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MARS SCIENCE
Setting the Scene for Human Exploration

The pace of scientific discoveries about Mars with implications for future exploration and human-based 
activities has continued unabated during the past year (2017-2018). Ongoing observations by the fleet of Mars 
orbiters (Figure 1) have furthered the case for a “dynamic Mars”, including exciting new discoveries about the 

distribution of shallow but thick reservoirs of ground ice. On the surface, the analysis from both the Curiosity rover 
and the Opportunity rover point to a Mars with a history of water and possible preservation of the signatures of life. 
Exploration awaits us on the Red Planet as we plan the Mars Sample Return (MSR) mission in the 2020s and human 
exploration in the 2030s. 

IMAGE CREDIT: NASA

Figure 1: Current robotic Mars program “trajectory” in place by NASA and international space agencies that feeds into the era of 
forthcoming human exploration (H2M). 
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ARCHITECTURES and SYSTEMS

Depending on the assumptions made for each of these design drivers, a variety of potential optimized architecture 
solutions can ensue, which we discuss in the next subsection.

Architectural elements in the trade space include: 

1. The transportation architecture, and transportation habitat functionality: Can there be a common design for 
both in space and on surface?  

2. Entry, descent, and landing (EDL) commonality: Common cargo and human landers?
3. The Mars rendezvous orbit.
4. The Earth aggregation orbit.

In addition, parameters such as launch vehicle cadence can a�ect the resiliency of the architecture. Choices by the 
mission planners, such as returning multiple times to a single surface site or visiting multiple dispersed sites, also 
have significant e�ects, as do decisions about surface mobility.

As evident from the above discussion, the selection of a Mars architecture for human exploration is a complex, 
and interconnected, series of design choices. NASA continues to evaluate these choices and update its planning, 
even as SLS and Orion are brought online. This will provide a basis-of-comparison design against which evolving 
technologies, constraints, and mission options can be traded and compared. Additional robotic precursor missions 
to Mars will also help to inform these decisions in the early to mid-2020s.

Over the past few years NASA and multiple other organizations have produced a large number of plausible 
scenarios for human exploration of Mars in the 2030s as described in the previous sections. In general, 
however, these scenarios have been developed independently of one another. The fifth Achieving Mars 

workshop (AM V https://exploremars.org/a�ording-mars) held in December 2017, in contrast, brought much of the 
exploration community together to develop three distinctly di�erent human Mars exploration architectures. Subject 
matter experts identified areas of commonality, as well as areas where opinions di�er, and important decisions need 
to be made among the three.

Three di�erent “end states” for human exploration of Mars were adopted at AM V and an architecture was developed 
that sought to achieve each of those end states under common ground rules and constraints. The three end states 
were:

1. Initial exploration analogous to the Apollo Program or the Lewis and Clark “Corps of Discovery”.
2. Semi-permanent base or “field camp” on the Martian surface, analogous to early Antarctic exploration.
3. Building toward sustained, permanent habitation analogous to current Antarctic exploration.

IV. A�ording, Achieving, and Sustaining Mars Exploration                                                                  
Community Architectures

Figure 6: The three architecture “end states” considered by the AM V workshop along a continuum of options for human Mars exploration. 
The “end states” are depicted here as feeding forward into more ambitious exploration options.
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Human System Risk for a Mission to Mars
HUMAN HEALTH & PERFORMANCE

Introduction
The first human mission to Mars is one that will be both exciting and risky, with many unknowns. The “human system” will 
undoubtedly make up a significant portion of the overall mission risk which, if unnecessarily high, will put the success 
of a Mars mission in jeopardy. There is a strong need to mitigate and reduce this overall mission risk to acceptable 
levels in order to achieve mission objectives and protect the health and safety of astronauts before, during, and after 
a mission. This has been an area of focus for NASA and its international partners for many years now. At NASA, the 
Human Research Program (HRP) is tasked with supporting applied research that specifically addresses the risks of the 
human system, as identified in the Human Research Roadmap (HRR). To accomplish this goal, HRP is composed of a 
number of Elements, whose ongoing work is mapped to each of these individual risks, any number of which could put 
an exploration spaceflight crew in danger and threaten the success of their mission.

