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In 2050, we authors will be 60-75 years old 
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...having lived the 2020-2050 Mars Exploration program

-------------------------------this part notional ------------------------
Planetary Science Vision 2050 -- Mars 2050 -- Ehlmann et al., abs. #8236 - 3

http://www.hou.usra.edu/meetings/V2050/pdf/8236.pdf


MEP 2020-2050: 
Suggested Implementation Principles

1. The engine driving MEP is and will remain the most fundamental science 
questions that can only be answered on Mars

2. In 2017, we are at a point of natural HEOMD, SMD, and “new space” 
commercial synergy in questions and needed technologies. With 
well-thought out, continued coordination, this can be a tremendous boon to 
Mars science and exploration

3. Robotic sample return should be performed at least once, as rapidly and 
cost-effectively as possible, by leveraging support from international, 
commercial partners, and HEOMD

4. The current juncture in science must recognize Mars is diverse, requiring tens 
of science mission opportunities in 2020-2050, enabled by a return to the 
cost-saving paradigm of multiple small craft
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1. Fundamental Science: Driver of the SMD-MEP

➢ Mars-2020 + follow-on sample return will investigate one location for this 
question, taking a step toward the answer to this question

➢ It is not likely a single mission/sample return can alone answer this 
question -- see the science history of the search for Earth’s earliest life 

Mars-2020 rover

ORBIT: Regional scale

ROVER MAST: 
Outcrop-scale

http://www.beg.utexas.edu
/gccc/miocene/stratigraphi
c_containment.php4u

m

RETURNED 
SAMPLES: 

Micron-scale

ROVER ARM: 
few-cm footprint, 
sub-mm 
resolution

CRISM image NASA/JPL (B. Ehlmann)

(courtesty of PIXL team)
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1. Are we alone? 
Was/is there life on Mars?

1. Fundamental Science: Driver of the SMD-MEP

4u
m

CRISM image NASA/JPL (B. Ehlman)

Ehlmann & 
Edwards, 
2014, Ann. 
Rev. Earth 
& Plan. Sci.

Key Finding of the MEP Last Decade #1
At least a dozen, environmentally distinct potential 
habitats on Mars, varying in space and time

➢ Multiple habitat-types to explore for potential life on Mars 
➢ Mars-2020 is the start of the search for past biosignatures, not the end!
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1. Fundamental Science: Driver of the SMD-MEP
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Northeastern Syrtis  aquifer

Jezero crater lake

Gusev crater sinter/fumarole

➢ Multiple habitat-types to explore for potential life on Mars 
➢ Mars-2020 is the start of the search for past biosignatures, not the end!
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1. Fundamental Science: Driver of the SMD-MEP

➢ Multiple habitat-types to explore for potential life on Mars 
➢ Mars-2020 is the start of the search for past biosignatures, not the end!
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CRISM image NASA/JPL (B. Ehlman)

Habitat Types Discovered In Ancient Mars Rocks
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1. Fundamental Science: Driver of the SMD-MEP

1. Are we alone? 
Was/is there life on Mars?

➢ Mars is far from a “dead planet”: it is a rich, active world
➢ Present-day activity offers clues to past river-forming climates (Wordsworth et al., 2017, GRL)

Key Finding of the MEP Last Decade #2:
Mars is active (methane, geomorphology, ice, water)

NASA/Caltech-JPL/U Arizona

Mumma et 
al., 2009, 
Science

Webster et 
al., 2015, 
Science
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1. Fundamental Science: Driver of the SMD-MEP

1. Are we alone? 
Was/is there life on Mars?

➢ Subsurface liquid water is 
likely today

➢ Surface liquid water is 
thermodynamically permitted 
and may be present today

➢ Higher obliquity and likely 
thicker atmosphere ~600kya 
[Bierson et al., 2016, GRL] would 
favor surface water 30 m

NASA/Caltech-JPL/U Arizona

Key Finding of the MEP Last Decade #3:
Mars “on the edge”: liquid water in modern times 
means Mars is by definition habitable

Add’l evidence of recent water:
❏ Perchlorate salts [Martin-Torres et 

al., 2015, Nature Geosci.]
❏ Salts in loose soils at Gusev 

crater [Arvidson et al., 2010, JGR]
❏ <1 Ma alluvial fans [Schon et al., 

2009, Geology] 

McEwen et al., 2011, Science
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1. Fundamental Science: Driver of the SMD-MEP

1. Are we alone? 
What sustains a habitable planet through time?
Are uninhabited habitats rare or common in the universe?

