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The	
  biggest	
  missions	
  and	
  facili2es.	
  The	
  difficulty,	
  complexity,	
  and	
  cost	
  of	
  “flagship”	
  (or	
  
“strategic,”	
  or	
  “high-­‐profile”)	
  missions	
  and	
  facili@es	
  have	
  grown,	
  crea@ng	
  substan@al	
  
challenges	
  for	
  decadal	
  surveys.	
  

How	
  can	
  robust	
  evalua@ons	
  of	
  the	
  costs	
  of	
  such	
  missions	
  be	
  made,	
  and	
  cost	
  growth	
  be	
  
contained,	
  to	
  protect	
  other	
  missions	
  and	
  ac@vi@es?	
  

How	
  can	
  mul@-­‐decade	
  programs	
  be	
  managed	
  successfully?	
  	
  

How	
  might	
  we	
  protect	
  important	
  human	
  resources,	
  for	
  example,	
  the	
  educa@on	
  and	
  research	
  
support	
  of	
  the	
  next	
  genera@on	
  of	
  scien@sts,	
  especially	
  those	
  with	
  skills	
  in	
  technology	
  
development?	
  

from	
  the	
  Report	
  Summary	
  −	
  “Challenges	
  for	
  Future	
  Surveys”	
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Strategic	
  missions	
  played	
  a	
  prominent	
  role	
  in	
  the	
  commi\ee’s	
  report.	
  



Within	
  each	
  division	
  of	
  NASA	
  SMD,	
  there	
  are	
  facili@es	
  and	
  missions	
  with	
  the	
  poten@al	
  to	
  
have	
  large-­‐scale	
  impacts	
  on	
  the	
  program	
  due	
  to	
  their	
  strategic	
  importance,	
  scope,	
  and/or	
  
size.	
  These	
  so-­‐called	
  high-­‐profile	
  missions	
  address	
  cri@cal	
  science	
  goals	
  or	
  ques@ons	
  for	
  the	
  
decade.	
  

High-­‐profile	
  missions	
  are	
  uniquely	
  characterized	
  by	
  an	
  implementa@on	
  strategy	
  that	
  is	
  
performance-­‐driven	
  rather	
  than	
  cost-­‐constrained.	
  	
  	
  Performance-­‐driven	
  missions	
  are	
  
driven	
  by	
  specific	
  measurement	
  or	
  other	
  requirements	
  rather	
  than	
  cost	
  constraints.	
  This	
  is	
  
contrasted	
  with	
  (typically)	
  PI-­‐led	
  cost-­‐capped	
  missions	
  where	
  descopes	
  are	
  required	
  if	
  a	
  
performance	
  requirement	
  cannot	
  be	
  met	
  within	
  pre-­‐established	
  cost	
  constraints.	
  	
  

Because	
  a	
  substan@al	
  part	
  of	
  the	
  science	
  accomplished	
  in	
  a	
  decade	
  comes	
  from	
  smaller	
  
missions,	
  it	
  is	
  important	
  for	
  surveys	
  to	
  strike	
  a	
  balance	
  between	
  larger,	
  non-­‐competed,	
  
high-­‐profile	
  missions	
  and	
  the	
  competed	
  line	
  of	
  smaller	
  missions.	
  

High-­‐Profile	
  (Strategic,	
  Flagship)	
  Missions	
  –	
  the	
  good	
  	
  

3	
  



Science @ NASA executes:  
!  95 missions 

!  121 spacecraft 

!  12 Balloon launches (FY 2015) 

!  20 Sounding rockets (FY 2015) 

!  4,200 Airborne hours (FY 2015) 
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What	
  would	
  astronomy	
  be	
  
like	
  today	
  without	
  the	
  four	
  
“Great	
  Observatories”?	
  

What	
  would	
  planetary	
  
astronomy	
  be	
  like	
  without	
  	
  
Voyager,	
  Cassini,	
  MERS,	
  MSL?	
  

Are	
  strategic	
  missions	
  imporant,	
  cri:cal	
  for	
  
advancing	
  the	
  science?	
  The	
  answer	
  is	
  a	
  
defnii:ve	
  yes,	
  based	
  on	
  their	
  contribu:ons.	
  

HELIO	
  

EARTH	
  SCIENCE	
   ASTRO	
  

PLANETARY	
  



Were	
  would	
  fundamental	
  physics	
  be	
  
without	
  Fermilab,	
  LHC,	
  and	
  LIGO?	
  

5	
  



High-­‐profile	
  missions,	
  as	
  the	
  term	
  is	
  used	
  here,	
  refer	
  to	
  missions	
  of	
  significant	
  importance	
  to	
  a	
  
program	
  that	
  are	
  able	
  to	
  have	
  substan@al	
  nega2ve	
  impact	
  on	
  program	
  health	
  if	
  not	
  
implemented	
  successfully	
  or	
  within	
  fiscal	
  constraints.	
  

