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Observation methods
Merits and demerits

Lander Orbiter Ground-based 

observation

Spatial coverage Limited Global Global

Time coverage Short in many cases Long & continuous Repeatable

Observable 

variables

- In-situ 

measurements

- Many options

- Optical/radio remote 

sensing

- In-situ plasma 

measurements

- Small instruments

- Optical/radio remote 

sensing

- Instruments can be 

large



Venus Express

JUICE

Recent/future remote sensing (orbiter) missions
JUNOMars Reconnaissance Orbiter

Akatsuki

ExoMars Trace Gas Orbiter
MMX

Interaction between molecules and 
electromagnetic waves

柴田（1999）

UV/VISIR X raymicrowave Andrews (2010)



下方視観測 Nadir sounding

Scattered solar radiation

(UV, visible, near-infrared)

下方視観測 Nadir sounding

Thermal emission

(infrared)

Remote sensing of atmospheres

周縁観測 Limb sounding

Thermal emission 

(infrared, radio wave)

掩蔽観測 Occultation

Using Sun or stars as light source

(UV, visible, near-infrared)

Imaging



d

JMA Himawari HP

Himawari (meteorological 

satellite) imaging channels

Interference filter

© C.R. Nave, HyperPhysics



Himawari visible channel infrared

water vapor

Movement 
with time

Cloud tracked winds on the Earth

Univ. Wisconsin-Madison/CIMSS HP

Cloud tracking



Junocam: Juno’s Outreach Camera
Hansen et al. (2014)



Spectroscopy

Absorption lines
Extinction 
coefficient

line strength

Collisional broadening Doppler broadening

Andrews (2010)

Dominant in the lower atmosphere Dominant in the upper atmosphere

Collisional
Viogt

Dopplerline-shape function



Grating spectrometer

Crawford (2007)
From Wikipedia

Fourier spectrometer

Interferogram →(FFT)→ Spectrum

ADEOS/IMG Optical System

Interferogram



Retrieval of vertical structures from nadir-looking 
infrared spectra

Contribution functions for wavelengths in 
CO2 15 μm band for Mars atmosphere

(Conrath et al. 2000)
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Outgoing radiance:

I： radiance(J/m2/s/str/Hz）
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Andrews (2010)Thermal emission 

spectra of Mars



Temperature retrieval from infrared spectra taken by 

Mars Global Surveyor/TES

気温

東西風

y
T

fp
R

p
ug

¶
¶

=
¶

¶
温度風：

Smith et al. (2001)



Near-infrared windows of Venus

Retrieval of the atmospheric composition of Venus from 

infrared spectra taken by ground-based telescopes

Pollack et al., Icarus 103, 1, 1993



Origin of Venus’ clouds

Scenario #1 (Net reaction driven by catalytic cycles 

including CIOx, HOx, NOx)

2CO2 + hn → 2CO + O2

CO + SO2 + O2 + hn → CO2 + SO3

CO2 + SO2 + hn → CO + SO3

Scenario #2

SO2 + hn → SO + O

SO + hn → S + O

SO2 + O → SO3 （×２）

3 SO2 + hn → S + 2SO3

（ｋｍ）
７０

６０

５０

４０

Photochemistry above clouds

・SO3 rapidly reacts with H2O: SO3 + H2O → H2SO4

・Elemental sulfur (S) can serve as condensation nuclei.

Galileo probe (entry: December 7, 1995)



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. a

• 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.  a

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. 

Orton et al. 1998



Heating of Jupiter’s upper atmosphere above the Great Red Spot 

Donoghue et al. (2016, Nature)

• infrared spectroscopy using SpeX spectrometer on the NASA Infrared 
Telescope Facility (IRTF) 

• rotational-vibrational emission lines from H3+, a major ion in Jupiter’s 
ionosphere 

“This hotspot must be heated from 
below, and this detection is therefore 
strong evidence for coupling between 
Jupiter’s lower and upper atmospheres, 
probably the result of upwardly 
propagating acoustic or gravity waves.” 



• Temperature rise across the 
thermosphere due to solar 
UV heating is predicted to be 
<100 K.

• A much stronger source of 
heat must be present. 

– Precipitating electrons

– Wave heating (gravity 
wave, acoustic wave) 

Waite et al. (1983)Jovian thermospheric temperature

A map of the day-night contrast of the extrasolar planet HD 189733b 
(Knutson et al. 2007)

Observed phase variation for HD 189733b, with 

transit and secondary eclipse visible.

Brightness estimates for 12 longitudinal 

strips on the surface of the planet

A minimum brightness temperature of 973 +/- 33 K and a maximum brightness 

temperature of 1212 +/- 11 K at a wavelength of 8 microns, indicating that energy from 

the irradiated dayside is efficiently redistributed throughout the atmosphere



6 bands : 308.6, 312.5, 317.5, 322.3, 

331.2, 360.0 nm

Total ozone mapping 
spectrometer(TOMS)

troposphere

stratospheric ozone layer

Rayleigh scattering



GOSAT 
Fourier Transform 
Spectrometer

Mumma et al. (2009)

火星メタンの地上分光観測：
軌道運動によるDoppler shiftを利用



Mumma et al. (2009)

Martian water vapor: Mars Express PFS/LW observations of 

thermal infrared emission

Fouchet et al. (2007)



Doppler wind measurements of the Venusian thermosphere from sub-millimeter CO 
absorption line observations

Clancy et al. (2012)

Limb sounding of Earth’s stratosphere：ISS/SMILES

spectroscopy of far-infrared 
emission 



Stellar occultation：Venus Express/SPICAV

Using stars as the light source

Venus Express/SPICAV



Venus Express/SPICAV

Venus’ haze layer above clouds

Wilquet et al. (2009)

SO, SO2 profiles above cloud observed by Venus Express solar 
occultations (Belyaev et al. 2011)

• Enhancement at high altitudes cannot be explained by traditional 
photochemical models. 

