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CO, cycle of the Earth
gl;lscanic (

Chemical i i
co, . _ - g
* Dissolution ~ Weathering

HCO;

Degassing
Abe (2009)

» CO, dissolves in water and buried in the crust.
* The CO, buffer may have stabilized the Earth’s climate.



* Venus may have had an ocean in early stage of its evolution.

 The ocean evaporated and water vapor was lost to space through
‘atmospheric escape’. This explains the enrichment of deuterium
(D) in the Venus atmosphere relative to the Earth’s. Once the ocean
disappeared, CO, and S-containing species will have been released
to the atmosphere.
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may have had a thick CO, atmosphere in early
stage of the revolution and have sustained a warm, humid
environment via its greenhouse effect.

* The loss of CO, to space may have caused cooling of the
climate.
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Detection of exoplanets
* Doppler method

51 Peg b, trend removed ]
100 F=42d ]

HOST STAR

EXOPLANET

Radial Velocity (m/s)
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FPhase

 Transit method
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‘ Light curve

Kepler 6b photometry
* Direct imaging

and Planetary-Mass Companion
scope « WFPC2
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Gliese 581

Mass of star (in solar masses)

- Habitable zone

- Possible extension of the habitable
zone due to various uncertainties.
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International Space Exploration Coordination
Group (ISECG)

* |ISECG members: ASI (Italy), CNES (France), CNSA
(China), CSA (Canada), CSIRO (Australia), DLR
(Germany), ESA (European Space Agency), ISRO
(India), JAXA (Japan), KARI (Republic of Korea),
NASA (United States of America), NSAU (Ukraine),
Roscosmos (Russia), UKSA (United Kingdom)

 The ISECG is an international coordination
mechanism through which individual agencies may
exchange information regarding interests,
objectives, and plans in space exploration with the
goal of strengthening both individual exploration
programs as well as the collective effort.



ISECG Mission Scenario @i Ccnes @ 4 Cesa Ji. w4 N & A 7
2020 2030 I

O Robotic Mission
A Human Mission

Low-Earth Orbit
’ % International Space Station

Commercial or Government-Owned Platforms

Beyond Low-Earth Orbit

- Cargo Mission
Test Missions A X A o
o o ®)
Rosetta Hayabusa2 OSIRIS-REX . SO RAEGHOTE— g A
(Sample Return) (Sample Return) ) .
Near-Earth Objects ; Apophs Explore Near-Earth Asteroid
‘ Extended o Staging Post for Crew
Lunar Vicinity Duration . to Lunar Surface
Cr_ew_ Potential 00mmerc|al Opportunities
L Missions
f 6
o o o 0 0 o o (0[] o [ ] [ ‘ — o — —
LADEE Luna 25 Luna 26 Luna 27 RESOLVE SELENE-2 Luna 28/29 SELENE-3 Human-Assisted ] ‘
Chandrayaan-2 (Sample Return) Sample Return : Humans to Lunar Surface
Y Moon : Potential Commercial Opportunities
4 ‘ ' ‘ ’ Human-Assisted Sémple Return — ]
® e ®e o o- -0 — — -GN Sustainable Human
MAVEN ISROMars  ExoMars InSight ExoMars Mars  JAXA Mars Sample Return Mission G- - - — - Missions to the
Orbiter Mission 2016 2018 2020  Mars Opportunities
\_ Mars Precursor Human Scale EDL Test Mission Opportunities Mars System
. L ﬁ q |
Multi-Destination f - 5 — . - ‘ f
. ‘ ; ; ‘ - Small Human !
Transportation Ay , : 1 Initial Cargo Surface N
Capabilities ' iE 3" : Cargo  Lander Mobility c.. :
(Planned and Conceptual) " | i r \ " BN H T
- Evolvable = LN il
Orion Russian Advanced Deep Space Orion “Crewed Orion
Icon indicates first use opportunity. & Piloted Electric Habitat & SLS Lunar & SLS

Commercial/institutional launchers not shown. ~ SLS System Propulsion (Upgrade) Lander (Upgrade)




JPLHOME EARTH SOLARSYSTEM STARS & GALAXIES SCIENCE & TECHNOLOGY

BRING THE UNIVERSE TO YOU: . ! - a v . B IEI

NASA

» J°  California Institute of Technology

Mars Exploration Program Analysis Group wepac)

Jet Propulsion Laboratory

chartered by NASA HQ to assist in planning the scientific exploration of Mars

Home | About Us | Meetings ‘ Reports & Documents ‘ Announcements l Other ‘

MEPAG - HIGHLIGHT

MESSENGER
5%

MGS
6%

MRO

Cassini
8% 7%

MEPAG UPDATES

| —
N
(%)