Within	
  each	
  division	
  of	
  NASA	
  SMD,	
  there	
  are	
  facili@es	
  and	
  missions	
  with	
  the	
  poten@al	
  to	
  have	
  
large-­‐scale	
  impacts	
  on	
  the	
  program	
  due	
  to	
  their	
  strategic	
  importance,	
  scope,	
  and/or	
  size…	
  	
  
High-­‐profile	
  missions	
  con@nue	
  to	
  be	
  cri@cal	
  parts	
  of	
  the	
  program	
  because	
  certain	
  missions	
  
cannot	
  simply	
  be	
  broken	
  down	
  in	
  an	
  efficient	
  or	
  effec@ve	
  manner	
  into	
  smaller	
  components	
  and	
  
s@ll	
  accomplish	
  the	
  science	
  goal.	
  	
  

Because	
  of	
  their	
  importance	
  to	
  the	
  community’s	
  science	
  ambi@ons,	
  high-­‐profile	
  missions	
  have	
  
the	
  poten@al	
  for	
  a	
  significant	
  (nega@ve)	
  impact	
  on	
  performance	
  across	
  all	
  ac@vi@es	
  within	
  a	
  
division,	
  and	
  possibly	
  across	
  NASA	
  SMD,	
  for	
  the	
  coming	
  decade	
  if	
  there	
  is	
  a	
  mission	
  failure	
  or	
  
significant	
  unan2cipated	
  cost	
  growth.	
  	
  

High-­‐Profile	
  Missions	
  −	
  the	
  challenges	
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Hish-­‐profile	
  missions	
  usually	
  probe	
  the	
  limits	
  of	
  our	
  scien:fic	
  knowledge	
  and	
  
technical	
  capabili:es,	
  with	
  a\endant	
  difficul:es	
  in	
  the	
  organiza:on,	
  
management,	
  building,	
  and	
  opera:on	
  of	
  a	
  unprecedentedly	
  complex	
  machine.	
  	
  
They	
  are	
  some	
  of	
  the	
  most	
  complicated	
  things	
  ever	
  built.	
  



“…most	
  serious	
  case	
  of	
  a	
  high-­‐profile	
  mission	
  that	
  
exceeded	
  its	
  division	
  resources…Early	
  es:mates	
  of	
  
technical	
  difficulty	
  were	
  substan:ally	
  underes:mated	
  
and	
  the	
  project	
  was	
  cri:cally	
  under-­‐funded	
  throughout	
  
its	
  development	
  phase	
  to	
  2011.”	
  

JWST	
   ICESat-­‐2	
  

Mission	
  creep:	
  	
  “…pressures	
  from	
  a	
  disciplinary	
  
community…for	
  a	
  more	
  advanced	
  and	
  capable	
  mission	
  
than	
  envisioned	
  by	
  the	
  survey…Changes	
  in	
  mission	
  
science	
  emphasis	
  led	
  to	
  technology	
  development	
  
challenges,	
  significant	
  cost	
  growth,	
  and	
  launch	
  delay.”	
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Recommended	
  program	
  from	
  Planetary	
  2013:	
  two	
  high-­‐profile	
  “budget	
  busters”	
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Contrary	
  to	
  lore,	
  the	
  frac:on	
  of	
  NASA	
  budget	
  in	
  high-­‐profile	
  missions	
  is	
  about	
  constant.	
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This	
  issue	
  is	
  not	
  exclusive	
  to	
  NASA.	
  For	
  example,	
  NSF’s	
  par@cipa@on	
  in	
  the	
  Atacama	
  Large	
  
Millimeter/submillimeter	
  Array	
  (ALMA),	
  an	
  interna@onal	
  endeavor,	
  was	
  a	
  high	
  priority	
  for	
  
Astro2000.	
  This	
  facility	
  is	
  the	
  premier	
  facility	
  of	
  submillimeter	
  radio	
  astronomy	
  in	
  the	
  world.	
  
However,	
  cost	
  growth	
  in	
  ALMA	
  construc@on	
  and	
  opera@ons	
  has	
  been	
  substan@al,	
  resul@ng	
  
in	
  an	
  erosion	
  in	
  NSF’s	
  support	
  for	
  ground-­‐based	
  op@cal	
  telescopes,	
  par@cularly	
  those	
  “open-­‐
access”	
  facili@es	
  run	
  by	
  the	
  Na@onal	
  Op@cal	
  Astronomy	
  Observatories,	
  and	
  also	
  for	
  the	
  
program	
  of	
  research	
  grants	
  run	
  by	
  NSF	
  AST.	
  	
