STScl-PRC01-31

* Global dust storms tend to occur in southern spring-summer

» Positive feedback between dust heating and the intensification of winds is
expected in the development of global dust storms.

» Episodic occurrence - Irregular nature of Martian meteorology



H,O ice clouds on Mars

HST Mars image

color composite blue (410 nm)

Seasonal variation of dust, clouds, and H,O vapor observed by an
infrared spectrometer (TES) on Mars Global Surveyor
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Seasonal cycle of Martian water
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Figure 3. Chart describing the principal ovents affecting the Martian water cycle over the counse of o
year. NPCS stands for North Polar Cap Sublimation; SCR stands foc Seasonal Cap Recession

Water transport by Hadley circulation

« \Warmer southern summer than northern favors
net northward transport of water.
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SPICAM on Mars Express (Maltagliati et al. 2011)
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Fig. 3. Saturation ratio for all orbits of the campaign. (A) Northemn hemisphere, (B) Southern hemisphere. The vertical Bine marks the value of 1, which corresponds

to the saturated state

Vertical distribution of water vapor on Mars during the course of a Mars year
Shaposhnikov et al. (2019)
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Jupiter’s convective clouds
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Probe Mission
— Probe entry (0 min, 10~/ bars, 450 km)
____Drogue parachute
- (2.86 min, 0.4 bars, 15 km)

Aft cover removed, main parachute
(2.88 min, 0.4 bars, 15 km)

Forward heat shield drops, —"=
direct measurements begin

(3.0 min, 0.4 bars, 14 km)
Orbiter locks on radio signal
(3.8 min, 0,5 bars, 10 km)

Cloud layer
(8.1 min, 1.6 bars, <13 km)

— Probe signal ends
(61.4 min, ~24 bars, -140 km)




Dry atmosphere ?

Brightness of the sky abruptly
drops off at a pressure level of 0.6
bars, indicating an ammonia
cloud layer above this height.
The tenuous cloud layer detected
by the NEP was not seen by this
experiment.

Clouds are patchy and that the

Probe went through a relatively
clear area.

Jupiter’'s Net Fluxes
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The atmosphere has much less
oxygen than the Sun's
atmosphere, implying a
surprisingly dry atmosphere.
Planetary scientists had expected
oxygen to be enriched relative to
the solar value due to impacts by
comets and other small bodies over
the 4.5 billion years.

Jupiter's Atmospheric Composition
Compared to the Sun
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The probe apparently entered a special location

The Probe entry site is near
the edge of a so-called
infrared "hot spot". These
"hot spots" are believed to
represent regions of
diminished clouds on Jupiter.

Jupiter: 1995 July 27
NASA Infrared Telescope Facility
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Hydrogen-bearing species on gas giants and Titan

Atmospheric composition of Titan
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Hydrogen-bearing species on gas giants and Titan

* The C-H bonds in methane (CH,) are broken by solar UV especially at Ly-a
wavelengths.

* On Titan, the resulting hydrogen can escape to space. As a result, complex
hydrocarbons are irreversibly generated and fall out of the atmosphere to the surface.

* On the gas giants, hydrogen cannot escape and hydrogen is the major constituent.
Consequently, hydrocarbons are eventually transported to the deep, hot atmosphere
where they react with H2 to reform methane. Other hydrogenated species (NH;, PH;)
behave similarly.
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