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Abstract

This  documen t  defines  the  conten ts  of  data,  metada t a  and  associa ted
documen t a t ion  to  be  prese rved  beyond  the  life  of  missions  funded  by
NASA’s  Earth  Science  Division  (ESD).   The  purpose  of  the  documen t  is  to
identify  all  the  conten t  items  that  need  to  be  prese rved  to  ensure  their
availability  to  suppor t  future  investiga t ions  in  long- term  scientific  resea rc h .
The  focus  of  this  documen t  is  on  the  conten t s  (i.e.,  “what”)  and  not  on  the
impleme n ta t ion  or  repres e n t a t ion  (i.e.,  “how”)  of  the  conten t  items.   The
conten t  items  are  divided  into  eight  categories :  Preflight/Pre- Operat ions
Calibra tion,  Science  Data  Produc ts ,  Science  Data  Produc t  Documen t a t ion,
Mission  Data  Calibra tion,  Science  Data  Produc t  Software ,  Science  Data
Product  Algorithm  Input ,  Science  Data  Product  Validation  and  Science  Data
Software  Tools.  Items  are  described  under  each  of  these  categories  along
with  rationale  for  requiring  their  preserva t ion.

Key w o r d s :   Data  prese rva t ion,  Earth  Science  Data,  ESDIS,  OAIS
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1 INTRODUCTION

1.1 Scop e  and  Back gr o u n d

One  of  NASA’s  stra tegic  objectives  is  to  “Study  Earth  from  space  to  advance
scientific  unders t a n ding  and  meet  societal  needs”.   NASA’s  Earth  Science
Data  System  (ESDS)  progra m  resides  within  NASA’s  Earth  Science  Division
and  suppor t s  the  above  strat egic  objective  by  providing  end- to- end
capabilities  to  deliver  data  and  information  product s  to  users.  The  data
resulting  from  NASA’s  missions  are  a  valuable  resource  that  needs  to  be
prese rved  for  the  benefit  of  future  genera t ions .   These  observa t ions  are  the
primary  record  of  the  Earth’s  environme n t  and  therefore  are  the  key  to
unders t a n ding  how  conditions  in  the  future  will  compare  to  conditions
today.  In  the  near- term,  as  long  as  the  missions’  data  are  being  used
actively  for  scientific  resea r ch ,  it  continues  to  be  import an t  to  provide  easy
access  to  the  data  and  services  commens u r a t e  with  curren t  informa tion
technology.  For  the  longer  term,  when  the  focus  of  the  resea r ch  communi ty
shifts  toward  new  missions  and  observat ions,  it  is  essential  to  preserve  the
previous  mission  data  and  associa ted  informa tion.  This  will  enable  a  new
user  in  the  future  to  unders t a n d  how  the  data  were  used  for  deriving
information,  knowledge  and  policy  recomm e n d a t ions  and  to  “repea t  the
experime n t”  to  ascer t a in  the  validity  and  possible  limitations  of  conclusions
reached  in  the  past  and  to  provide  confidence  in  long  term  trends  that
depend ed  on  data  from  multiple  missions.  While  NASA  is  not  legislatively
manda t e d  to  prese rve  data  perman e n t ly  as  other  agencies  are  (e.g.,  USGS,
NOAA  and  NARA),  it  is  essential  for  NASA  to  prese rve  all  the  data  and
associa ted  conten t  beyond  the  lives  of  NASA’s  missions  to  meet  NASA’s
near- term  objective  of  providing  access  to  data  and  services  for  active
scientific  resea rc h .  Also,  NASA  has  to  ensure  that  the  data  and  associat ed
conten t  are  prese rved  for  transi tion  to  perma n e n t  archival  agencies .  To
fulfill  this  responsibili ty,  identifica tion  of  the  specific  conten t  items  that
need  to  be  preserved  from  each  of  NASA’s  missions  is  essential .  The
purpose  of  this  documen t  is  to  specify  the  conten t  items.  This  documen t
focuses  on  the  “what”  (i.e.,  the  conten t)  and  not  the  “how”  (i.e.
repres en t a t ion  of  conten t) .

Specifica tions  for  prese rva t ion  of  information  conten t  complem en t  existing
archive  standa rd s .  NASA  and  the  interna t ional  Consulta t ive  Commit tee  for
Space  Data  Systems  (CCSDS)  member  space  agencies  have  long
recognized  the  impor tanc e  of  developing  informa tion  standa rd s  for  use  in
long- term  prese rva t ion  of  space- related  data  collections.  Voluntee r s  have
developed  recomm e n d a t ions  titled  the  Reference  Model  for  Open  Archival
Information  System  (RM- OAIS).   Subseque n t  activities  continue  to  expand
through  a  range  of  related  interes t s  that  reach  toward  more  practical
guidance  for  developing  agency  standa rd s .  They  include  provider- archive
intercha n g e  recomm e n d a t ions  (2004)  and  packaging  of  data  and  metada t a
(XFDU),  to  facilita te  informat ion  transfe r  and  archiving  (2008).  The  most
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recent  update  to  the  OAIS  Reference  Model  is  the  Recomm e n d e d  Practice
“Magen ta  Book”  (2012),  and  superse d e s  the  Blue  Book  of  2002.  The
CCSDS  also  has  developed  ISO  16363  that  specifies  requirem e n t s  for
cer tifica tion  of  trus twor t hy  digital  reposi tories,  based  on  the  OAIS
Referenc e  Model,  and  ISO  16919  that  describes  how  to  audit  archives  for
compliance  with  the  require m e n t s .  CH01

