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Our Analysis: We propose thatOur Analysis: We propose that

NASA and international space agencies adopt a human  NASA and international space agencies adopt a human  
mission to Mars as a clear and articulated goal of the mission to Mars as a clear and articulated goal of the 
international space programinternational space program..
–– MissionMission--focused, driven by sciencefocused, driven by science

Accompanying Document:  http://www.umich.edu/~tmarzull

OVERVIEWOVERVIEW
I. Why Go?I. Why Go?
II. Enabling Factors II. Enabling Factors 
III. ConclusionsIII. Conclusions
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WHY GO NOW?WHY GO NOW?

EExploration xploration 

EEducationducation

EEconomicsconomics



44

Why Mars?Why Mars?

A feasible destinationA feasible destination

Mars as an Analogous System Mars as an Analogous System 
to Earth to Earth 
–– Past history and evolutionPast history and evolution

–– Climate modeling Climate modeling 

AstrobiologicalAstrobiological questions… questions… 
–– How did we get here? How did we get here? 

–– Are we alone? Are we alone? 
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Fascinating . . . Fascinating . . . 
Ares
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Past Robotic Exploration Past Robotic Exploration 
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Why Humans?  Why Humans?  
Ability to modify plans and Ability to modify plans and 
adapt to new conditionsadapt to new conditions

High Volume, Accurate High Volume, Accurate 
Context Scientific ReturnContext Scientific Return

or



88

How does sending a few people to Mars 
help the billions of people on Earth?

Education:Education:
Inspiring the Inspiring the 
Next GenerationNext Generation

EconomicsEconomics
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Why is “Inspiration” Important?Why is “Inspiration” Important?

Science and Engineering EducationScience and Engineering Education
Industrialized countries rely on highly technical Industrialized countries rely on highly technical 
workforce to maintain its technological and economic workforce to maintain its technological and economic 
position. position. 
–– CASE STUDY: UNITED STATESCASE STUDY: UNITED STATES
–– In the next 10 years, an estimated 15% increase in In the next 10 years, an estimated 15% increase in 

demand for physical scientists and a 20% increase in demand for physical scientists and a 20% increase in 
demand for engineers in the United States demand for engineers in the United States 

National Science Foundation 
(US)—Science and Engineering 
Indicators, 2000
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Failing to meet the needFailing to meet the need
Undergraduate Engineering Enrollement
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What About What About 
the Rest of the Rest of 
the World?the World?
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Why Not Just Why Not Just 
Put the Money Put the Money 
Directly into Directly into 
Education?Education?

That’s good for creating a That’s good for creating a 
generally wellgenerally well--educated educated 
population, but not for Ph.D.s population, but not for Ph.D.s 
in technical fieldsin technical fields

United States is a top spender United States is a top spender 
in education yet suffers from a in education yet suffers from a 
decline in technical graduate decline in technical graduate 
studies.studies.

Expenditures per Secondary Level Student

0

2000

4000

6000

8000

10000

A
ustralia

A
ustria

B
elgium

France

G
erm

any

K
orea

Spain

G
reat

B
ritian

U
SA

D
ol

la
rs

Expenditures per Higher Education Student

0
2000
4000
6000
8000

10000
12000
14000
16000
18000
20000

A
ustralia

A
ustria

France

G
erm

any

Japan

K
orea

Spain

U
SA

D
ol

la
rs

National Science Foundation (US)—Science and 
Engineering Indicators, 2000
Hart-Rudman Commission Report (2000)



1313

Can a Human Mission to Mars Can a Human Mission to Mars 
Change this Trend?Change this Trend?

Correlation Between NASA Budget and Number of PhDs in Technical Fields

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

1958 1963 1968 1973 1978

Year

N
um

be
r o

f P
hD

S 
Ea

rn
ed

 

0

5000

10000

15000

20000

25000

M
ill

io
ns

 o
f D

ol
la

rs

*Office of Management and Budget, "Space Activites of the US Government", http://history.nasa.gov/presrep00/pdf_files/appndx_e1b.pdf, 2000

NASA Budget Scaled to 1999 dollars 

Engineering PhDs

Mathematical 
Science PhDs

Physical Sciences PhDs

Kennedy Initiates
Apollo Program

May 1961

Apollo 17 
Last Man on the Moon 

December 1972



1414

Economics Economics 

Economy is a measure of investment in research and Economy is a measure of investment in research and 
development in science and engineering. development in science and engineering. 
High tech industries enable high wage nations to High tech industries enable high wage nations to 
compete alongside low wage countries. compete alongside low wage countries. 
Space exploration drives advancements in science and Space exploration drives advancements in science and 
technology that allow for development and creation of technology that allow for development and creation of 
high tech industries. high tech industries. 
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Technological SpinTechnological Spin--offsoffs

Areas of development:Areas of development:
–– Health care and MedicineHealth care and Medicine
–– Environmental and Ecological Environmental and Ecological 
–– EnergyEnergy
–– Automation and RoboticsAutomation and Robotics
–– Transportation and PropulsionTransportation and Propulsion
–– Communications and NavigationCommunications and Navigation
–– Construction and Manufacturing

Spin-off 
magazine 

Construction and Manufacturing
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Mars Technology Advances

Areas of development:Areas of development:

-- Health care and MedicineHealth care and Medicine
-- Environmental and Ecological Environmental and Ecological 
-- EnergyEnergy
-- Automation and RoboticsAutomation and Robotics
-- Transportation and PropulsionTransportation and Propulsion
-- Communications and NavigationCommunications and Navigation
-- Construction and ManufacturingConstruction and Manufacturing
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Space improving life on EarthSpace improving life on Earth
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Feasible: Can we do it ?Feasible: Can we do it ?