  

Although	
  there	
  are	
  parallels	
  to	
  some	
  large	
  facili@es	
  in	
  the	
  NSF	
  AST,	
  [the	
  Decadal	
  Survey	
  
report]	
  focuses	
  on	
  NASA	
  missions	
  because	
  the	
  level	
  of	
  cost	
  growth	
  and	
  its	
  nega@ve	
  
consequences	
  has	
  been	
  a	
  bigger	
  problem…	
  

ALMA’s	
  construc:on	
  and	
  opera:ons	
  costs	
  were	
  substan:ally	
  underes:mated.	
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Because	
  NASA’s	
  high-­‐profile	
  missions	
  oaen	
  start	
  with	
  cost	
  es@mates	
  of	
  more	
  than	
  $1	
  billion,	
  
cost	
  growth	
  can	
  pose	
  a	
  significant	
  threat	
  to	
  programma@c	
  balance,	
  given	
  individual	
  division	
  
budgets	
  of	
  ≤$1.8	
  billion	
  per	
  year.	
  It	
  can	
  be	
  challenging,	
  if	
  not	
  impossible,	
  for	
  a	
  single	
  NASA	
  
division	
  to	
  maintain	
  a	
  balanced	
  porfolio	
  of	
  ac@vi@es	
  while	
  suppor@ng	
  the	
  development	
  of	
  a	
  
mul@billion	
  dollar	
  mission	
  in	
  the	
  face	
  of	
  significant	
  cost	
  growth.	
  Thus,	
  it	
  is	
  impera@ve	
  that	
  
survey	
  commigees	
  make	
  clear	
  which	
  parts	
  of	
  a	
  performance-­‐driven	
  mission	
  are	
  truly	
  
required,	
  and	
  where	
  any	
  compromises	
  or	
  de-­‐scopes	
  might	
  be	
  acceptable.	
  Furthermore,	
  these	
  
compromises	
  must	
  be	
  sufficient	
  to	
  execute	
  the	
  high-­‐profile	
  mission	
  within	
  the	
  discipline’s	
  own	
  
budget.	
  Both	
  can	
  be	
  accomplished	
  through	
  clearly	
  stated	
  decision	
  rules	
  that	
  set	
  forth	
  the	
  
criteria	
  by	
  which	
  the	
  high-­‐profile	
  mission	
  retains	
  or	
  loses	
  its	
  priority	
  under	
  various	
  
circumstances.	
  	
  

Lesson	
  Learned:	
  High-­‐profile	
  missions	
  are	
  special	
  cases	
  within	
  each	
  of	
  the	
  disciplinary	
  
areas,	
  presen2ng	
  great	
  opportuni2es	
  for	
  major	
  advances	
  in	
  understanding,	
  but	
  also	
  
carrying	
  significant	
  risk	
  for	
  maintaining	
  a	
  balanced	
  porNolio	
  of	
  ac2vi2es—should	
  
unan2cipated	
  cost	
  growth	
  occur.	
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“It	
  can	
  be	
  challenging,	
  if	
  not	
  impossible,	
  for	
  a	
  single	
  NASA	
  division	
  to	
  maintain	
  
a	
  balanced	
  porfolio	
  of	
  ac@vi@es	
  while	
  suppor@ng	
  the	
  development	
  of	
  a	
  
mul@billion	
  dollar	
  mission	
  in	
  the	
  face	
  of	
  significant	
  cost	
  growth.”	
  



Examples	
  of	
  Decision	
  Rules:	
  
MAX-­‐C	
  and	
  JEO	
  	
  

Decision	
  rules	
  in	
  Planetary	
  2013	
  
“required	
  both	
  missions	
  to	
  trim	
  their	
  
budgets	
  significantly	
  to	
  retain	
  their	
  
priority	
  ra@ng…further	
  required	
  that	
  
high-­‐profile	
  missions	
  be	
  descoped	
  or	
  
delayed	
  rather	
  than	
  impact	
  the	
  other	
  
aspects	
  of	
  the	
  planetary	
  science	
  
porfolio.”	
  	