The  OAIS  Referenc e  Model  identifies  an  Information  Package  as  “a  logical
containe r  composed  of  optional  Content  Information  and  optional
associa ted  Preservation  Descriptive  Information .”  Conten t  Information  is
defined  as  “a  set  of  informa tion  that  is  the  original  targe t  of  prese rva t ion  or
that  includes  part  or  all  of  that  information.”  Preserva t ion  Descrip tive
Information  is  defined  as  “the  informat ion  which  is  necessa ry  for  adequa t e
prese rva t ion  of  the  Conten t  Information  and  which  can  be  categorized  as
Provenance,  Referenc e ,  Fixity,  Contex t  and  Access  Rights  informat ion.”
When  the  datase t s  from  missions  are  viewed  as  the  Conten t  Informa tion,
the  items  such  as  science  data  product  docume n t a t ion  and  processing
history  are  par t  of  provenanc e  and  context .  However ,  each  of  these  items
could  be  conside re d  Conten t  Informat ion  and  one  can  think  of  Preserva t ion
Descript ive  Informat ion  associa ted  with  them.  This  specification  trea t s
such  “second  order”  Preserva t ion  Descriptive  Information  as
impleme n ta t ion  details  (i.e.,  how)  and  focuses  on  the  conten t  needed  to
prese rved  as  par t  of  the  provenance  and  context  of  the  mission  datase t s .  

The  Referenc e  Model  for  Open  Archival  Informa tion  System  and  related
work  by  CCSDS  does  not  provide  guidance  on  the  specific  types  of
information  that  should  be  preserved  with  Earth  science  observa t ional  data.
However ,  the  Referenc e  Model  does  give  OAIS- complian t  archives  ground
rules  and  guidance  in  several  impor tan t  areas .  An  OAIS- compliant  archive
should:

 Negotia te  for  and  accep t  appropria t e  informat ion  from  information
produce rs .

 Obtain  sufficient  control  of  the  information  provided  to  the  level
needed  to  ensure  Long- Term  Prese rva t ion.

 Determine,  either  by  itself  or  in  conjunc tion  with  other  par ties,  which
communi ties  should  become  the  Designa te d  Communi ty  and,
therefore ,  should  be  able  to  unders t a n d  the  information  provided.

 Ensure  that  the  information  to  be  preserved  is  independ e n t ly
unders t a n d a b le  to  the  Designa te d  Communi ty.  In  other  words,  the
communi ty  should  be  able  to  unders t a n d  the  information  without
needing  the  assistanc e  of  the  exper ts  who  produce d  the  information.

 Make  the  prese rved  informat ion  available  to  the  Designa te d
Communi ty.
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These  guiding  principles  will  help  in  developing  standa r d  repres e n t a t ive
information  requirem e n t s  for  Earth  Science  data.

At this  time,  there  are  no  standa rd s  that  address  conten t  to  be  prese rved  for
the  benefit  of  future  Earth  science  investiga t ions ,  especially  for  future  long
time  series  climatological  studies.  A  common  approach  and  consis tency
across  organiza tions  (national  and  interna t ional)  and  scientific  disciplines
would  ensure  that  future  long- term  archives  preserve  necessa ry  conten t ,
par ticula r ly  since  data  needed  for  long- term  science  studies  come  from
multiple  organiza t ions  and  disciplinary  areas .  Coordina t ion  among
organiza t ions  will  be  needed  to  arrive  at  common  standa r ds .  Adoption  of
this  documen t  as  NASA’s  specification  of  conten t  for  prese rving  Earth
science  data  will  be  a  first  step  in  such  coordina t ion.  It  is  possible  that  this
specification  will  need  to  be  updated  as  a  broade r  standa r d  is  developed,
but  this  specifica tion  should  serve  the  interim  purpose  of  gathe ring
prese rva t ion  conten t  from  past  and  curren t  missions  and  of  ensuring  that
future  mission  planning  includes  prese rva t ion  of  the  conten t  items  needed
in  the  long- term.

The  conten t  items  identified  in  this  docume n t  are  based  on:  

 The  US  Global  Change  Resea rch  Progra m  (USGCRP,  1998)  Workshop
on  Global  Change  Science  Requirem e n t s  for  Long- Term  Archiving  –
October  28- 30,  1998,  Boulder ,  sponsore d  jointly  by  NASA  and  NOAA;  

 Recent  work  by  the  ESDIS  Project  with  several  science  teams  whose
instrum e n t s  approaching  the  end  of  their  lives;  and  

 Recent  work  by  ESDIS  Project  staff  as  par ticipan t s  in  the  Earth
Science  Informa tion  Partne r  (ESIP)  Federa t ion’s  Data  Preserva t ion
and  Stewards hip  Cluste r  (ESIP,  2011)

The  USGCRP  workshop  had  participan t s  repres e n t ing  a  wide  range  of
scientific  disciplines.  The  participan t s  developed  a  number  of  use  cases,
conside ring  cases  where:

 Existence  of  a  data  archive  allowed  reprocessing  to  produce  new
produc ts  for  global  change  resea rc h;  

 Existence  of  a  data  archive  allowed  pursuit  of  previously
unanticipa t e d  applica tions;  

 Lack  of  fully  compreh e n s ive  data  archives  severely  limited  the  use  of
data  for  scientific  resea r ch;  and  

 Scientific  questions  and  hypothese s  required  long- term  archive
services .  

Based  on  these  use  cases  and  discussions  at  the  workshop,  a  numbe r  of
conten t  items  were  identified  as  importan t  for  preserva t ion.
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The  ESDIS  Project  staff  has  worked  with  the  EP- TOMS,  ICESat  GLAS  and
Aura  HIRDLS  instrume n t  teams  to  identify  the  types  of  information  that
these  teams  consider  import an t  for  prese rva t ion  in  addition  to  their  raw
data  and  derived  product s  that  are  already  in  one  of  the  EOSDIS  DAACs.
The  discussions  with  these  instrum e n t  teams  included  the  items  identified
in  the  USGCRP  repor t  as  a  star ting  point.