➢ The chemical and physical processes that generate uninhabited 
habitats are equally important for understanding the prevalence of life 
in the universe

➢ Our Earth-based understanding of planetary habitability is afflicted by 
survivorship bias: had things turned out differently, we would not be 
here. Mars lacks this bias



1. Fundamental Science: Driver of the SMD-MEP

2. How did we get here? (Origins & Workings)
What sustains a habitable planet through time?
1. Is small size fatal?
2. Why do planetary magnetic fields exist and do 

they strongly control atmospheric loss rates?
3. Is accretion composition (initial metal:rock: 

volatile ratio) destiny?
4. What are the effects of stellar evolution on 

planetary climate (e.g., on Earth and Mars, a 
late climate optimum from evolution of a faint 
young stars)

5. What is the role of impacts in setting planetary 
habitability (deleterious or beneficial)?

6. What are the consequences of obliquity, 
eccentricity, and rotation cycles, which may 
result in only cyclical habitable conditions?

Ehlmann et al., 2016, JGR



1. Fundamental Science: Driver of the SMD-MEP

2. How did we get here? (Origins & Workings)
What sustains a habitable planet through time?

➢ Mars is the only body in our solar system that provides the geologic record 
to access the answers to many of these questions by going to study Pre/Early 
Noachian Martian rocks that record magentic field loss, atm. loss, LHB

➢ Recently discussed these questions on Origins & Workings and implications for 
Mars exploration strategy -- JGR-Planets 25th Anniversary edition
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1. Fundamental Science: Driver of the SMD-MEP

2.How did we get here? (Origins & Workings)
What sustains a habitable planet through time?

➢ Understanding the evolution of Earth-like worlds in our solar system 
becomes more crucial as we discover Earth-like worlds around other stars. 
Conceptually, a static “Habitable Zone”-> “Sustainability of Planetary Habitability” 

Potentially Habitable Exoplanets

Ehlmann et al., 2016, JGR



MEP 2020-2050: 
Suggested Implementation Principles

1. The engine driving MEP is and will remain the most fundamental science 
questions that can only be answered on Mars
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In-situ production of purified 
oxygen and fueling of an 

ascent stage.

2. Use SMD-HEOMD-Commercial Synergies 

At this juncture in 2017, there are a large number of science questions and 
technology needs that are shared with the needs of commercial and NASA 
human exploration

 The extent of 
weather variability 
(e.g., dust storms).

The availability of 
resources, 

especially water 
(ice, hydrated 

minerals, 
atmospheric 
harvesting).

Mesoscale winds, which 
affect the ability to land 

safely.

Evidence/ absence 
of extant life in 

surface materials; 
chemical 

assessment of 
dust.

Mars 
communication 
and positioning 

network. 

Successful demonstration 
of a human-scale landing 

and ascent system.

Related to 
Sample 
Return(s)

Orbiters Landers
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The Importance of a Continued SMD Mars Program

➢ Although many HEOMD and science-driven 
measurements overlap, some science questions are 
fundamentally different from those solely in service of 
exploration. 

Example: Rather than solely “what?” and “how much?”, 
scientific questions about a hydrated mineral deposit are 
also “when?”, “how?”, and “why?”.

Example: Measurements for understanding the timing and 
processes behind early planetary evolution fall largely 
within the province of science alone. 