  	
  

“Following	
  these	
  rules—despite	
  much	
  
lower-­‐than-­‐an@cipated	
  funding	
  levels…
the	
  Mars	
  community	
  was	
  able	
  to	
  develop	
  
a	
  credible	
  Mars	
  2020	
  mission	
  that	
  
addressed	
  most	
  of	
  the	
  key	
  goals	
  of	
  the	
  
decadal	
  survey…A	
  rescoped	
  Europa	
  
mission	
  was	
  granted	
  a	
  new	
  start	
  in	
  
administra@ons	
  budget	
  request	
  for	
  FY16.”	
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Consequences	
  of	
  the	
  Long	
  Timescales	
  of	
  High-­‐Profile	
  Missions	
  	
  
High-­‐profile	
  space	
  missions	
  are	
  oaen	
  mul@-­‐decadal	
  in	
  nature…significant	
  evolu@on	
  can	
  occur	
  in	
  
its	
  science	
  goals	
  and	
  objec@ves	
  and	
  its	
  instrument	
  and	
  mission	
  capabili@es.	
  While	
  this	
  evolu@on	
  
almost	
  always	
  results	
  in	
  cost	
  escala@on,	
  it	
  can	
  also	
  result	
  in	
  a	
  mission	
  or	
  observing	
  system	
  that	
  
is	
  significantly	
  different	
  from	
  that	
  originally	
  conceived	
  in	
  a	
  decadal	
  survey.	
  As	
  an	
  example,	
  the	
  
high-­‐profile	
  Mars	
  Science	
  Laboratory	
  mission	
  (Curiosity)	
  within	
  NASA	
  PSD	
  evolved	
  significantly	
  
in	
  both	
  architecture	
  and	
  cost	
  from	
  the	
  original	
  concept	
  [in	
  Planetary	
  2003]	
  before	
  the	
  mission	
  
was	
  launched	
  in	
  2011.	
  Despite	
  such	
  evolu@on,	
  there	
  is	
  a	
  tendency	
  to	
  keep	
  the	
  original	
  mission	
  
as	
  the	
  highest	
  priority	
  for	
  the	
  program	
  due	
  to	
  the	
  large	
  amount	
  of	
  resources	
  already	
  commiged.	
  	
  

Best	
  Prac2ce:	
  While	
  high-­‐profile	
  missions	
  are	
  likely	
  to	
  retain	
  their	
  high	
  ranking	
  from	
  one	
  
decadal	
  survey	
  to	
  the	
  next,	
  evolu@on	
  in	
  mission	
  concepts	
  and	
  changing	
  science	
  priori@es	
  may	
  
occur	
  over	
  @me.	
  As	
  such,	
  it	
  is	
  desirable	
  that	
  the	
  survey	
  commigee	
  and	
  panels	
  carefully	
  evaluate	
  
all	
  candidate	
  mission	
  concepts	
  on	
  their	
  merits,	
  rather	
  than	
  be	
  unduly	
  influenced	
  by	
  advocacy	
  
and	
  iner@a.	
  [An	
  illustra:ve	
  example	
  of	
  this	
  was	
  the	
  Space	
  Interferometry	
  Mission	
  –	
  SIM.]	
  

Once	
  a	
  NASA	
  high-­‐profile	
  mission	
  is	
  launched,	
  the	
  mission	
  life@me	
  oaen	
  greatly	
  exceeds	
  the	
  
prime	
  mission	
  @mescale,	
  resul@ng	
  in	
  one	
  or	
  many	
  proposals	
  for	
  extended	
  mission…Given	
  the	
  
high	
  development	
  cost…there	
  is	
  a	
  sensible	
  desire	
  to	
  exploit	
  them	
  fully	
  by	
  gleaning	
  as	
  much	
  
science	
  as	
  possible…[but]	
  the	
  cost	
  of	
  maintaining	
  exis@ng	
  capability	
  can	
  preclude	
  the	
  ini@a@on	
  
of	
  new	
  missions	
  that	
  could	
  make	
  quantum	
  advances	
  in	
  the	
  field.	
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The	
  long	
  :mescales	
  of	
  high-­‐profile	
  missions	
  engender	
  special	
  challenges.	
  



In	
  summary,	
  high-­‐profile	
  missions	
  remain	
  a	
  vital	
  part	
  of	
  most	
  decadal	
  programs,	
  but	
  their	
  
execu@on	
  within	
  a	
  containable	
  budget	
  remains	
  a	
  challenge…High-­‐profile	
  missions	
  should	
  be	
  
reserved	
  for	
  the	
  highest-­‐priority	
  science	
  goals,	
  those	
  that	
  cannot	
  be	
  accomplished	
  in	
  any	
  other	
  
way.	
  When	
  a	
  high-­‐profile	
  mission	
  is	
  recommended,	
  it	
  should	
  be	
  accompanied	
  by	
  clearly	
  stated	
  
expecta@ons	
  regarding	
  its	
  implementa@on,	
  deno@ng	
  which	
  aspects	
  of	
  the	
  mission	
  are	
  essen@al	
  
to	
  retaining	
  the	
  mission’s	
  consensus	
  priority	
  and	
  which	
  can	
  be	
  further	
  considered	
  during	
  design	
  
development	
  to	
  enable	
  cost	
  control.	
  	