Human Health Countermeasures Element (HHC)
The Human Health Countermeasures (HHC) Element focuses on developing a scientifically-based, integrated approach 
to understanding and mitigating the physiological health risks associated with human spaceflight. HHC is responsible 
for conducting research within 15 defined risks and gaps of knowledge, such as: development of advanced food 
technology; understanding of optimal nutritional status (including the prevention of oxidative stress and damage); 
sensorimotor dysfunction; Spaceflight Associated Neuro-Ocular Syndrome (SANS), which causes vision disturbances 
in some astronauts; bone loss; degradation of muscle strength; immune dysfunction; etc.

Recent Progress: While all of the risks and concerns under HHC’s purview are of importance, there are two risks that 
are of particular concern, due to a greater likelihood of occurrence and/or higher potential for negative consequences. 
These are the advanced food technology risk and the SANS risk. Over the past year, the research plans of these two 
risks have been accelerated in an attempt to identify and validate countermeasures before the end of International 
Space Station (ISS) operations in 2024. For 
both risks, multiple studies are occurring 
concurrently, using a variety of platforms and 
study designs, including studies using flight-
like analogs or studies on the ISS. New and 
exciting data have recently been collected 
regarding the SANS risk in studies aboard 
the ISS, as well as in studies using parabolic 
flights, a head-down tilt bedrest human model, 
and a hind-limb unloaded rat model.  These 
data indicate that the mechanisms for the fluid 
shift induced changes in vision may be more 
complex than previously anticipated. 

The advanced food technology portfolio of 
studies underway examine nutrient degradation 
in foods stored under di�erent environmental 
conditions.  Food for a Mars mission may have 
to be prepositioned on the Martian surface 
prior to the crew’s arrival, and therefore may 
be several years old by the time the astronauts 
actually consume it. HHC is examining whether 
nutrient enrichment, various packaging types, 
and/or di�erent food matrices, may be used as countermeasures that would prolong the food’s nutritional content. 
They are also studying human acceptability factors such as taste, color, and texture.

Currently, HHC is evaluating the potential for fresh food to be grown and consumed during a mission (see Figure 1).  This 
would be a significant change from the current process of launching prepared food. HHC is studying what required 

Figure 1. NASA Image: ISS051E051923 - NASA astronaut Peggy Whitson harvested 
another crop of Tokyo Bekana cabbage on the International Space Station.
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Space Radiation Element (SR)
The goal of the Space Radiation Element is to ensure that 
crewmembers can live and work safely in space with 
acceptable health risks from radiation, with a focus on the 
characterization and mitigation of these risks along with 
understanding how they interact with other biological 
stressors found in the space environment. Outside of the 
Earth’s protective magnetosphere, interplanetary crews will 
be at higher risk for radiation exposure from both intermittent 
solar particle events as well as from higher levels of chronic 
high-energy protons and galactic cosmic rays (GCR). This 
galactic cosmic radiation consists of high mass and energy 
(HZE) ions, secondary protons, neutrons, and fragments 
produced as a result of interacting with spacecraft shielding 
and human tissues. These heavy ions di�er from terrestrial 
forms of radiation, such as x-rays or gamma-rays, and impart 
unique biological damage as they traverse through tissue and 
cells (see Figure 3). Understanding the quantitative as well as 
qualitative di�erences in biological responses produced by 
galactic cosmic radiation compared to Earth-based radiation 
is a major focus of space radiation research and is required 
for accurate risk assessment and development of e�ective 
mitigation strategies for long-duration space missions. 

The major space radiation health issues of concern that may occur during exploration missions are central nervous system 
e�ects that could result in cognitive or behavioral impairments and degenerative tissue e�ects including cardiovascular disease, 
accelerated aging, and chronic immune dysfunction. The risk of acute radiation syndromes in the event of an unshielded 
exposure to a large solar particle event during flight is also of concern to space radiation experts.  Lastly, epithelial carcinogenesis 
(particularly cancers of the lung, breast, stomach, colon, and bladder) and leukemia are long term health concerns that result 
from radiation exposure.
  
