
APPENDIX 1:  Lunar objectives with relevance to preparation for human Mars
exploration.

mENVMON1 Monitor space weather to determine risks to lunar and 
martian inhabitants.

H Will need similar capability for Mars program; establishing the capability for lunar 
will make it easier to develop for Mars application; Part of global space weather 
network

mEHM2 Evaluate and employ dust mitigation techniques to 
protect crews, materials, and instruments during 
extended lunar stays using materials and techniques that 
will be available on a Mars mission (where applicable 
given the different dust characteristics of the Moon and 
Mars).

H Dust environment on Mars more difficult - finer and oxidizing but basic techniques 
are applicable; dust is a potentially high hazard at both the moon and Mars and 
while the types of risks may be different, learning to control this at the moon 
would clearly benefit Mars.

mTRANS2 Demonstrate autonomous lander capability which utiizes 
technologies and operations relevant to autonomous 
landing on Mars.

H Some commonaility in technology and operations which might be directly 
transferable; needed at the moon,  some correspondence with Mars likely

mOPS1 Develop human surface operations capability on the 
Moon which is consistent with the operational 
requirements and restraints of a Mars mission.

H  Can't do nearly as will in other venues;  Earth analogs less demanding, thus 
validation at the moon is useful

mEOR1 Provide opportunities to engage the public through direct 
and indirect participation in solar system exploration 
activities to increase public support of the space 
program.

H Getting the public well involved in understanding how lunar prepares for Mars 
would be a good goal;  public excitement about lunar exploration will help 
generate support for Mars exploration, as well

mEOR2 Extend awareness of space activities to diverse, non-
traditional communities, utilizing non-traditional means, 
to enhance public engagement.

H Getting the public well involved in understanding how lunar prepares for Mars 
would be a good goal;  public excitement about lunar exploration will help 
generate support for Mars exploration, as well

mEOR3 Demonstrate the value of solar system exploration 
activities for Earth to raise public awareness of the 
exploration program.

H Getting the public well involved in understanding how lunar prepares for Mars 
would be a good goal;  public excitement about lunar exploration will help 
generate support for Mars exploration, as well

mEOR4 Provide opportunities to educate students through direct 
and indirect participation in solar system exploration 
activities to engage students in the space program.

H Getting the public well involved in understanding how lunar prepares for Mars 
would be a good goal. Extend to Mars; public excitement about lunar exploration 
will help generate support for Mars exploration, as well, and in this case, more 
importantly will help develop the next generation of explorers, as well.
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mPE1 Reduce bureaucracy associated with national space 
programs.

H True, as we canot afford to implement this in any other way, but this is 
fundamental, independent of any specific goal or destination

mPE2 Define and execute a long-term exploration strategy, that 
includes the objectives of all stakeholders, to organize 
and time-phase future activities.

H Concur that this is an essential step, and recognize that this is the purpose of the 
current more inclusive Exploration Program Planning (including this exercise), and 
that this is the equivalent of getting a community behind the Grand Observatories.

mLSH3 Develop and deploy Closed Life Loop Support Systems to 
increase self sufficiency of future long duration human 
exploration missions.

H Basic goals and techniques will be useful for Mars prep. Could do much of this on 
ISS; while useful, this could be validated at ISS, which is a better analog for the 
worst case free return abort, and would directly benefit ISS, as well

mTRANS1 Utilize the commercial sector to provide transportation 
services on the Moon and to and from the Moon to 
increase access to the Moon and traversing the Moon.

H Transportation elements and technology for lunar missions will contribute and/or 
be usable for Mars

mOPS3 Conduct Mars Analog tests on the lunar surface. H Of necessity, the lunar surface environment provides a useful analog to future 
Human Mars Missions, as Astronauts will be operating, for increasingly longer 
periods of time, in a reduced gravity field, hazardous radiation and dust laden 
environment, that is also remote, extreme and isolated, which provides 
opportunities to validate potential countermeasures that will be needed for future 
Human Mars Missions.

mLSH1 Provide safe and enduring habitation systems to protect 
individuals, equipment, and associated infrastructure.