The  ESDIS  Project  staff  has  been  active  in  the  ESIP  Federa t ion’s  Data
Preserva t ion  and  Stewards hip  Cluste r  in  proposing  and  developing  an
emerging  standa rd  for  Provenance  and  Context  Conten t .  Represen t a t ives
from  several  U.S.  agencies  are  involved  in  this  cluste r ,  including  NOAA  and
USGS.  While  developing  such  a  standa rd  and  having  it  approved  through  an
interna t ional  standa rd s  body  is  a  prolonged  process  (genera lly  a  few  years),
the  conten t  items  identified  so  far  are  sufficient  to  provide  a  prelimina ry
version  of  a  specifica tion  for  use  within  NASA.

1.2 Organiza t i o n

The  conten t  specification  is  organized  into  the  following  eight  categories:
Preflight/Pre- Operat ions  Calibra tion,  Science  Data  Produc ts ,  Science  Data
Product  Document a t ion ,  Mission  Data  Calibra t ion,  Science  Data  Product
Software ,  Science  Data  Product  Algorithm  Input ,  Science  Data  Product
Validation  and  Science  Data  Software  Tools.  Each  of  these  is  described  in
turn  in  the  following  eight  sections  along  with  the  rationale  for  why  each  of
the  identified  items  is  needed.   In  addition,  to  allow  for  differences  among
flight  projects/ins t ru m e n t  teams  in  approache s  to  packaging  these  conten ts
into  their  deliverables ,  it  is  necessa ry  to  develop  and  deliver  a  “meta-
documen t”  which  provides  details  of  which  deliverables  cover  which  conten t
items.  This  is  discussed  in  Section  3.9.  The  descrip t ion  of  each  specification
require m e n t  is  expected  to  evolve  over  time.   The  ESDIS  Project
configura t ion  manage m e n t  process  will  be  used  to  manage  changes .

The  focus  of  this  documen t  is  intent ionally  on  the  conten t  (i.e.,  the  “what”)
of  items  that  must  be  preserved  rathe r  than  on  the  method  or
repres en t a t ion  (i.e.,  the  “how”).  Some  variation  is  expected  in  the  degree
with  which  these  require m e n t s  are  met  depending  on  the  phase  of  the
mission  at  which  the  requirem e n t s  are  address e d .  The  eight  specifica tion
categories  are  intended  to  be  compreh e n s ive  such  that  each  is  required  to
be  address ed  for  a  par ticula r  mission/ins t ru m e n t .   However ,  the  individual
sub- items  within  the  item  descrip t ions  are  examples ,  and  as  such  do  not
necessa r ily  apply  to  every  mission/ins t ru m e n t  since  NASA  missions  cover  a
broad  range  of  sensor  types,  data  and  objectives.   When  applied  to  older
missions  where  the  projects  have  ended  and  the  principals  are  not
accessible ,  these  requirem e n t s  may  not  be  satisfied  fully  while  missions  that
are  still  in  planning  should  be  able  to  meet  the  requirem e n t s  fully.  The
details  of  implemen t a t ion  shall  be  worked  out  while  developing  Interface
Control  Document s  between  the  mission  Project  and  the  NASA  ESD-
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assigned  Data  Cente r ,  which  shall  be  held  under  configura t ion  control  by
the  ESDIS  Project.

Not  all  of  the  data  or  information  needed  to  satisfy  a  par ticula r  specifica tion
require m e n t  may  be  physically  archived  at  the  assigned  NASA  Data  Cente r .
Some  ancillary  algori thm  inputs  (e.g.,  model  data)  may  be  archived  by  a
partne r  agency  such  as  USGS  or  NOAA.  NASA  sponsored  docume n t a t ion  is
archived  by  the  NASA  Scientific  and  Technical  Informat ion  Progra m.  The
NASA  STI  progra m  has  provisions  for  handling  mate rial  that  is  identified  as
having  ITAR  rest ric tions ,  or  proprie t a ry,  is  copyrighted  and/or  patent
protect e d .  If  there  are  unpublished  release  notes,  ancillary  data  and/or
software  that  are  ITAR  rest ric ted ,  proprie t a ry,  copyrighted  or  paten t
protect e d  then  one  of  the  ESD  Data  Cente r s  will  need  to  provide  the
required  safegua r ds  for  archive  and  distribution  services.  When  providing
these  items  to  the  Data  Cente r s  the  mission  Projects  should  include  any
distribu tion  rest rictions  and  expira tion  dates  for  those  rest ric tions.  
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Trustwor t hy  Digital  Repositories ,  Recomme n d e d  
Practice.  CCSDS  652.1- M-1.  Issue  1,  Washington,  
DC:  CCSDS,  Septem b e r  2011  
http://public.ccsds .org/publica t ions/a rc hive/652x0m
1.pdf

CCSDS  652.1- R-1 CCSDS,  2010:  Requirem e n t s  for  Bodies  Providing  
Audit  and  Certifica tion  of  Trustwor thy  Digital  
Repositories ,  Draft  Recomm en d e d  Practice.  CCSDS  
652.1- R-1.  Issue  1,  Washington,  DC:  CCSDS,  
October  2010   
http://public.ccsds .org/ si t es /cwe/ r ids/Lis ts/CCSDS
%206521R1/Attach m e n t s /652x1r1 .pdf

423- RQMT- 003 NASA,  2011:  Metada t a  Requirem e n t s  – Base  
Referenc e  for  NASA  Earth  Science  Data  Produc ts ,  
(Novembe r  2011). CH01
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USGCRP  / ESDIS01628 USGCRP,  1998:  Global  Change  Science  
Requirem e n t s  for  Long- Term  Archiving,  Report  of  
the  Workshop,  Octobe r  28- 30,  1998,  National  Cente r
for  Atmosphe ric  Research ,  Boulder ,  CO,  Sponsore d  
by  NASA  and  NOAA,  through  the  USGCRP  Progra m  
Office.  [Available  in  ESDIS  Library]

2.2 Other  Refer e n c e s

ESIP,  2011:  Prese rva t ion  and  Stewards hip  Cluste r  of  the  Earth  Science  
Information  Partne r s  Federa t ion,  
http://wiki.esipfed.org/index.php/Pre s e rva t ion_and_Stew a r d s h ip . 