➢ As such, a science-driven robotic and sampling 
program at Mars can and should continue, 
independent of but complementary to HEOMD 
activities, incorporating the enhancements that human 
capabilities can provide as they become available. 

Sol B180, Opportunity, NASA/JPL

credit: NASA
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3. The Role of Sample Return

The demonstration of a successful launch from Mars’ 
surface would lend credence to the technical ability to do 
the same successfully with a more massive crewed 
ascent vehicle.

Return of samples to Earth need not be purely robotic: 
e.g., an in Mars-orbit human-assisted capture of samples 
launched off the surface could simplify containment 
verification and safe sample landing on Earth

The scientific value of sample return(s) is likely to be 
greater with humans on the martian surface. Semi 
real-time human decisions aided by machine learning are 
likely to remain superior to decisions via machine 
learning alone, at least for the next few decades. 

MAV concept
NASA/Caltech-JPL
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4. The Crucial Role of Robotic Exploration
Responding to Discoveries of Mars’ Variability

➢ Consequence: The best exploration responds to these discoveries, 
requiring measurement at multiple locales, varying in space and time. This 
dictates a future mission architecture with many more craft 

➢ The challenge and opportunity is to do this without greatly enhanced costs, 
something that is possible by standardization of the spacecraft “bus” and 
discipline to design instruments to bus design specs

Key Finding of the MEP Last Decade #1
At least a dozen, environmentally distinct potential habitats on Mars, varying in 
space and time

Key Finding of the MEP Last Decade #3:
Mars “on the edge”: liquid water in modern times means Mars is by definition 
habitable

Key Finding of the MEP Last Decade #2
Mars is active (methane, geomorphology, ice, water)
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4. Robotic-Human Coupled Exploration: 
4 Key Robotic Efforts 2022-2050, transitioning in 2040s

Expected Robotic Programs
➢ NeMO: Mars Orbiter for Water/Volatiles (mid-size) (2022)
➢ MAV+sample fetch, with international (e.g. Canada rover 

prototype) HEOMD/commercial collaboration (2026)
➢ MarsNet: A global network of small satellites (2028+)

○ Global telecommunication (with backup)
○ Weather monitoring and climate dynamics 
○ Mostly low-cost, small-sats; commercial contract to 

build en masse, competed small instruments in 
standard slots, replace 25% every 4yrs 

➢ ScoutRovers: multiple MER-class or Scout-class rovers 
(collective flagship) +/- commercial landing (2030-2036)
○ Near-simultaneous build) w/ std. instrument slots
○ Launch 6 in 6 yrs (2 per opportunity)
○ Set #1: Modern Life Detection/Habitability Prior to 

Human Landing
○ Set #2: Volatiles, Habitability and Ancient Life Explorers

➢ Science payloads with human missions (2039-2050)

Coupling with 
commercial and 
HEOMD

Low cost is enabled 
by standardization 
of the “bus” (ala, 
Mariners, Pioneers)

Science is achieved 
by miniaturized 
instruments at many 
locales 
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Mission Operations in 2050

➢ Many of us now help target Mars-observing orbiters, calibrate instrument 
data, and run daily rover operations?

➢ What would this look like in 2050?
○ Expect to have a continuous human presence in the Mars system: 

astronauts and/or a significant network of Mars robotic craft for 
monitoring and robotic exploration

○ Activities:
■ Sequencing and monitoring communications and weather data from 

MarsNet (Mars Orbiter Network)
■ Daily Martian weather report with location-specific and predictions of 

temperatures, clouds, movement of fronts, and dust storms 
■ Operating several rovers that make measurements, collect samples
■ Operation of a polar driller for climate data (perhaps water 

harvesting)
■ Telecons with astronaut geologists: Comm links to Mars, training 

talks on Earth
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Conclusions: Science Drivers & Exploration Needs

➢ Mars-2020 is the start of the search for 
biosignatures on Mars, not the end

➢ Mars is a rich, active world on the edge of 
habitability today, with a rock record going 
back >4 Ga to a time of widespread 
habitability. This time-varying range of 
conditions means that Mars is unique in 
the solar system for the ability to 
interrogate long-term habitability 
change as well as modern refugia for 
extraterrestrial life.