H Basic goals and techniques will be useful for Mars prep;  this would be useful to 
Mars Exploration, as in many ways this is a more harsh environment for habitats 
than at Mars, and it is a better simulation than test chambers at Earth; however, 
the notion of evolving to greater closure over time at the moon is a costly, and 
higher risk approach,  and this evolution should be accomplished on Earth and 
validated on the moon 

mLSH2 Develop biologically based life support system 
components to support long duration human exploration 
missions.

H Basic goals and techniques will be useful for Mars prep; Bioregenative LSS systems 
are critical  for high loop closure, and while the environment is more challenging at 
the moon, this would be helpful to Mars, although ISS could validate the micro-g 
issue
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mHH1 Study the effects of the lunar environment on human 
health.  Understand the unique contributions of different 
environmental aspects (e.g. dust, fractional g, radiation) 
to improve our capability to understand, predict, and 
mitigate human health effects at Mars.

H  A good reference point. Can be done in conjunction with earth-based partial g 
simulators, i.e., validate models;  this is one of the more compelling reasons to 
validate human countermeasures on the moon, however, the worst case scenaio 
would be a free-return abort from Mars, which could be validated on ISS

mHH2 Understand the affects of fractional gravity on human 
performance and human factors.

H   A good reference point. Can be done in conjunction with earth-based partial g 
simulators, i.e., validate models; although the Maritian gravity is ~ 2.3 times lunar, 
this is one of the few ways we can validate partial-g activities, prior to Mars, 
though this (human performance) is a lower ppriority than mHH1, it has the same 
higher rating, because of the unique environment required to evaluate this

mLRU1 Understand 1) the resource potential of the Moon and 2) 
the relative relevance levels of different lunar resources 
in terms of similarity of ISRU processing techniques at 
Mars.

M Not directly applicable per se. Techniques, trade-offs, engineering implementation 
could be useful; The resources - including environental conditions are very 
different, the processes are different, etc.

mLRU2 Use lunar resources and the corresponding ISRU 
techniques that exhibit the highest degree of technology 
and operations extensibility to Mars ISRU.

M Not directly applicable per se. Techniques, trade-offs, engineering implementation 
could be useful; The resources - including environental conditions are very 
different, the processes are different, etc., although the actual development and 
use of propellantss might inspire confidence for its use at Mars (though different)

mENVCH3 Characterize radiation bombardment of the lunar surface 
to a) better understand the operational environment of 
the Moon, b) validate and improve radiation modeling 
capabilities, c) use  this knowledge to improve our 
understanding of the radiation environment of Mars.

M To prepare for Mars, the radiation environment is best measured in free space over 
a long duration of time.  This is currently underway by operational spacecraft.  The 
experiment that has been proposed for Mars is to have radiation monitoring 
equipment simultaneously operating in martian orbit and on the surface, to assess 
the effects of the atmosphere on dose increases due to secondary radiation 
emissions.  Lack of an atmosphere on the moon eliminates the possibility of a 
similar evaluation there.  

mENVCH4 Characterize micrometeorite bombardment of the lunar 
surface to better understand the operational environment 
of the Moon.

M This is applicable at Mars, especially for long stays in orbit or in-transit.
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mEHM1 Develop radiation shielding materials and techniques for 
lunar surface operations to protect crews, materials, and 
instruments that are consistent with materials and 
techniques that will be available on a Mars mission.

M Operational protocols to mitigate radiation hazards could be tested on the moon 
and will help evaluate the effectiveness of such approaches.  There is no need for 
electronics or materials testing on the moon to evaluate radiation hazards, since 
there already exists a large data base for radiation effects on parts and materials 
based on dozens of spacecraft which operate under such conditions, and the state 
of the art in aerospace engineering has mitigated adverse effects for conditions 
equal to or exceeding the lunar environment.

mPWR1 Develop lunar power generation and storage systems 
required to facilitate increasing surface durations using 
techniques and systems that are applicable to a crewed 
Mars mission.

M Power needs on Mars may require the development of nuclear reactors, especially 
if ISRU is to become viable. Development of large power sources and storage 
devices for the moon are likely to be transferable to Mars applications.

mGINF5 Develop lunar rescues systems with the maximum 
extensability to Mars.

