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Introduction:  The rapid rate of growth of the cost 

of flagship missions in planetary science (~15%/year, 
[1]) has created a crisis for the field. My primary field 
of astrophysics suffers from the same fundamental 
crisis [2]. The crisis can be seen clearly in the NASA 
flagship program. The 2011 US decadal survey for the 
field [3] listed three top priority destinations: Uranus, 
Europa and Mars. NASA could only afford to say 
“choose one”. This automatically makes even this 
short list a generation-long program. Mars was chosen, 
with Europa following a decade later, most likely. 
Outer solar system science will therefore suffer an al-
most career-length gap. Who then will be able to do 
that science if is re-started 20 years from now? The 
New Frontiers program of medium sized (~$1B) mis-
sions is similarly generational: NASA has listed 6 ar-
eas that it designates as priorities for study with this 
program, and may soon add two more. But the agency 
expects to launch this class of missions once every 5 
years, making this list a 30-40-year program [4]. In this 
situation we are not truly exploring the Solar System at 
scale. 

It is the growing cost of missions relative ot the 
conomic growth that underpins the funding (1% - 3% 
p.a. [5]) that has trapped us into a serial approach to 
exploring the Solar System rather than the parallel ap-
proach we really need. 

To escape this problem the costs per mission must 
be brought down substantially. Here I discuss a 
framework for doing so [6]. First we must strengthen 
our programs by choosing deliberately  a set of prudent 
science program design principles. Second, the cost 
discipline provided by profit-making enterprises in 
space, commercial space, is forcing down prices. Sig-
nificant changes in this area are happening well within 
our current planning horizon, let alone a 2050 one.  

Prudent Program Principles: The Decadal review 
process is traditionally tasked with providing priori-
tized lists of large, medium and small missions [3]. 
This approach is sub-optimal as, without guiding prin-
ciples, the strong temptation for any scientist will be to 
use any savings on launch and spacecraft to enhance 
the science payload: “payloads grow to fill the budget 
available”. This is the path of least resistance. To re-
strain the scientists from spending all the gains on 
more payload rather than on another mission will need 
discipline. 

This discipline may be mandated by the space 
agencies, or it may be a self-imposed discipline based 
on a community consensus.  A combination of both 
approaches may be required. Without community buy-
in agency rules may not affect the decadal priorities; 
without agency-imposed rules the community will not 
be challenged to become more creative. 

It is helpful to view the needed discipline in terms 
of well-accepted design principles for individual mis-
sions, and  for engineering in general, extended to an 
entire science program. These principles can then be 
flowed down to particular missions and sets of mis-
sions. 

Triple-A rating: Ambitious, Achievable, Affordable 
Mission design is always a balance between the unlim-
ited demands of scientists with the practical capabili-
ties of the latest technologies. Each mission needs: (1)   
a goal that is ambitious, a major step beyond what has 
already been done; (2) a technical readiness leval 
(TRL) that is high before committing so that it is 
achievable; and (3) the cost must be affordable, so as 
not squeeze out all other comparable missions. The art 
is in achieving all these demands simultaneously. Ap-
plied to a program this means assessing the AAA rat-
ing of all missions equally objectively. 

Opportunity Cost: One big mission is always likely 
to achieve a lot of great science. But that gain needs to 
be weighed against the sum of the science achievable 
by a set of smaller missions at the same total cost. Big 
missions collect a large following and so are heard 
loudly, but the full set of smaller missions may have 
more supporters. A means of  balancing, or “tension-
ing”, the choices is essential. 

No Single Point of Failure (SPOF) that can stop the 
mission functioning can be allowed. A program with a 
built-in single point failure is not robust. If we put all 
our eggs in one basket by going all out for a single 
giant mission, then we expose the science program to 
single point failure risk. Had on-orbit servicing not 
been possible to correct the spherical aberration in its 
optics, Hubble would have been, if not a failure, then 
not the great success it now is. This principle caps the 
maximum fraction of the program budget that any one 
mission can use. 

Science Requirements Flowdown: All missions 
have to demonstrate that their specifications flow down 
from the science the mission is required to carry out. 
Science requirements for the entire program should be 
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similarly formulated. For example, visiting each class 
of world at a good cadence may be one such require-
ment. But the community should decide what the re-
quirements should be. 

Single Viewpoint Failure: A special version of 
SPOF applies to science programs. Science needs de-
bate and multiple sources of information that can 
cross-check initial results. If we only have one experi-
ment every decade-plus then poor conclusions will 
stand for many years, and often the reason they are 
believed will be almost forgotten. Slow-paced debates 
stifle good science. 

Use Commercial Space to Lower Costs: Taking 
advantage of improved, lower cost, technology is an 
obvious design principle. But it has not been relevant 
in space for the past 30 years, as there have been no 
significant changes in the costs of space technology. 
Now, however, rapid, near-term, changes are taking 
place in commercial space activities. These should be 
taken advantage of by planetary science to cut the costs 
of launches, spacecraft and science payloads.  

Launch costs per kilogram to low Earth orbit have 
already dropped to about 1/3 of historical levels [7], 
and may drop to 1/5 with first stage re-use [8]. Using 
this cheaper mass to orbit, could allow a relaxation of 
the stringent mass limits on spacecraft and instruments, 
thereby potentially cutting costs by factors of several 
[9]. Paths to achieve this improvement, given the spe-
cial demands of interplanetary flight, need to be inves-
tigated.  

Commercial crew flights open up the possibility of 
cost-effective TRL-9 testing of large instruments in 
LEO in the Crew Dragon trunk [10]. This capability 
will allow for the use of more cutting-edge instruments 
at higher reliability. 

Interplanetary cubesat-class spacecraft are under-
going rapid development. The first interplanetary test 
flights are expected by 2020 [11]. The cost of these 
spacecraft has to be low to make them cost-effective as 
prospecting missions for their developers, who are 
aspiring asteroid miners. If they are successful they 
could enable a new paradigm of “many but simple” 
planetary missions. 

The effects of these advances combine to allow 
multiple highly capable planetary missions to be built 
in parallel at a variety of scales. 

Conclusion: The fundamental mis-match between 
the cost growth rate of astrophysics and planetary sci-
ence missions and that of the underlying economy re-
mains large. Eventually we will hit this funding wall. 
Best to bite the bullet and adoprt prudent program 
principles while taking advantage of the new develop-

ments in commercial space while they are fresh. Em-
bracing them could have a huge pay off. Certainly it 
would not be wise to ignore them. 
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