3 CONTENT  SPECIFICATIONS

3.1 Prefl ig h t /Pr e - Operat io n s  Calibrat io n

3.1.1 Instru m e n t  Des cr ipt i o n

 Item  Descrip tion:  Documen t a t ion  of  Instrume n t / s en so r  charac t e r i s t ics
including  pre- flight  or  pre- opera t ional  performa nc e  measu re m e n t s
(e.g.,  spect ra l  respons e ,  instrum e n t  geomet r ic  calibra t ion  (geo-
location  offsets),  noise  charac t e r is t ics,  etc.).  For  example,  componen t s
of  documen t a t ion  include:  instrum e n t  specifica tions  (e.g.,  frequencies ,
bandwidths ,  polarizat ions ,  antenna  size,  scan  modes,  etc.) ,  vendor
calibra tion  repor t s ,  opera t ions  concept s  and  data  acquisition  timeline,
spect ral  and  radiomet r ic  calibra t ion  repor t s .  Depending  on  the
mission/Project  docume n t a t ion  plans,  this  informat ion  may  be  found  in
a  range  of  types  of  technical  repor t s  or  (as  in  the  opposite  extreme),
one  over- arching  documen t  such  as  a  user  guide.   

 Rationale:  Needed  for  users  to  unders t a n d  how  the  instrum e n t
opera te s .  Document a t ion  of  measur e m e n t s  made  before  deploying
instrum e n t s  in  space  (or  in  situ ) will  help  establish  a  baseline  and  help
users  unders t a n d  changes  that  may  have  occurr ed  over  time  while  in
opera tion.  

3.1.2 Prefl ig h t / Pr e- operat io n a l  Calibrat io n  Data

 Item  Descript ion:  Numeric  (digital  data)  files  of  Instrum e n t / se n so r
charac t e r i s t ics  including  pre- flight  or  pre- opera t ional  performa nc e
measur e m e n t s  (e.g.,  spect r a l  respons e ,  instrum e n t  geomet r ic
calibra tion  (geo- location  offsets),  noise  charac t e r i s t ics,  etc.).   

 Rationale:  Measu re m e n t s  made  before  deploying  instrum e n t s  in  space
(or  in  situ )  will  help  establish  a  baseline  and  help  users  unders t an d
changes  that  may  have  occur re d  over  time  while  in  opera tion.
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3.2 Scie n c e  Data  Produ c t s

3.2.1 Raw  Data  and  Derived  Produ c t s

Item  Descript ion:  Raw  data  are  data  values  at  full  resolution  as  directly
measur e d  by  a  spacebo rn e ,  airborne  or  in  situ  instrum e n t .  Derived
produc ts  are  higher  level  product s  (level  1b  through  4)  where
calibra tion  and  geo- location  transform a t ions  have  been  applied  to
genera t e  sensor  units,  and/or  algori thms  have  been  applied  to
genera t e  gridded  geophysical  param e t e r s .  A  further  descrip t ion  of
processing  levels  can  be  found  at  http://science .nas a .gov/ea r th-
science/ea r t h- science- data/da t a- processing- levels- for- eosdis- data-
produc ts / .  The  final  version  of  a  derived  produc t  should  be  the
version  archived.  If  resul ts  repor t e d  in  peer  reviewed  publica tions
were  based  on  earlier  versions  of  the  produc t ,  those  versions  or  at
leas t  repres e n t a t ive  subse t s  of  those  versions  should  also  be
archived.  At  a  minimum,  the  algori thm  and  software  that  genera t e d
such  earlier  versions  should  be  archived. CH01

 Rationale:  Prese rva t ion  of  raw  data  (e.g.,  Level  0  data  or  Level  1a
produc ts)  is  required  for  regene r a t ion  of  any  higher- level  produc ts  in
case  errors  are  discovered  or  bet te r  atmosphe r ic
trans mission/abso rp t ion/ reflec t anc e  or  scat te r ing  models  become
available  in  the  future.  It  is  impor tan t  to  prese rve  either  the  means  of
regene r a t ing  the  higher- level  produc ts  or  the  produc ts  themselves  to
ensure  reproducibility  and  verifiability  of  scientific  resul ts .

3.2.2 Metadat a

 Item  Descript ion:  Informa tion  about  data  to  facilita te  discovery,
search,  access,  unders t a n d ing  and  usage  associa ted  with  each  of  the
data  produc ts .  Metada t a  shall  follow  standa r ds  described  in
“Metada t a  Require m e n t s  – Base  Referenc e  for  NASA  Earth  Science
Data  Produc ts”  (NASA,  2011).