M Similar needs at Mars; experience directly transferable but there will be unique 
Mars requirements; a comparible capability required at Mars but requirements are 
different

mLRU5 Provide safe utilization of ISRU resources through 
demonstrations of systems with the highest degree of 
extensibility to Mars.

M The development of lunar protocols for the safe operation and utilization of ISRU is 
of direct applicability to consideration of ISRU at Mars. It is an essential enabler. 
Initial protocols should be developed and thoroughly tested on earth prior to any 
planetary applcation.

mLRU9 Perform lunar resource excavation, transport, delivery, 
and construction on the lunar surface with techniques 
that provide the highest degree of extensibility to Mars.

M The development of excavation, transport and delivery techniques for large 
amounts of surface material may have applicability to Mars. The transfer of 
experience will be a strong function of the specific ISRU approach. Use of water 
and the atmosphere on Mars would likely present greatly different challenges than 
the mining of bulk regolith on the moon (water in lunar polar regions has more 
direct applicability). 

mLRU10 Develop and demonstrate the tools, technologies, and 
systems to extract and process the resources on the 
Moon that are most relevant to those on Mars.

M The development of extraction and processing techniques may have general 
applicability to Mars. The transfer of experience will be a strong function of the 
specific ISRU approach. Use of water and the atmosphere on Mars would likely 
present greatly different challenges than the mining and processing of bulk 
regolith on the moon (water in lunar polar regions has more direct applicability). 
The greatly differing environmental conditions at Mars will necessitate significantly 
differing engineering solutions to, e.g., storage. It is dubious that commercial 
applications will be applicable to early Mars exploration.
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mGP5 Use the Moon to stimulate next generation 
planetary protec tion policy and develop 
internationally recognized mechanisms to comply 
with policy, e.g.,  to prevent forward 
contamination of Mars and back contamination of 
the Earth/Moon system.

M Present PP policy for Mars is incompatible with human missions (for 
example, the maximum allowable bioload is exceeded by the digestive 
trac t of a single human).  The policy will need to evolve to support 
future c rewed missions.

mOPS2 Demonstrate remote training and planning in 
support of c rewed Mars missions.

L This type of demonstration can be done on earth; this is done routinely 
on Earth as part of mission training

mNAV1 Establish lunar GNC capabilit ies that are scalable 
to support a c rewed Mars mission.

L The techniques would be similar but not tough do at Mars without the 
lunar precursor; while needed at the moon, and potentially useful for 
Mars, the challenges are far more severe, and these would likely be 
mitigated with robotic  Mars precursor missions, not lunar analogs

mENVMON2 Monitor real-t ime environmental variables on the 
lunar surface affec ting safe operations utilizing 
technology and operations applicable to a c rewed 
Mars mission.

L Will need similar capability for Mars program but has to be done at Mars; 
of litt le direc t benefit to Mars

mGEO8-1 Charac terize lunar volatiles. L Has low relevance. Will provide some insight into the exogenous 
contribution to the Mars volatile reservoirs and the nature of pre-biotic  
components.

mHH3 Improve remote medical prac tice infrastruc ture 
and technology for frac tional gravity; test health 
care systems on the Moon for use on Mars.

L The development of improved medical techniques for long duration 
human space flight is needed. Those applicable to the lunar case, 
however, can provide a beginning basis for Mars application but    will 
not be nearly suffic ient. The Mars situation of much longer trip t ime, no 
possible abort to earth for most of the mission and a more likely 
occurrence of emergency medical situations will require more attention 
and investment than for the moon. 

mOSS1 Conduc t surface mission operations on the lunar 
surface to learn how to func tion on long duration 
planetary missions (with t imescales applicable to 
early c rewed Mars expedit ions).

L This has general applicability to Mars but will differ in spec ific s. Many of 
the suggested tasks appear to be applicable to ISS and earth analogs, 
both of which provide a better environment for experimentation prior to 
implementation. The lower gravity of moon and Mars does not appear to 
be a major fac tor.

mCOM1 Implement a reliable lunar telecommunications 
capability that is scalable to a system with 
capability to support a c rewed Mars mission.