  

Lesson	
  Learned:	
  Mission	
  creep	
  within	
  high-­‐profile	
  missions	
  and	
  large	
  facili2es	
  and	
  a	
  general	
  
unwillingness	
  to	
  de-­‐scope	
  or	
  cancel	
  large	
  missions	
  or	
  facili2es	
  during	
  development	
  can	
  result	
  
in	
  large,	
  nega2ve	
  impacts	
  on	
  other	
  programs	
  at	
  the	
  division	
  and	
  directorate	
  level.	
  	
  

Best	
  Prac2ce:	
  When	
  recommending	
  high-­‐profile	
  missions,	
  survey	
  commiSees	
  are	
  advised	
  to	
  
explicitly	
  state	
  which	
  aspects	
  of	
  the	
  project	
  are	
  essen2al	
  to	
  retaining	
  the	
  mission’s	
  consensus	
  
priority	
  and	
  which	
  can	
  be	
  further	
  considered	
  during	
  design	
  development	
  to	
  enable	
  cost	
  
control.	
  	
  

Best	
  Prac2ce:	
  Clear	
  decision	
  rules	
  for	
  high-­‐profile	
  missions	
  and	
  large	
  facili2es	
  that	
  include	
  
both	
  de-­‐scope	
  and	
  cancella2on	
  op2ons	
  can	
  provide	
  some	
  level	
  of	
  protec2on	
  against	
  
unconstrained	
  cost	
  growth	
  and	
  possible	
  collateral	
  damage	
  to	
  other	
  programs	
  

Bo\om	
  line:	
  High-­‐profile	
  missions	
  are	
  essen:al,	
  but	
  they	
  must	
  carried	
  out	
  out	
  
within	
  prac:ces	
  and	
  constraints	
  that	
  minimize	
  unintended	
  consequences.	
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Planning	
  within	
  @ght	
  budgets	
  has	
  led	
  to	
  increased	
  specificity	
  in	
  the	
  recommended	
  programs	
  of	
  
decadal	
  surveys.	
  Implementa@on	
  plans,	
  in	
  par@cular,	
  have	
  included	
  detailed	
  descrip@ons	
  of	
  the	
  
facili@es,	
  missions,	
  and	
  observing	
  system	
  concepts	
  that	
  have	
  been	
  mo@vated	
  by	
  the	
  desire	
  to	
  
accomplish	
  as	
  much	
  of	
  the	
  science	
  program	
  as	
  possible.	
  However,	
  over-­‐specified	
  programs	
  are	
  a	
  
problem	
  for	
  program	
  managers	
  at	
  the	
  agencies	
  for	
  several	
  reasons.	
  One	
  is	
  that	
  implementa@on	
  
of	
  a	
  par@cular	
  mission	
  architecture	
  is	
  oaen	
  much	
  more	
  costly	
  than	
  the	
  es@mate	
  derived	
  from	
  
studying	
  an	
  immature	
  concept,	
  as	
  was	
  the	
  case	
  for	
  the	
  James	
  Webb	
  Space	
  Telescope	
  (JWST)	
  and	
  
the	
  Mars	
  Science	
  Laboratory	
  (Curiosity	
  rover).	
  The	
  full	
  cost	
  of	
  ambi@ous,	
  high-­‐profile	
  missions	
  
may	
  not	
  be	
  knowable	
  at	
  the	
  @me,	
  he	
  survey	
  is	
  conducted.	
  	
  

[Role	
  of	
  CATE	
  	
  -­‐-­‐	
  Cost	
  Assessment	
  and	
  Technical	
  Evalua:on	
  in	
  future	
  surveys]	
  

A	
  best	
  prac@ce	
  going	
  forward	
  is	
  that	
  missions	
  described	
  in	
  the	
  survey’s	
  recommenda@ons	
  might	
  
best	
  be	
  considered	
  as	
  “reference	
  missions”…	
  A	
  reference	
  mission	
  is	
  intended	
  to	
  serve	
  as	
  a	
  proof	
  
of	
  concept	
  that	
  there	
  is	
  a	
  way	
  to	
  do	
  the	
  science	
  within	
  a	
  certain	
  cost	
  bin,	
  rather	
  than	
  as	
  a	
  
detailed	
  recommenda@on	
  for	
  implementa@on….The	
  most	
  important	
  thing	
  is	
  for	
  the	
  decadal	
  
survey	
  to	
  state	
  clearly	
  the	
  minimum	
  set	
  of	
  requirements	
  underlying	
  a	
  mission’s	
  recommenda@on	
  
and	
  the	
  ra@onale	
  for	
  its	
  priori@za@on,	
  including	
  any	
  necessary	
  decision	
  rules	
  to	
  be	
  considered	
  by	
  
implementers.	
  Aaer	
  all,	
  it	
  is	
  first	
  and	
  foremost	
  the	
  science	
  that	
  is	
  being	
  priori@zed	
  in	
  a	
  decadal	
  
survey,	
  not	
  any	
  par@cular	
  design	
  for	
  a	
  mission	
  or	
  facility.	
  