SO: black
SO2: blue



Mars Climate Sounder on Mars Reconnaissance Orbiter
McCleese et al. (2007) 

McCleese McCleese

Heavens et al. (2011)

Fast, localized dust storms : key to understand dust lifting and 

anomalous dust distribution

Meridional cross section of dust 
mixing ratio 

Spiga et al. (2013)

“Rocket dust storm”: source of high-
altitude dust ? 

Detached dust 
layers

Previous observations failed to 
detect temporal development of 
localized dust plumes that might 
play crucial roles in distributing 
the background dust



“Limb-viewing” spectroscopy of exoplanets

• Transit spectroscopy

Kreidberg (2018)

Howe & Burrows (2018)

Models 1-3 use a solar-abundance 
atmosphere, while Models 4 and 5 use 
an atmosphere of 1% H2O and 99% N2

hydrogen-rich atmospheres with 
non-solar relative abundances 

Meadows et al. (2018)
ASTROBIOLOGY, Vol 18 



Missions

Venus orbiter AKATSUKI
• Science target : ‘Weather of Venus’

– Mechanism of ‘super-rotation’
– Structure of meridional circulation
– Meso-scale processes 
– Formation of clouds
– Lightning
– Active volcanism, inhomogeneity of surface material

• Science instruments
– 1µm Camera (IR1)
– 2µm Camera (IR2)
– Longwave IR Camera (LIR)
– Ultraviolet Imager (UVI)
– Lightning and Airglow Camera (LAC)
– Ultra-stable oscillator (USO)

• Launch: May 2010   Arrival: Dec 2015



Onboard instruments
Instrument FOV Detector Filters Width Targets

1-µm Camera 
IR1

12° Si-CSD/CCD
1024 x 1024 pix

1.01 µm (night) 0.04 µm Surface, Clouds
0.97 µm (night) 0.04 µm H2O vapor
0.90 µm (night) 0.03 µm Surface, Clouds
0.90 µm (day) 0.01 µm Clouds

2-µm Camera 
IR2

12° PtSi-CSD/CCD
1024 x 1024 pix

1.735 µm (night) 0.04 µm Clouds, Particle size
2.26 µm (night) 0.06 µm
2.32 µm (night) 0.04 µm CO below clouds
2.02 µm (day) 0.04 µm Cloud-top height
1.65 µm (cruise) 0.3 µm Zodiacal light

UltraViolet Imager
UVI

12° Si-CCD
1024 x 1024 pix

283 nm (day) 15 nm SO2 at cloud top
365 nm (day) 15 nm Unknown absorber

Longwave IR Camera
LIR

12.4X
16.4
°

Bolometer
248 x 328 pix

10 µm 
(day/night)

4 µm Cloud-top 
temperature

Lightning & Airglow 
Camera
LAC

16° 8 x 8 APD 
(50kHz sampling 
in lightning 
mode)

777.4 nm (night) 4.2 nm OI lightning
552.5 nm (night) 4.7 nm O2 HerzbergII ariglow
557.7 nm (night) 3.1 nm OI airglow
630.0 nm (night) 3.5 nm OI airglow

Ultra-stable oscillator 
for Radio Science  RS

X-band 
(8.4GHz)

Vertical prifiles of T, 
H2SO4 (g), Ne

大気による吸収が弱い
雲粒による散乱ではエネル
ギー損失が少ない（多重散乱）

‘Near-infrared window of Venus’



Venus seen by Akatsuki

283 nm

10 µm

2.26 μm

2.02 μm

1.01 µm



Atmospheric thermal tides observed by 
Akatsuki

The waves will contribute to the maintenance of the 
fast atmospheric circulation

Cloud temperature deviation cloud-tracked winds

• Mission to Mars/Phobos/Deimos
• Sample return from Phobos
• Three years in Mars orbit
• Target launch year is 2024

MMX: Martian 
Moons Exploration



Water 
Equivalent 
Hydrogen

Precipitation 
predicted by 
GCM

Feldman et al. (2005)

Thick clouds 
on nightside

localized water vapor transport and phase change : keys to 
understand water cycle and reservoir stability

Mars Express/PFS water vapor map

Fouchet et al. (2007)

Cloud belt

Previous observations did not obtain 
snapshots of high-resolution water 
vapor distribution and did not observe 
formation/evaporation of localized 
clouds 

Heavens et al. (2011)

Fast, localized dust storms : key to understand dust lifting and 
anomalous dust distribution

Meridional cross section of dust 
mixing ratio 

Spiga et al. (2013)

“Rocket dust storm”: source of high-
altitude dust ? 

Detached dust 
layers

Localized dust clouds : 
Previous observations 
did not detect temporal 
development



Visible imaging
•Dust
•Cloud

High-altitude orbit of MMX: an ideal platform for 
continuous, high-resolution monitoring

Near-IR Imaging spectroscopy
•Water vapor
•Dust, cloud
•Surface pressure
•CO

3-4 hours of continuous mapping at <1 h 
interval in each dayside crossing

Fouchet et al. (2007)

Limitation of observations from polar, low-altitude orbiters

MOC images taken on 
three successive days
Too sparse in time

Concept of trace gas 
observations by Trace 
Gas Orbiter
Too sparse in space



Phobos orbit
radius = 9378 km
period = 7.65 h

Deimos orbit
radius = 23459 km
period = 30.30 h

Phobos orbit

MarsMars 
dayside

Mars 
nightside

3.8 h

Observations will be done 
for dayside only