➢ Interrogating this record will require in 
situ investigations of the diversity of 
Mars at multiple locales, varying in 
space and time.

➢ Understanding the evolution of 
Earth-like worlds in our solar system is 
crucial as we discover Earth-like worlds 
around other stars.

➢ An independent, science-driven 
robotic and sampling program at 
Mars can and should continue, 
incorporating the enhancements 
that human capabilities can 
provide as they become available.

➢ We are at a juncture of natural 
synergy between robotic scientific 
exploration and government and 
commercial human exploration

➢ By building multiple copies of the 
same “bus” (orbiter and rover) but 
fitting with different instruments, 
science can advance and critical 
human exploration precursors 
can be achieved
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EXTRAS
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Formalizing the Questions

The 4 Major Mars Science Questions
(derived from the 2014-2023 NAS Decadal Survey)

Methodology (least to most informative)

1 What are the nature, ages, and origin of the diverse 
suite of geologic units and aqueous environments 
evident from existing data; what climatic conditions were 
they formed under; and were any of them inhabited?

High-resolution orbital measurements, in 
situ rovers, robotic sample return, 
human-facilitated measurements/sampling

2 What is the present climate; is liquid water present; how 
does climate change under timescales of orbital 
variation; is there present-day life?

Orbital monitoring, landed weather station 
network, landed measurements, sample 
return

3 What are the inventory and dynamics of carbon 
compounds and trace gases in the atmosphere and 
surface; what processes govern their origin, evolution, 
and fate?

In situ rovers, orbital characterization of 
polar CO2 and H2O reservoirs, sample 
return, human-facilitated measurements

4 What are the internal structure and dynamics and how 
have these evolved over time?

Landed network seismic and heat probe; in 
situ rovers, sample return, 
human-facilitated measurements
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1. Fundamental Science: Driver of the SMD-MEP

2.How did we get here? (Origins & Workings)
What sustains a habitable planet through time?

➢ Mars is the only body in our solar system that provides the geologic record 
to access the answers to many of these questions by going to study Pre/Early 
Noachian Martian rocks that record magentic field loss, atm. loss, LHB
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4. Robotic-Human Coupled Exploration: 
Affording Multiple Robotic Missions

Expected Robotic Programs

➢ MarsNet: A global network of satellites to
○ Ensure telecommunication with all landed assets (with 

backup)
○ Weather monitoring of dynamics at high spatial 

resolution
○ Mostly low-cost, small-sats (after NeMO); commercial 

contract to build en masse, competed small 
instruments in standard slots 

➢ Multiple MER-class or Scout-class rovers
○ Simultaneous (or near-simultaneous build)
○ Launch 6 in 6 yrs (2 per opportunity)
○ Set #1: Life Detection in Special Regions Prior to 

Human Landing
○ Set #2: Mars Geology Explorers

Low cost is 
enabled by 
standardization 
of the “bus”, be 
it orbiter or rover 
(return to 
Vikings, 
Mariners, 
Pioneers)

Science is 
achieved by 
miniaturized 
instruments at 
many locales 
(spatiotemporal 
variation)
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3. The Role of Sample Return

Critically, robotic sample return could facilitate 
uncontaminated return of samples from Mars special 
regions, where the chance for extant life is highest—in 
contrast to other terrains for which collection by a 
human is less likely to interfere with scientific 
measurement. With both commercial and government 
programs oriented toward human exploration, the 
search for indigenous Mars life, prior to introduction of 
Earth organisms at sites of interest, becomes a 
scientifically pressing issue that is critical for evaluating 
the possibility of an independent origin and evolution of 
life on our neighboring planet.

Thus, a single or multiple late 2020s/early 2030s 
sample return, perhaps facilitated by humans, is a 
logical exploration step. Sample return from multiple 
sites is preferable. 

credit: NASA
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