Encouraging	
  decadal	
  surveys	
  to	
  develop	
  “reference	
  missions”	
  
for	
  new	
  high-­‐profile	
  mission	
  concepts	
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High-­‐profile	
  NASA	
  missions	
  oaen	
  fall	
  in	
  the	
  upper	
  range	
  of	
  cost	
  envelopes	
  that	
  are	
  
possible	
  within	
  a	
  division	
  budget	
  without	
  adversely	
  affec@ng	
  the	
  balance	
  of	
  programs	
  
within	
  the	
  division.	
  NSF	
  has	
  faced	
  similar	
  challenges.	
  Consequently,	
  it	
  is	
  highly	
  
desirable	
  to	
  offset	
  some	
  costs	
  through	
  par@cipa@on	
  of	
  other	
  domes@c	
  agencies,	
  
foreign	
  space	
  agencies,	
  or	
  foreign	
  governmental	
  science	
  agencies.	
  	
  

Par@cipa@on	
  of	
  organiza@ons	
  outside	
  NASA	
  can	
  result	
  in	
  a	
  far	
  more	
  capable	
  mission	
  
than	
  would	
  be	
  possible	
  with	
  division	
  funding	
  alone.	
  The	
  Cassini-­‐Huygens	
  mission	
  to	
  
Saturn,	
  a	
  joint	
  mission	
  between	
  NASA	
  and	
  the	
  European	
  Space	
  Agency	
  (ESA),	
  is	
  an	
  
excellent	
  example.	
  In	
  par@cular,	
  the	
  Huygens	
  probe	
  developed	
  by	
  ESA	
  provided	
  
significant	
  complementary	
  science	
  capability	
  in	
  understanding	
  the	
  unique	
  
environment	
  on	
  Titan.	
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Increasing	
  Interagency	
  and	
  Interna:onal	
  Collabora:on	
  

Our	
  report	
  emphasizes	
  the	
  crucial	
  importance	
  of	
  expanding	
  such	
  collabora:ve	
  
ac:vi:es	
  and	
  offers	
  ideas	
  to	
  exploit	
  ac:vi:es	
  associated	
  with	
  interna:onal	
  
mee:ngs	
  and	
  program	
  planning,	
  for	
  example,	
  decadal	
  surveys	
  and	
  ESA’s	
  selec:on	
  
process	
  for	
  ‘Large’	
  and	
  ‘Medium’	
  class	
  missions.	
  	
  	
  

Interna:onal	
  collabora:on	
  is	
  crucial	
  for	
  future	
  strategic	
  missions.	
  



Despite	
  the	
  clear	
  advantages	
  of	
  such	
  
collabora@ve	
  missions,	
  the	
  challenges	
  to	
  
successful	
  implementa@on	
  can	
  be	
  large,	
  
with	
  differing	
  planning	
  cycles,	
  funding	
  
systems,	
  and	
  priori@es.	
  	
  	
  Such	
  issues	
  
present	
  major	
  challenges	
  for	
  decadal	
  
surveys,	
  par@cularly	
  for	
  high-­‐profile	
  
missions,	
  where	
  joint	
  par@cipa@on	
  is	
  	
  
oaen	
  required	
  to	
  meet	
  decadal	
  budget	
  
requirements.	
  As	
  such,	
  sponsoring	
  
agencies	
  may	
  wish	
  to	
  provide	
  specific	
  
instruc@ons	
  to	
  survey	
  commigees	
  on	
  	
  	
  
how	
  they	
  deal	
  with	
  such	
  missions.	
  	
  

Best	
  Prac2ce:	
  Strong	
  preferences	
  by	
  	
  	
  	
  	
  
the	
  agencies	
  on	
  how	
  to	
  deal	
  with	
  high-­‐
profile	
  missions	
  and	
  interagency	
  and/or	
  
interna2onal	
  par2cipa2on	
  in	
  missions	
  
and	
  facili2es	
  need	
  to	
  be	
  spelled	
  out	
  in	
  
the	
  statement	
  of	
  task.	
  	
  

•	
  Mission	
  selec:on	
  processes	
  that	
  may	
  be	
  asynchronous	
  and	
  have	
  
substan:al	
  differences.	
  