 Rationale:  Data  cannot  be  located  or  obtained  without  discovery,
search  and  access  metada t a .  Data  cannot  be  used  without  metada t a
needed  for  unders t a n ding  and  usage.  For  example,  in  some
produc tion  environme n t s  it  becomes  critical  that  the  granule- level
metada t a  indicates  which  version  of  software  was  used  to  produce  a
particula r  granule .   It  is  also  importan t  to  include  provena nc e
information  in  granule  level  metada t a  to  enable  users  to  dete rmine  all
inputs  and  param e t e r s  used  in  genera t ing  the  granule.
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3.3 Scie n c e  Data  Produ c t  Docu m e n t a t i o n

3.3.1 Produ c t  Team

 Item  Descript ion:  Names  of  key  science  team  leads  and  product  team
member s  (developme n t ,  help  desk  and  opera t ions),  roles,  performing
organiza t ion,  contac t  informat ion,  sponsoring  agencies  or
organiza t ions  and  commen t s  about  the  produc ts .   As  responsibili ty
changes  hands  over  time,  the  names  of  individuals  and  periods  during
which  they  were  responsible  for  various  aspect s  of  the  product  should
be  documen t e d .  

 Rationale:  It  is  impor tan t  to  know  who  were  responsible  for  the
produc ts  so  that  they  are  approp ria t e ly  credited .   Even  if  specific
individuals  are  not  available  in  the  future  to  provide  personal
knowledge,  their  roles  and  responsibili ties  may  be  informat ive  about
produc t  quality/validity  and  consistency,  and  their  publica tions  may
provide  relevant  insights .  It  is  impor tan t  to  captu re  from  the  produc t
team  any  commen t s  about  the  product s  before  the  individuals  move
on  to  other  activities  and  become  unavailable  to  provide  help  to  users.

3.3.2 Produ c t  Require m e n t s  and  Desi g n s

 Item  Descript ion:  Requirem e n t s  and  designs  for  each  science  data
produc t ,  either  explicitly  or  by  referenc e  to  the  requirem e n t s /design
documen t s .  Product  require m e n t s  and  designs  should  include  conten t ,
format,  latency,  accuracy  and  quality.   

Rationale:  Explains  expecta t ion  about  the  produc ts  when  the  project
was  initiated .  Useful  to  compare  with  what  was  actually
accomplished  (as  recorde d  in  validation  documen t s ) .  Documen t a t ion
of  the  produc t  format  is  essential  for  a  user  to  be  able  to  use  a
produc t . CH01

3.3.3 Proce s s i n g  and  Algorith m  Version  History

 Item  Descript ion:  For  all  produc t s  held  in  the  archive,  documen t a t ion
of  processing  history  and  produc tion  version  history,  indicating  which
versions  were  used  when,  why  differen t  versions  came  about,  and
what  the  improvem e n t s  were  from  version  to  version.   For  all
produc ts  held  in  the  archive,  the  versions  of  source  code  used  to
produce  the  produc ts  should  be  available  at  the  archive.  Granule  level
metada t a  should  indicate  which  version  of  software  was  used  for
producing  a  given  granule.  In  the  case  of  some  datase t s  all  versions  of
produc ts  may  be  maintained.  In  other  cases,  only  the  lates t  and
penultima te  versions  may  be  maintained,  with  some  samples  of
produc t  granules  of  each  of  the  historical  versions .   In  the  case  where
differen t  versions  of  ancillary,  input  data,  or  calibra tion  were  used,
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the  history  of  those  changes  should  be  available  as  par t  of  the
processing  history.

 Rationale:  It  is  impor tan t  to  maintain  at  least  the  history  of  all  the
versions  and  the  rationale  for  changes  in  order  to  preserve  the
scientific  record.  Traceability  of  inputs  as  well  as  methods  that  were
used  in  genera t ing  produc t  granules  that  were  used  in  scientific
publications  is  essen tial  to  the  scientific  method.

3.3.4 Produ c t  Genera t i o n  Algorith m s

 Item  Descrip tion:  Detailed  discussion  of  processing  algori thms,
outputs ,  error  budge t s  and  limita tions  with  sugges t ed  level  of  detail
given  below:

o Processing  algorithms  and  their  theore t ical  (scientific  and
mathe m a t ica l)  basis,  including  complet e  descrip t ion  of  any
sampling  or  mapping  algorithm  used  in  creation  of  the  produc t
(e.g.,  contained  in  peer- reviewed  papers ,  in  some  cases
supplem en t e d  by  themat ic  information  introducing  the  data  set
or  derived  produc t)  -  geo- location,  radiomet r ic  calibra t ion,
geophysical  param e t e r s ,  sampling  or  mapping  algorithms  used
in  creat ion  of  the  produc t ,  algori thm  software  documen t a t ion,  &
high- level  data  flow  diagra m s.  

o Descript ion  of  how  the  algori thm  is  numerically  impleme n te d ,
including  possible  issues  with  computa t ionally  intensive
opera tions  (e.g.,  large  matrix  inversions,  trunca tion  and
rounding).

o Descript ion  of  the  output  data  product s  at  a  level  of  detail  to
dete rmine  if the  produc t  met  specified  product  require m e n t s .   

o Descript ion  of  all  assumptions  that  have  been  made  concerning
the  algori thm  perform a nc e  estimate s  and  any  limitations  that
apply  to  the  algori thms  (e.g.,  conditions  where  ret rievals  cannot
be  made  or  where  performa nc e  may  be  significantly  degrad e d .)  

o Discussion  of  various  error  estimate s  and  the  error  budge t .  

 Rationale:  In  order  for  any  produc t  to  be  used  in  a  scientifically  valid
manne r ,  it  is  impor tan t  to  docume n t  the  theore t ical  basis  for  the
algorithms  used  to  genera t e  it  and  the  limitations  if  any.  The  above
documen t a t ion  should  be  available  and  updated  for  each  version  of
produc t  delivered  to  the  Data  Cente r s  so  that  users  of  a  par ticula r
version  know  exactly  how  the  version  was  genera t e d .