Economic FeasibilityEconomic Feasibility
–– Can we afford it ?Can we afford it ?

Technical FeasibilityTechnical Feasibility
–– Human FactorsHuman Factors

Radiation Radiation 
MicrogravityMicrogravity

–– Propulsion

Fact

vs. 

Fiction

Propulsion
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Economic Feasibility Economic Feasibility 
Cost depends on specific mission architecture:Cost depends on specific mission architecture:

lowlow--endend highhigh--endend

$30  billion < Human Mars Mission < $300 billion$30  billion < Human Mars Mission < $300 billion

NASA’s FY2003 Budget is $15 billion, $450 million of NASA’s FY2003 Budget is $15 billion, $450 million of 
which is for Mars Explorationwhich is for Mars Exploration

CComparisonsomparisons
–– Assuming the low number and a 10 year spreadAssuming the low number and a 10 year spread

20% of the NASA budget each year20% of the NASA budget each year

–– Assuming a 30 year spread, the higher number is Assuming a 30 year spread, the higher number is 
Equal to the annual cigarette advertising expendituresEqual to the annual cigarette advertising expenditures
2% of the 2% of the DoDDoD budgetbudget
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Human FactorsHuman Factors

Effects MuscularEffects Muscular--skeletal skeletal 
weakening, cardiovascular weakening, cardiovascular 
health and blood chemistry health and blood chemistry 
Solutions:Solutions:
–– Further study on ISS Further study on ISS 
–– CountermeasuresCountermeasures

Artificial gravity Artificial gravity 
Exercise and Exercise and 
conditioningconditioning
PharmaceuticalsPharmaceuticals
“Penguin Suits”“Penguin Suits”

MARIE results suggest that MARIE results suggest that 
radiation is “not a showradiation is “not a show--
stopper”stopper”——exposure over a exposure over a 
Mars mission timeframe would Mars mission timeframe would 
not exceed career does limits not exceed career does limits 
((ZeitlinZeitlin, 2003 ), 2003 )
Solutions:Solutions:
–– ShieldingShielding

RadiationRadiationMicrogravityMicrogravity



2121

International CooperationInternational Cooperation

Greatest endeavor in Greatest endeavor in 
history of mankind history of mankind --
naturally space goes naturally space goes 
beyond bordersbeyond borders
Challenges require the Challenges require the 
expertise and specialties expertise and specialties 
of different nations.  of different nations.  
Sharing of costs and riskSharing of costs and risk
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CONCLUSIONS CONCLUSIONS 

Benefits of a human Mars missionBenefits of a human Mars mission
–– EExploration xploration -- solar system, water, life? solar system, water, life? 
–– EEducation ducation -- young people into scienceyoung people into science
–– EEconomics conomics -- reinforce high technologyreinforce high technology

Acts as an “Umbrella Program”Acts as an “Umbrella Program”
–– Channels funds to important research projectsChannels funds to important research projects
–– Sheer bang for your buck because it involves many Sheer bang for your buck because it involves many 

programs at a fraction of the national budgetprograms at a fraction of the national budget

Accompanying document available for download at:

http://www.umich.edu/~tmarzull

http://www.umich.edu/~tmarzull
http://www.umich.edu/~tmarzull
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EXTRASEXTRAS

““We chose to go to the Moon in this decade and do other We chose to go to the Moon in this decade and do other 
things not because they are easy but because they are things not because they are easy but because they are 
hard.” (JFK)hard.” (JFK)

Tremendous amount of research completed and still more Tremendous amount of research completed and still more 
ongoingongoing
Many reports during SEI days could not even consider some Many reports during SEI days could not even consider some 
of the advanced technologies we have today: computing of the advanced technologies we have today: computing 
power, internet, power, internet, inflatablesinflatables, ISRU, ISRU
NRC, 1967NRC, 1967——If we fail to include man in our plans for If we fail to include man in our plans for 
exploration, we inevitably exclude him because we have not exploration, we inevitably exclude him because we have not 
undertaken the necessary planningundertaken the necessary planning
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Decline is even offset by interest in 
Biomedical Engineering

Percent Change in Number of Graduate Engineering Degrees
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U.S. Global Output Share of Aerospace Industry

45

50

55

60

65

70

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Year

Pe
rc

en
t S

ha
re

 

2001 Science & Engineering Indicators, National Science Foundation

While US share of the world aerospace market has 
dropped 15% since the 1980s, the Chinese have 

increased their world aircraft shipments by nearly 80%.
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PropulsionPropulsion
The faster we go the less exposure to The faster we go the less exposure to 
microgravity and radiationmicrogravity and radiation
Trade off between stored power and massTrade off between stored power and mass

Specific Impulses For Different Types of Propulsion
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