•	
  Difficulty	
  in	
  securing	
  commitment	
  to	
  a	
  joint	
  project—Who	
  will	
  
commit	
  first	
  to	
  a	
  program	
  that	
  one	
  na:on	
  cannot	
  accomplish	
  on	
  
its	
  own?	
  
•	
  Technologies	
  are	
  oten	
  proprietary	
  and	
  not	
  easily	
  shared	
  (e.g.,	
  
issues	
  associated	
  with	
  the	
  Interna:onal	
  Trafficking	
  in	
  Arms	
  
Regula:ons);	
  ci:ng	
  D.	
  Southwood,	
  ESA’s	
  former	
  director	
  of	
  science	
  
and	
  robo:c	
  explora:on,	
  “European	
  scien:sts	
  are	
  very	
  reluctant	
  to	
  
become	
  involved	
  in	
  hardware	
  exchange	
  because	
  of	
  the	
  economic	
  
and	
  poli:cal	
  sensi:vi:es	
  of	
  Earth	
  remote-­‐sensing	
  technologies.”	
  
•	
  Differences	
  in	
  data	
  policy.	
  
•	
  Community	
  building	
  and	
  mission-­‐concept	
  development	
  
processes	
  that	
  may	
  vary	
  greatly	
  over	
  the	
  world’s	
  space	
  agencies.	
  
•	
  Varying	
  planning	
  processes.	
  
•	
  Different	
  rela:onships	
  between	
  agencies	
  and	
  their	
  
governments,	
  in	
  par:cular	
  in	
  terms	
  of	
  commitments	
  to	
  funding	
  or	
  
the	
  cancella:on	
  of	
  exis:ng	
  commitments.	
  
•	
  Concerns	
  about	
  security	
  and	
  sharing	
  of	
  resources—for	
  instance,	
  
the	
  security	
  requirements	
  for	
  launching	
  missions	
  using	
  nuclear	
  
power	
  sources	
  from	
  Europe	
  on	
  a	
  European	
  launcher,	
  and	
  vice-­‐
versa	
  (now	
  that	
  Europe	
  is	
  developing	
  its	
  own	
  radioisotope	
  power	
  
systems	
  based	
  on	
  americium-­‐243).	
  
•	
  Organiza:onal	
  communica:on	
  and	
  managerial	
  issues.	
  
•	
  Interna:onal	
  poli:cs.•	
  Cost	
  evalua:on	
  of	
  foreign	
  contribu:on.	
  
•	
  Impediments	
  to	
  U.S.	
  par:cipa:on	
  in	
  and	
  reign	
  mee:ngs,	
  given	
  
current	
  federal	
  restric:ons	
  on	
  travel	
  and	
  conference	
  a\endance.	
  

From	
  Chapter	
  4	
  “Implemen:ng	
  the	
  Decadal	
  Survey:	
  
“Impediments	
  to	
  Interna:onal	
  Collabora:on”	
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Despite	
  the	
  challenges,	
  the	
  success	
  of	
  
interna:onal	
  collabora:ons	
  on	
  strategic	
  
missions	
  has	
  been	
  remarkable.	
  	
  The	
  figure	
  
at	
  let	
  is	
  an	
  ar:st	
  concep:on	
  the	
  Global	
  
Precipita:on	
  Measurement	
  mission,	
  a	
  
NASA-­‐JAXA	
  collabora:on.	
  The	
  figure	
  
cap:on	
  lists	
  16	
  other	
  important	
  missions	
  
where	
  collabora:on	
  among	
  NASA,	
  ESA,	
  
JAXA,	
  CNES,	
  ASI,	
  CSA,	
  and	
  other	
  space	
  
agencies	
  have	
  been	
  crucial	
  to	
  realizing	
  the	
  
mission	
  and	
  bringing	
  it	
  to	
  successful	
  
opera:on,	
  for	
  example,	
  the	
  five-­‐na:on	
  
collabora:on	
  on	
  the	
  Earth	
  Observing	
  
Systems	
  Aqua,	
  Aura,	
  and	
  Terra.	
  