L The challenges of communications on Mars appear to be significantly 
greater than on the moon due to the greater distance (thus lag t ime) 
and surface to surface transmission differences. Development of 
improved c rew person-to-person communications and assoc iated 
posit ional tracking techniques could be transferable.
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mSM1 Develop and implement surface mobility systems 
to support both c rew and cargo traverses over 
distances applicable to a c rewed Mars mission.

L The details of mobility on Mars will differ significantly due to a greatly 
differing environment and possibly tasks. The inherent safety issues 
suggest that mobility will always be limited to a safe "walk back" 
distance. This is an area where robotic  assistants could play a major 
role.

mOPS6 Take advantage of the unique lunar envionment to 
c reate rec reation ac tivit ies for lunar c rews and 
visitors.

L The development of rec reational ac tivit ies will indeed be needed for both 
moon and Mars. Much can be learned from earth analogs (submarines, 
antarc tic  stations) and ISS. The possibility of commerc ial /tourist 
applications at Mars is not relevant for the foreseeable future.

mLRU3 Reduce reliance on Earth to c reate a self-
sustaining lunar ecology.

L If  this means test and utilize integrated ISRU and ECLS systems, then L 
for technology and techniques

NEW L Deep drilling is likely to be a desired capability at Mars. Development the 
tehniques for both robotic  and human-tended drilling on the moon will 
have applications for Mars sc ience and ISRU.

mGP1 Establish a global partnership framework to enable 
all interested parties (inc luding non-space faring 
nations and private companies) to partic ipate in 
lunar exploration.

L Working this for the Moon might somewhat reduce barriers to 
cooperation re Mars

mGP2 Establish standards and common interface designs 
to enable interoperability of systems developed by 
a global community.

L Working this for the Moon might somewhat reduce barriers to 
cooperation re Mars

mGP3 Establish the legal framework required to support 
global collaboration / cooperation on lunar 
exploration.

L Working this for the Moon might somewhat reduce barriers to 
cooperation re Mars

mGP4 As necessary, establish appropriate legal 
governance of lunar surface and orbital ac tivit ies 
to enable commerc ial and governmental 
involvement.

L Working this for the Moon might somewhat reduce barriers to 
cooperation re Mars

mOPS7 Evaluate biological and biochemical contamination 
control protocols and astrobiology measurement 
technologies that will be used to search for life on 
the planets.  

L We separate astrobiology from planetary protec tion. The use of the 
moon, a sterile environment, to test the ability to maintain a prist ine 
environment while conduc ting life-detec tion experiments or searches on 
Mars has merit. There is no similar (prac tical) terrestrail environment.
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APPENDIX 2:  Lunar objectives with relevance to understanding Mars

mGP5 Use the Moon to stimulate next generation 
planetary protec tion policy and develop 
internationally recognized mechanisms to comply 
with policy, e.g.,  to prevent forward contamination 
of Mars and back contamination of the Earth/Moon 
system.

M The understandings gained in assessing these PP implications will be 
of relevance to the biological exploration of Mars,perhaps inc luding 
the strategies for MSR.

mGEO5-2 Study meteorite impac tors on the Moon. M Understanding the charac ter of the impac t history of the inner solar 
system from 4.5-3.8Ga is fundamental to reconstruc ting the planetary 
surface environments under which life arouse. Further, the early 
impac t history played a role in the early atmosphere, early tec tonics, 
and the delivery of volatiles. All of these are t ied to the important 
Mars theme of follow the water. Also impac t history may have a role 
in planetary asymmetry. This task is less important than mGEO4-1

mGEO1-4 Understand the origin and struc ture of the Moon. M Modified summary to remove discussion of exogenous (delivered from 
outside the Moon) volatile reservoirs. This is considered in mGEO8-1. 
Understanding the endogenous volatile reservoirs and mantle volatile 
budget on the Moon is relevant to Mars it provide

mGEO1-3 Understand the origin and struc ture of the Moon. M Charac terizing these geophysical parameters in a planetary body 
other than Earth enables a more fundamental understanding, but of 
the importance of these parameters on Mars.