3.3.5 Produ c t  Quali ty

 Item  Descript ion:  Description  of  the  impact  to  produc t  quality  due  to
issues  with  computa t ionally  intensive  opera t ions  (e.g.,  large  matrix

Check  the  ESDIS  Doc  Server  at  https://ops1-cm.ems.eosdis.nasa.gov/cm2/ to  verify  that  this  is  the  correct  version

prior  to  use.

xv



NASA  ESD  Data  Prese rva t ion  Specification 423- SPEC- 001,  Revision  B
Effective  Date:  January  2019

inversions,  trunca t ion  and  rounding).  Documen t a t ion  of  produc t
quality  assess m e n t  (methods  used,  assess m e n t  summa ries  for  each
version  of  the  datase t s) .  Description  of  embedd ed  data  at  the  granule
level  including  quality  flags,  produc t  data  uncer t a in ty  fields,  data
issues  logs,  etc.  Relevant  test  repor t s ,  reviews,  and  appraisals .
Flowed- through  effects  of  sensor  noise,  calibra t ion  errors ,  spatial  and
spect ral  errors ,  and/or  un- modeled  or  neglected  geophysical
phenome n a  on  the  quality  of  produc ts .  Descript ion  of  potential  future
enhance m e n t s  to  the  algori thm,  the  limita tions  they  will  mitigat e,  and
other  useful  related  information  and  links.

 Rationale:  Users  need  to  unders t a n d  the  known  caveat s  associa ted
with  produc ts  to  ensure  their  proper  usage.  It  will  be  helpful  to
documen t  poten tial  improveme n t s  to  algori thms  that  (for  whateve r
reason)  were  not  possible  to  implemen t  for  the  archived  produc ts .

3.3.6 Produ c t  Applica t i o n  

 Item  Descrip tion:  Useful  references  to  published  articles  about  the
use  of  the  data  and  user  feedback  received  by  the  science  and
instrum e n t  teams  about  the  product s .  Includes  repor t s  of  any
peculiari t ies  or  notable  feature s  observed  in  the  produc ts .   

 Rationale:  Provides  additional  help  in  unders t a n ding  usage  of  data
produc ts  besides  the  algori thm  descrip tion  and  source  code.  History
of  users '  assessm e n t s  would  be  useful  for  unders t a n ding  any  issues
with  the  produc t s .

3.4 Miss io n  Data  Calibrat io n

3.4.1 Calibrat io n  Meth o d  

 Item  Descrip tion:  The  methods  used  for  instrum e n t / s e nso r
radiome t r ic  and  geomet r ic  calibra t ion  while  in  opera tion  (e.g.,  in
orbit).   The  source  code  used  in  applying  the  calibra t ion  algorithms.
Documen t a t ion  of  in- line  changes  to  calibra t ion  or  to  instrum e n t  or
platform  opera t ions  or  conditions  that  occur  throughou t  the  mission.
In  the  case  of  in  situ  data,  station  location  and  any  changes  in
location,  instrume n t a t ion ,  controlling  agency,  surrounding  land  use
and  other  factors  which  could  influence  the  long- term  record.  

 Rationale:  Document a t ion  of  calibra t ion  as  the  instrum e n t
charac t e r i s t ics  change  over  time  are  importan t  to  be  able  to  use  data
in  a  meaningful  way,  and  to  be  able  to  genera t e  long- term  time  series
ensuring  consistency  over  time.  Records  of  instrum e n t  opera t ions
history,  environme n t  and  any  mission  anomalies  are  impor tan t  to
unders t a n d  any  quirks  in  data  product s .  Source  code  will  help  users  in
unders t a n ding  how  the  calibra t ed  produc ts  are  genera t e d .  It  may  be
possible  to  use  source  code  (under  the  right  circumst a nc e s)  to  re-
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impleme n t  calibra t ion  software .  All  versions  of  software  should  be
prese rved  and  relation  betwee n  produc t  versions  and  software
versions  should  be  documen t e d .

3.4.2 Calibrat io n  Data

Item  Descript ion:  Inst rum e n t  and  platform  enginee ring  data  collected
during  opera t ions  (e.g.,  on  orbit),  including  platform  and  instrum e n t
environme n t ,  events  and  maneuve r s ;  atti tude  and  epheme r i s ;  aircraf t
position;  acquisition  logs  that  record  data  gaps;  calibra tion  look- up
tables;  calibra tion  coefficients  that  may  be  delivered  routinely  during
the  life  of  the  mission;  and  any  significant  external  event  data  that
may  have  impacted  the  observa t ions . CH01

 Rationale:  Depending  on  the  type  of  instrum e n t  and  platform,  many
of  these  ancillary  data  types  are  acquired  through  separa t e  data
flows,  distinc t  from  the  raw  measu re m e n t  data  identified  in  Section
2,  and  are  inputs  necessa ry  for  on- orbit  calibra t ion  and  geo- location.
The  opera t ions  logs  help  users  with  data  accoun ta bili ty.  Users  need
to  unders t a n d  what  data  are  available  or  missing  from  the  record  and
why  (maneuve r s ,  anomalies ,  etc.)