Interagency	
  and	
  interna:onal	
  collabora:on	
  is	
  
key	
  to	
  many	
  future	
  high-­‐profile	
  missions	
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In	
  January,	
  2016	
  Paul	
  Hertz,	
  Director	
  of	
  NASA	
  Astrophysics,	
  announced	
  the	
  
Division’s	
  plans	
  to	
  study	
  four	
  large	
  mission	
  concept	
  studies	
  in	
  prepara:on	
  for	
  
Astro2020,	
  following	
  the	
  Astrophysics	
  Roadmap:	
  Enduring	
  Quests-­‐Daring	
  Visions	
  	
  

LUVOIR	
  –	
  a	
  Large-­‐Aperture	
  UV-­‐Op-­‐IR	
  telescope	
  (a	
  Hubble	
  successor)	
  
“…map	
  the	
  distribu:on	
  of	
  nearby	
  dark	
  ma\er,	
  detect	
  water	
  worlds	
  and	
  
biomarkers	
  on	
  distant	
  Earth-­‐like	
  planets”	
  

Origins	
  Space	
  Telescope	
  (a	
  Far-­‐IR	
  Surveyor,	
  a	
  Spitzer	
  successor)	
  
"might	
  find	
  bio-­‐signatures	
  in	
  the	
  atmosphere	
  of	
  exoplanets…map	
  the	
  beginnings	
  
of	
  chemistry”	
  

Habitable	
  Exoplanet	
  Imaging	
  Mission	
  (HabEx)	
  	
  -­‐-­‐“could	
  search	
  for	
  signs	
  of	
  
habitability	
  in	
  the	
  atmospheres	
  of	
  exoplanets”	
  

X-­‐ray	
  Surveyor	
  “might	
  discover	
  the	
  first	
  genera@on	
  of	
  supermassive	
  black	
  holes,	
  
unravel	
  the	
  structure	
  of	
  the	
  cosmic	
  web…and	
  its	
  influence	
  on	
  galaxy	
  evolu@on”	
  

For	
  higher-­‐cost	
  missions…more	
  detailed	
  studies	
  are	
  generally	
  required	
  to	
  ensure	
  a	
  	
  
viable	
  decadal	
  science	
  strategy	
  based	
  on	
  a	
  full	
  understanding	
  of	
  the	
  costs	
  and	
  risks…
for	
  Astro2010	
  the	
  agencies	
  sponsored	
  detailed	
  mission-­‐concept	
  studies	
  that	
  were	
  fed	
  
directly	
  into	
  the	
  decadal	
  survey	
  process	
  for	
  evalua@on	
  and	
  priori@za@on.	
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Lesson	
  Learned:	
  High-­‐profile	
  missions	
  are	
  special	
  cases	
  within	
  each	
  of	
  the	
  disciplinary	
  
areas,	
  presen@ng	
  great	
  opportuni@es	
  for	
  major	
  advances	
  in	
  understanding,	
  but	
  also	
  
carrying	
  significant	
  risk	
  for	
  maintaining	
  a	
  balanced	
  porfolio	
  of	
  ac@vi@es—should	
  
unan@cipated	
  cost	
  growth	
  occur.	
  

Lesson	
  Learned:	
  Mission	
  creep	
  within	
  high-­‐profile	
  missions	
  and	
  large	
  facili@es	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
a	
  general	
  unwillingness	
  to	
  de-­‐scope	
  or	
  cancel	
  large	
  missions	
  or	
  facili@es	
  during	
  
development	
  can	
  result	
  in	
  large,	
  nega@ve	
  impacts	
  on	
  other	
  programs	
  at	
  the	
  division	
  and	
  
directorate	
  level.	
  	
  

Best	
  Prac2ce:	
  When	
  recommending	
  high-­‐profile	
  missions,	
  survey	
  commigees	
  are	
  advised	
  
to	
  explicitly	
  state	
  which	
  aspects	
  of	
  the	
  project	
  are	
  essen@al	
  to	
  retaining	
  the	
  mission’s	
  
consensus	
  priority	
  and	
  which	
  can	
  be	
  further	
  considered	
  during	
  design	
  development	
  to	
  
enable	
  cost	
  control.	
  

	
  Best	
  Prac2ce:	
  Clear	
  decision	
  rules	
  for	
  high-­‐profile	
  missions	
  and	
  large	
  facili@es	
  that	
  
include	
  both	
  de-­‐scope	
  and	
  cancella@on	
  op@ons	
  can	
  provide	
  some	
  level	
  of	
  protec@on	
  
against	
  unconstrained	
  cost	
  growth	
  and	
  possible	
  collateral	
  damage	
  to	
  other	
  programs.	
  

	
  Best	
  Prac2ce:	
  Strong	
  preferences	
  by	
  the	
  agencies	
  on	
  how	
  to	
  deal	
  with	
  high-­‐profile	
  
missions	
  and	
  interagency	
  and/or	
  interna@onal	
  par@cipa@on	
  in	
  missions	
  and	
  facili@es	
  
need	
  to	
  be	
  spelled	
  out	
  in	
  the	
  statement	
  of	
  task.	
  

High-­‐Profile	
  Missions	
  –	
  a	
  summary	
  in	
  Lessons	
  Learned,	
  Best	
  Prac2ces	
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