NEW M Deep drilling is likely to be a desired capability at Mars. Development 
the tehniques for both robotic  and human-tended drilling on the moon 
will have applications for Mars sc ience and ISRU.

mGEO2 Charac terize new impac t events similar to those 
that would degrade more quickly on other planets.

L Contribute to our understanding of recent impac t flux in the Earth-
Moon system that could then be compared to Mars. (also misspelling 
of morphology)

mPWR1 Develop lunar power generation and storage 
systems required to fac ilitate inc reasing surface 
durations using techniques and systems that are 
applicable to a c rewed Mars mission.

L

mOPS3 Conduc t Mars Analog tests on the lunar surface. L
mLRU9 Perform lunar resource excavation, transport, 

delivery, and construc tion on the lunar surface with 
techniques that provide the highest degree of 
extensibility to Mars.

L
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mGEO1-1 Determine the internal struc ture and dynamics of 
the Moon using a long-lived and extensive network 
of lunar seismometers.  

H (1) Understanding the internal struc ture and mantle dynamics of a 
second planetary body (the Earth being the first) will provide 
invaluable insights into the dynamical history of the martian mantle 
and core, the history of the martian magnetic  field, and the evolution 
and struc ture of primary planetary c rusts. (2) Deploying and 
maintaining a highly sensit ive seismic  network on the Moon is relevant 
to deploying a network on Mars. 

mGEO1-2 Determine the diversity of c rustal rocks, inc luding 
the nature of the magma ocean, to better 
understand planetary differentiation processes and 
the struc tural and geochemical components of the 
lunar c rust and mantle, inc luding their interac tions.  

H (1) Understanding the internal struc ture and mantle dynamics of a 
second planetary body (the Earth being the first) will provide 
invaluable insights into the dynamical history of the martian mantle 
and core, the history of the martian magnetic  field, and the evolution 
and struc ture of primary planetary c rusts. (2) Deploying and 
maintaining a highly sensit ive seismic  network on the Moon is relevant 
to deploying a network on Mars. 

mGEO4-1 Charac terize the flux of impac ting bodies in the 
Earth-Moon system during early solar system 
history, with emphasis on t ime variations in flux of 
objec ts, the nature and origin of the impac tors and 
their possible role in delivering volatiles, the nature 
o

H Understanding the charac ter of the impac t history of the inner solar 
system from 4.5-3.8Ga is fundamental to reconstruc ting the planetary 
surface environments under which life arouse. Further, the early 
impac t history played a role in the early atmosphere, early tec tonics, 
and the delivery of volatiles. All of these are t ied to the important 
Mars theme of follow the water. Also impac t history may have a role 
in planetary asymmetry.  

mGEO4-2 Charac terize the c rater produc tion func tion (i.e., 
impac tor flux as a fuc tion of size) for the Moon over 
the past 3.5 billion years.   

H Establishing a well defined impac t flux for the Earth-Moon system for 
the last 3.8 Ga is a step in better understanding the impac t flux on 
Mars. Further, minor spikes in impac t flux that have been suggested 
for the Earth -Moon system during that period of t ime may have been 
experienced by Mars? Clearly an influence on evolution of life in the 
Earth-Moon system. An influence on the evolution of potential 
habitats on Mars?  (misspelling of func tion)

mGEO6 Understand the nature and history of solar 
emissions.

H Reconstruc ting the history of the sun has high relevance to potential 
evolution of life on Earth and Mars.

mOPS7 Evaluate biological and biochemical contamination 
control protocols and astrobiology measurement 
technologies that will be used to search for life on 
the planets.  

M The understandings gained in assessing these PP implications will be 
of relevance to the design of experiments searching for life on Mars.
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mLRU3 Reduce reliance on Earth to c reate a self-sustaining 
lunar ecology.

L
mGEO8-2 Charac terize lunar volatiles. L (1) Modified summary statement to remove exploration tool for 

resource search and replace water with volatiles.  The polar deposits 
are H deposits (H or H2O). (2) Exploration for resources on the Moon 
will be different than exploration on Mars. 

mGEO5-1 Study meteorite impac tors on the Moon. L Relevance given in value statement.
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