3.5 Scie n c e  Data  Produc t  Softwar e
 Item  Descrip tion:  Science  data  produc t  genera t ion  software  and

software  docume n t a t ion .  Source  code  used  to  genera t e  produc t s  at  all
levels  in  the  science  data  processing  system.  Software  release  notes,
including  reference s  to  versions  of  opera ting  systems,  compilers ,
commercial  software  libraries  used  in  the  code.  Versions  of  science
data  produc t  software  should  be  archived  for  each  major  produc t
release .  A major  product  release  is  charac t e r ized  by  the  appea r a n c e
of  peer  reviewed  publica tions  where  repor t ed  resul ts  are  based  on  the
produc t  version.  Descriptions  of  data  produc ts’  structu r e ,  format,
range  of  values  and  special  fill  or  error  values.  All informa tion  needed
to  verify  what  output  data  was  creat ed  by  a  run,  including  data
volume  and  file  sizes;  i.e.  to  verify  that  all  expected  datase t s  were
produce d  in  the  expected  format.  Document a t ion  that  lists  the
complete  set  of  expected  exceptions ,  and  describes  how  they  are
identified,  trapped ,  and  handled.  Documen ta t ion  needs  to  identify  the
source  for  values  of  constan t s  and  look- up  tables  used  in  the
algorithm,  or  explain  how  they  were  calcula t ed .  The  following  should
be  included  if  a  case  can  be  made  for  future  use:  Description  of  all
test  plans  that  were  produced  during  developme n t ,  including
referenc es  to  the  artifact s .  Descrip tions  of  data  sets  used  for  software
verification  and  validation,  including  unit  tests  and  system  test ,  either
explicitly  or  by  reference  to  the  developer ' s  test  plans.  Test  repor t s  or
summa ry  of  the  test  resul ts  in  sufficient  detail  to  indicate  that  the
produc ts  met  require m e n t s .

Check  the  ESDIS  Doc  Server  at  https://ops1-cm.ems.eosdis.nasa.gov/cm2/ to  verify  that  this  is  the  correct  version

prior  to  use.

xvii



NASA  ESD  Data  Prese rva t ion  Specification 423- SPEC- 001,  Revision  B
Effective  Date:  January  2019

 Rationale:  Product  software  source  code  and  produc tion  rules  provide
the  definitive  procedu r al  steps  that  documen t  the  exact
impleme n ta t ion  of  the  algorithm  as  described  in  algori thm  theore t ical
basis  documen t s .  Product  software  informat ion  documen t s  the
relation  between  produc t  versions  and  software  versions.  Product
software  is  needed  when  conside ring  use  of  the  mission  collection  in
long  multi- mission  time  series  to  unders t a n d  procedu r al  impacts
relative  to  other  instrum e n t  algori thm  implemen t a t ions .  When
examining  local  physical  artifact s  in  a  mission  collection  (spatial  or
temporal),  product  software  provides  a  way  for  users  to  know  how  a
particula r  geophysical  value  in  the  produc t  or  product  metada t a  was
derived  from  the  combina tion  of  inputs.  The  produc t  software  will
enable  users  to  know  when  and  how  extreme  values  or  unaccep t a ble
observa t ions  were  flagged  and  trea t ed  (e.g.  not  included)  in  a
particula r  derived  geophysical  or  metada t a  value.  The  produc t
software  will  help  users  identify  the  source  contributions  to  errors
and  uncer t ain t ies  of  a  particula r  observa t ion.  Earlier  versions  of
software  should  be  prese rved  when  used  to  genera t e  a  version  of  the
produc t  that  was  available  to  the  communi ty  and  resulted  in
corners ton e  findings  (as  advised  by  science  communi ty
repres en t a t ives).  

3.6 Scie n c e  Data  Produ c t  Algori th m  Inputs
 Item  Descrip tion:  Identify  all  ancillary  data  or  other  data  sets  used  in

genera t ion  or  calibra tion  of  the  data  or  derived  product  at  all  levels.
Ancillary  data  should  be  stored  with  the  produc ts  unless  it  is  available
from  anothe r  perma n e n t  archive  facility.  Include  the  name  and
location  of  the  ancillary  data  archive  facility  if  ancillary  data  will  not
be  stored  with  the  product s .  Complete  informat ion  on  any  ancillary
data  or  other  data  sets  used  in  genera t ion  or  calibra t ion  of  the  data
set  or  derived  product ,  either  explicitly  in  data  descrip tions  or  by
referenc e  to  approp ria t e  publica tions.  Informat ion  should  include  full
descrip tion  of  the  input  data  and  attribu te s  covering  all  input  data
used  by  the  algori thm,  including  primary  sensor  data,  ancillary  data,
forward  models  (e.g.  radia tive  transfe r  models,  spect ra l  line- lists,
optical  models,  or  other  model  that  relates  sensor  observables  to
geophysical  phenome n a)  and  look- up  tables.  At  granule  level,  include
information  on  all  inputs  (including  ancillary  or  other  data  granules ,
calibra tion  files,  look- up  tables,  ground  control,  climatology  etc.)  that
were  used  to  genera t e  the  product .  At  the  appropria t e  level  (granule
or  datase t )  include  calibra t ion  param e t e r s ,  precision  orbit  &  attitude
data;  climatological  norms,  geophysical  masks;  First- guess  fields  from
numerical  weathe r  or  climate  models;  spect ru m  and  transmi t ta nc e
information.  Describe  any  impor tan t  progra m ming  and  procedu r al
aspec t s  related  to  implemen t ing  the  algori thm  into  opera t ing  code.
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 Rationale:  The  algorithm  input  informa tion  is  needed  by  users
investigat ing  the  product s  for  long  multi- mission  time  series.
Investiga to r s  need  this  informat ion  to  unders t a n d  the  relative
contribu tions  of  each  input  to  an  output  geophysical  value  in  the
produc t ,  both  at  a  global  scale  and  across  the  life  of  the  mission,  and
at  local  spatial  (e.g.,  regional  focus)  and  temporal  (e.g.,  extreme  event
focus)  scales.  Similarly,  when  investiga t ing  a  local  physical  artifact  in
the  mission  collection  (e.g.,  regional  or  extrem e  event),  the  algori thm
input  provides  a  way  for  users  to  see  whethe r  the  artifact  is  presen t  in
ancillary  data  such  as  the  first  guess  field,  or  in  climate  fields  versus
from  the  instrum e n t  observa t ions .  This  is  especially  import an t  when
investigato r s  want  to  consider  the  impact  of  new  improved  ancillary
values  or  ancillary  geophysical  relationships  such  as  land- ocean
masks  or  standa rd  atmosphe r e  profiles  could  impact  derived  climate
trends,  significantly  reduce  error  or  bias  in  a  derived  produc t .
Knowledge  of  all  algorithm  inputs  is  critical  for  assessing  repea t a bili ty
and  usability  of  the  experimen t’s  resul ts .