Recent Progress: Given the technical challenges of studying radiation in the true space environment, ground-based research 
is performed at the NASA Space Radiation Laboratory (NSRL), which is located at the Brookhaven National Laboratory and 

is where NASA has a beamline dedicated to the study of the 
radiobiology of heavy ions (see Figure 4). One major e�ort that 
is ongoing this year is the Galactic Cosmic Ray Simulator Project, 
which is focused on the development of the facility, hardware, 
and software tools needed for delivery of a GCR primary and 
secondary environment with a mixed field, high-energy capability 
that accurately simulates the radiation environment astronauts 
will experience during interplanetary travel to Mars.  This 
research capability is essential to address high priority research 
areas required for risk modeling and medical countermeasure 
testing and validation, for both deep space and Mars. 
 
Exploration Medical Capability Element 
(ExMC)
The Exploration Medical Capability (ExMC) Element is tasked 
with decreasing medical risks in human spaceflight. To 
accomplish this goal, ExMC charters research projects, funds 
goal-directed technology development, and interfaces with 

intra- and extra-agency resources. Within the Element, engineering and medical specialists work to reduce the risk of 
adverse health outcomes and decrements in performance due to inflight medical conditions that could occur in future 
deep space missions. Essential to completing this task is the advancement in techniques that identify, prevent, and treat 
many health threats that may occur during space missions. ExMC is establishing evidenced-based methods of monitoring 
and maintaining astronaut health and developing capabilities to provide long-term preventive and crew-autonomous 
healthcare during spaceflight. 

Figure 3 :Galactic cosmic rays are qualitatively di�erent from x-rays or 
gamma-rays 
Image credits: Cucinotta and Saganti, National Geographic, 2001 
(left); Hu� and Patel, unpublished (right). 

Figure 4: Beamline at NASA Space Radiation Laboratory
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THE PERCEPTION ELEMENT
How Public Interest Impacts & Drives Mars Exploration

Mars exploration themes continue to resonate in television, movies, games, virtual reality experiences, 
consumer products, and even the alcoholic beverages industry.  

While some uncertainty about committing to Mars has arisen as the Administration and Congress make adjustments 
to U.S. space policy, public interest nevertheless remains strong. Over the remaining months of 2018, many details 
of the Administration’s plans should come into focus, which may impact overall public perception, but Mars (and 
space in general) continues to excite the public.

I. Films and Television 

The entertainment industry continues to see value in producing Mars related projects. Mars references also 
continue to be commonplace in popular television shows and elsewhere. 

There are well over a dozen Mars-related television and film projects in production that clearly evidence the 
continued enthusiasm for Mars exploration in the general public. Some of these projects include:

• Seat 25:  This independent film tells the story of Faye Banks, a woman who secretly enters a competition for 
a seat on a one-way trip to Mars. When she discovers that she has won, Faye’s life is turned upside down, 
forcing her to decide whether to leave her husband, family, friends, and everything else she knows for the 
kind of purpose and fulfilling life of which she has always dreamed.

• National Geographic Mars: Season 2:  National Geographic will be releasing Season 2 of their television 
drama, Mars, in the Fall of 2018.  This series is a hybrid between documentary and drama. The drama depicts 
the struggles and successes of the first explorers and settlers on Mars. During the documentary portion of 
the series, some of the top personalities in space exploration discuss the real-life prospects of Mars missions.

• The First: With Beau Willimon (writer, House of Cards) as its Executive Producer and starring award-winning 
actor Sean Penn, The First is a television series that explores the challenges of taking the first steps toward 
interplanetary colonization in the near future.

• Life on Mars: John Krasinsky (creator of A Quiet Place) and his production company Sunday Night Productions 
will be producing a film version of a short story by Cecil Castellucci called We Have Always Lived On Mars 
that tells the story of a woman, who is a descendent of colonist who were abandoned by Earth years earlier, 
who finds one day that she can breathe the Martian atmosphere.










