Story Y – External Cost Drivers Beyond Our Control
Scientists and engineers working on Sun-Solar System Connection science have overcome many of the problems of building, flying, and operating space missions.  But our science is affected by factors beyond the control of the community.  Each is founded on rational decisions made by groups in the larger society which we work within.  Like Reinhold Niebuhr, we need “the serenity to accept the things [we] cannot change, the courage to change the things I can, and the wisdom to know the difference.”
SPACE LAUNCH COST IN THE FREE MARKET.  The single largest cost in most space missions is the launch vehicle.  Unlike other technologies, the cost to orbit a kilogram has been nearly constant over the past decade.  Why is the cost per mass so expensive?  Space launchers are the most difficult challenges in engineering and manufacture because the forces and energies present in a launch vehicle are so high that they prevent graceful failures.  From 1988 to 1999, 4% of launches failed in ways that required their destruction to insure public safety; as an Aeronautics and Space Engineering Board report states “Destruct commands are often superfluous because vehicles explode or break up because of dynamic forces.”   In the early years of spaceflight, NASA solved this problem by building duplicate satellites, so that one might succeed if another failed. Today the response of the users has been to emphasize reliability of a small number of satellites.
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The commercial space market provides about half of the global demand for launch vehicles.  The 2004 FAA/COMSTAC forecast of commercial demand shows that the launch rate is static at ~22 per year from 2000 until 2013.  The principal change has been the demand for very large satellites, with the average mass per satellite growing from 2,400 kg in 1993-94 to 4,100 kg in 2003-04.  The recent development of EELVs by the DoD suggests that their needs are similar to those of the commercial market.  Some of the other Federal space activities, including NASA, also need large spacecraft and launchers.  Taken together, the manufacturers of space launchers have good reason to focus on larger vehicles.  The constant, small numbers of launches prevents economies of scale.  To recoup the high development costs of new launchers, it is desirable to stop the production of older, smaller vehicles.  Opportunity for small, simple, inexpensive, or risky payloads is absent when only large, expensive vehicles are available.  Only large, expensive spacecraft make economic sense.  
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Yet, many NASA science missions can be accomplished with much smaller, less costly spacecraft.  The SMEX, MIDEX, Discovery, ESSP, and New Millenium mission lines are all highly productive and depend on smaller vehicles. 
PUBLIC TRUST AND RISK TOLERANCE.  NASA provides the visible demonstration of the value of American technological society to solving grand problems.  The inspiration provided by a great success such as the Mars Rovers is matched by the [image: image4.jpg]
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are visible and owned by the American public.  
Personal freedom is one foundation of American society.  We accord individuals the right to pursue activities that have significant risk of failure, even injury or death, as a price of that freedom.  These private risks, taken voluntarily, are accepted.  Risk in systems supported or controlled by tax funds is not accepted.  Public safety and fiscal responsibility require detailed investigation to determine causality and future improvement.  Examples include airline or other controlled transportation accidents, military accidents, and NASA accidents.
NASA missions are growing in size, cost, and complexity.  Growing complexity drives a compounding of levels of risk management, including detailed process control, frequent reviews, and larger requirements on project management.  Risk management seeks to minimize avoidable failures which impose delay and unplanned costs on all missions because they share common technologies independent of their science focus.  As with other complex aspects of our society, the cost of risk management is an increasing fraction of the total.
Yet, risk is a critical part of the process of learning to succeed.  NASA fosters future success by offering broad range of projects and missions to permit new generations to learn through trial and error, and help the best progress to larger projects.  The desire to minimize risk must be tempered by a desire to maximize success.  
NATIONAL SECURITY.  Space technology provides unique contributions to national security, in reconnaissance, navigation, and communication (and space weather effects on such systems).  American technological advantages over potential adversaries drives restrictions on civilian space interactions with foreign collaborators.  Recent increases in these restrictions, founded in the International Traffic in Arms Regulations (ITAR) and Export Administration Regulations (EAR), apply even to interactions with friendly nations.  NASA has accorded Principal Investigators (PI) freedom to involve foreign [image: image6.jpg]
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collaborators.  The cost of these positive foreign interactions is increasing to insure the required compliance with ITAR/EAR restrictions.  One result is decreased opportunities for the cost-sharing of space missions.   
Yet, foreign contributions, such as the Huygens lander on the Cassini mission, have improved the quality of many science missions.  Strengthening the technical teamwork between the U.S. and our partners permits activities that could not be achieved separately.
NASA AND EXTERNAL FACTORS.  These problems are opportunities for NASA leadership.  Fiscal responsibility, scientific and technological opportunities are strong arguments for working to maintain a range of launch vehicles, both large and small.  This is a Capability important to NASA.
The public and future scientists are inspired by spaceflight because it challenges us to advance the limits of our abilities.  Engaging the public in the challenges and inherent risks of pioneering spaceflight and exploration is an opportunity for E/PO on these issues in modern systems.  NASA’s work with its communities to develop the most cost-efficient methods for appropriate risk management of complex space projects is a Capability that can improve many areas of our technical society and economy.

Foreign collaborations add value that advances America’s space goals.  Aiding its projects to achieve cost-effective compliance with ITAR rules is a Capability important to NASA.  Continued dialog and negotiation between NASA and the other relevant agencies to develop and clarify more appropriate rules for space research missions will enhance those agencies’ Capability for dealing with other critical technical issues. 