3.7 Scie n c e  Data  Produ c t  Validati o n
 Item  Descript ion:  Datase t s  and  documen t a t ion.  Accuracy  of  produc ts ,

as  measu re d  by  validation  testing,  and  compare d  to  accuracy
require m e n t s .  Descrip tion  of  validation  process,  including
identifica tion  of  validation  data  sets,  measu re m e n t  protocols,  data
collection,  analysis  and  accuracy  repor t ing .  This  should  include  a
descrip tion  of  Cal/Val  plans  &  status ,  as  well  as  a  detailed  history  of
validation  activities  and  validation  data  sets  along  with  metada t a  from
previous  validation  exercises .  For  example,  ground  based  targe t  data
and  analysis  methods  should  be  included  for  laser  altimete r  missions.
Include  published  data  validation  papers  showing  how  well  the  data
compare  to  the  best  known  correla t ive  measu re m e n t s .  

 Rationale:  Users  will  need  to  unders t a n d  the  procedu r e s  used  for
validation  during  the  mission  lifetime,  as  well  as  caveat s  associa ted
with  produc ts  to  ensure  their  proper  usage.  Investiga to r s  need
evidence  of  the  observed  geophysical  references  for  comparing
calibra te d  and  derived  geophysical  values  to  other  long- term
observa t ional  data  sets.   This  evidence  is  especially  impor tan t  for
satellite  based  observa t ions  because  the  validation  studies  are  often
limited  to  comparisons  with  in-situ  or  aircraf t  observa t ions  from
regional  campaigns  for  finite  time  periods.  

3.8 Scie n c e  Data  Softwar e  Tools
 Item  Descrip tion:  Produc t  access  (reade r)  tools.   Software  source

code  that  would  facilita te  use  of  the  calibra tion  data,  ancillary  data
and  the  data  produc ts  at  all  levels.  Includes  software  source  code
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useful  for  crea ting  program s  that  will  read  and  display  the  calibra t ion
data,  ancillary  data  and  produc t  data  and  metada t a  values.  
Commercial  tools  should  be  identified  with  approp ria t e  reference s .
Include  release  notes,  identify  sample  input  and  show  the
corresponding  output  resul ts .

 Rationale:  Software  tools  help  facilita te  use  of  data  and  metada ta  as
well  as  confirm  documen t a t ion  of  the  data  and  metada t a  struc tu r e .
Provides  an  example  of  the  data  and  metada t a  values  users  should
expect  to  see  from  the  product s .

3.9 Deliverab l e s  Checkl i s t
Item  Descript ion:  A  checklist  or  “meta- documen t”  that  provides

documen t a t ion  of  how  each  of  the  conten t  specifica tions  discussed  in
the  above  sections  are  satisfied  and  delivered  by  the  flight
project/ins t ru m e n t  team  to  the  assigned  ESD  Data  Cente r ,  to  NASA
STI  progra m  or  will  reside  in  a  partne r  archive  (e.g.,  USGS  or
NOAA).  This  checklist  needs  to  be  maintained,  recording  any  changes
that  may  occur  over  time  in  any  of  the  items  described  in  sections  3.1
through  3.8  or  if the  location  of  where  some  of  the  items  are  archived
changes . CH01

 Rationale:  Different  projects  may  have  differen t  approaches  to
collecting  and  maintaining  the  conten t  items  specified  above.
Provision  of  a  checklist  will  allow  for  this  flexibility  while  facilita ting
user  access  to  specific  items  of  interes t .  Informat ion  about  points  of
contac t  will  help  users  or  ESD  Data  Cente r  personnel  to  obtain
clarifica tions  if  needed,  at  least  as  long  as  the  points  of  contac t  are
available.
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4 ABBREVIATIONS  AND  ACRONYMS

CCR Configura t ion  Change  Reques t

CCSDS Consulta t ive  Commit tee  for  Space  Data  Systems

DAAC Distributed  Active  Archive  Cente r

DCN Documen t  Change  Notice

EOS Earth  Observing  System

EOSDIS Earth  Observing  System  Data  and  Information  System

EP- TOMS Earth  Probe- Total  Ozone  Mapping  Spect rom e t e r

ESD Earth  Science  Division

ESDIS Earth  Science  Data  and  Informat ion  System  

ESDS Earth  Science  Data  System

ESIP Federa t ion  of  Earth  Science  Information  Partne r s

GLAS Geoscience  Laser  Altimete r  System

GSFC Goddard  Space  Flight  Cente r

HIRDLS High  Resolution  Dynamics  Limb  Sounde r

ICESat Ice,  Cloud,  and  land  Elevation  Satellite

ISO Interna t ional  Organiza tion  for  Standa r diza t ion

ITAR Interna t ional  Traffic  in  Arms  Regula tions

NARA National  Archives  and  Records  Administ ra t ion

NASA National  Aeronau t ics  and  Space  Administ ra t ion

NOAA National  Oceanic  and  Atmosphe ric  Adminis t ra t ion

OAIS Open  Archival  Informat ion  System

RM Referenc e  Model

STI Scientific  and  Technical  Informat ion  

TBS To  be  supplied

USGCRP United  States  Global  Change  Research  Program

USGS United  States  Geological  Survey

XFDU XML Format t ed  Data  Unit
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