May 2017

A white paper about the value of Participating
Scientist (PS) programs within NASA's planetary
missions is posted. The paper, by LPI Director Louise
Prockter & NASA AG representatives, is based on
surveys of the planetary science community &
mission leadership. PS programs were
overwhelmingly supported as they bring increased
intellectual & demographic diversity among mission
science teams. > Linked to LPI page under
Announcements

> PAST HIGHLIGHTS

June 2017 Mars Science Newsletter is online.
Posted: June 16, 2017

Presentations from MEPAG meeting 33 have been posted, along
with a Summary document.
Posted: March 14, 2017

The MIC-SAG Final Report is posted.
Posted: March 13, 2017

Please click here to update your entry in the MEPAG Email
Directory (i.e., if you've changed position/institution/contact info in

Student Opportunities

SAG Reports

L
’n

Science Goals

Mars Community
Announcements

MEPAG
Meetings

1. Ancient, Persistent Liquid Water

2. Complex Surface Geology

3. Modern Water




N(A\%A VEX AG Venus Exploration Analysi§ ;',“'

About Us Reports Meetings Early Career Scholars Venus Resources Venus Nuggets VEXAG Internal Link

The Venus Exploration Analysis Group Tweets by

Unveil Venus: Why is Earth's sister planet so different?

VEXAG was established by NASA in 2005 to identify scientific priorities and opportunities for the exploration of Venus,
Farth's sister planet. The group has an open membership and an 7-person Executive Committee, 3 Focus Groups, and
2 Topical Analysis Groups. Input from the scientific community is actively sought. The VEXAG provides findings to NASA

Headquarters, but does not make recommendations. Stay in touch by visiting our Twitter and Facebook pages!

VEXAG Charter

The Venus Exploration Analysis Group is NASA's community-based forum designed to provide scientific input and
technology development plans for planning and prioritizing the exploration of Venus over the next several decades.
VEXAG is chartered by NASA's Solar System Exploration Division and reports its findings to NASA. Open to all interested
scientists, VEXAG regularly evaluates Venus exploration goals, scientific objectives, investigations, and critical
measurement requirements, including especially recommendations in the NRC Decadal Survey and the Solar System

Exploration Strategic Roadmap.
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http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=39103
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EFEHRYET—2(DSN: Deep Space Network)

- HARETEFERZRFAL, 246ME, FEMO—FF—
R EZREASFEFHLRYLIT—2(DSN: Deep Space Network)
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NASA’s Akatsuki Participating Scientist
Program (PSP)

 The PSP funds two scientists in residence (PSiR) to live
in Japan and five Participating Scientists (PS) to conduct
joint research with the science team.

* NASA PSs:
— Limaye, Sanjay S : University of Wisconsin — Madison
— McGouldrick, Kevin : University of Colorado
— Acton, Charles H : Jet Propulsion Laboratory

— Lorenz, Ralph D : Johns Hopkins University Applied
Physics Lab

— Schubert, Gerald : University of California Los Angeles
— Young, Eliot F. : University of California Los Angeles

— Bullock, Mark A : Southwest Research Institute

— Kandis L. Jessup : Southwest Research Institute
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AKATSUKI Science Data Archives

This welbsite provides the science data obtained by the AKATSUKI (also known as Venus Climate Orbiter and PLANET-C)

mission.
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News

e 2017-07-11

— 3%

o 1st release of L1b and L2b products for UVI, IR1, IR2 and LIR are available. The current status of these products is "pre peer review", so please use at your own risk.

o 1st release of VCO SPICE data set is available.

UVl [Ultraviolet Imager]

UVl is an ultraviolet imager that is able to capture images
with 365-nm wavelength and 283-nm wavelength to map
SO, and unknown absorber, respectively.

View details »

Ll R [Longwave Infrared Camera]

LIR detects thermal emission from the cloud top in a

|R1 [1-um Camera]

IR1 measures the thermal radiaion mostly from the
surface and a little from the atmosphere using four filters,
0.90 pm (dayside), 0.90 pm (nightside), 0.97 pm, and 1.01
pm.

View details »

LAC [Lightning and Airglow Camera]

LAC searches for lightning flashes and maps airglow

| R2 [2-pm Camera]

IR2 utilizes the atmospheric windows at wavelengths of
1.74, 2.26, and 2.32 pym; the first two suffer only CO,
absorption, while the last one contains a CO absorption
band. At these wavelengths the outgoing infrared
radiation originates from the altitudes 35 -- 50 km.

View details »

RS [Radio Science]

RS aims to determine the vertical structure of the



