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ike Carr wrote recently Of the wOnderful planetary geOl-

Ogy accOmplished by NASA Over the past 50 years Of
space explOration, with images and descriptions from the ear-
ly Venus, Mars, and lunar missions as well as mOre recent mis-
sions, which evOked gOOd memOries (M. H. Carr, GeOlOgic
explOration Of the planets: The first 50 years, Eos, 94(3), 29-30,
doi:10.1029/2013E0030001, 2013).

UnfOrtunately, memOries are not science data, and thOse 50 years
have not been as kind tO the scientific infOrmation cOllected by
these pioneering missions.

In 1970, the ultraviolet spectrometer data cOllected around Mars by
the Mariner 6 and 7 spacecraft were delivered tO the National Space
Science Data Center (NSSDC) On a COntrol Data 6400 7-track
tape, and the punch card cOpy Of that data was put intO stOrage.

In 2000, a discussion of results from the Japanese Mars probe in-
struments prompted a search fOr the Mariner 6 and 7 spectra. When
I received a cOpy Of the file Of the binary data that NSSDC had
cOnverted in 1970 from Our 7-track tape tO an IBM-cOmpatible
fOrmat, the file cOnversion appeared tO have 10st sOme Of the
flOating-point data. Still needing the Original data, I went tO re-
claim the Mariner punch cards from the stOrage facility where they
were being held. That facility, hOwever, was being clOsed, and the
cOntents were being sent tO the trash. By a quirk of timing, I was
just able tO reclaim the Mariner 6 and 7 cards, alOng with data
from Mariner 9 (1971 tO 1972), Pioneer Venus (1978 tO 1992), and
VOyager (1977 tO 1989). Thus began wOrk, with a NASA Data
RestOration grant, tO recOver, reanalyze, and rearchive data from
these missions. During this research, a num- ber of difficulties were
encOuntered that illustrate important data stewardship cOn- cerns.
These challenges apply not Only tO NASA’s decades-1Ong archiving
cOmmitment but alsO tO data creation and curation effOrts across
many scientific disciplines.

NSSDC was the repositOry fOr the early planetary mission data,
and in the 1980s, the Planetary Data System (PDS) was established
with discipline-specific nodes and stricter archive requirements. It is
recOgnized that the early archiving activities Of NSSDC may have
resulted in the 10ss Of sOme data, but sOme Of the responsibility
clearly rests with the mis- sion science teams and the NASA funding

priorities. Whether due tO lack of funding Or archiving expertise,
usable science data and metadata from the early days Of planetary
explOration are now missing from the archives.

A Mission Document Archive

The details Of spacecraft hardware and sOftware reside in mission
documents that are essential not Only tO implementing the recOv-
ery Of archived data but tO understanding hOw it can be used.
These mission docu- ments cOntain spacecraft clOck definitions,
data handling and timing specifics, and cOnfiguration details fOr the
spacecraft and science instruments, plus engineering and cOmput-
er subsystems specifics. FOr example, it was not possible tO cOr-
relate the ultraviolet spectrometer data with twO Other Mariner 6
and 7 data sets because each Of thOse recOrds used different time
tags. Science teams rou- tinely discard these mission documents as
members retire Or mOve and institutions clean hOuse. The NASA
SOlicitation and Proposal Integrated Review and Evaluation System
(NSPIRES) list cOuld be used tO sOlicit submis- sions Of Old
mission documents. If scanned, this proposed Mission DOcument
Archive wOuld be a useful addition tO NASA’s HistOry Office site
(http:/ /histOry.nasa.gOv/spdocs. html).

Migration Issues

Hardware and sOftware migration issues are the bane Of the ar-
chivist and are well recOgnized. As hardware grows Old and sys-
tems change, the migration of non-ASCII science data—things that
are not just letters, numbers, and sOme special characters—is Of
cOnsiderable cOncern. COmputer system changes affect archived
sOftware Operability. Proprietary sOftware and upgrades may not
be backward cOmpatible Or even available in the future. ShOrt Of
stOring all science data in ASCII, ASCII samples Of a limited num-
ber of representative data recOrds from archived products shOuld
be included fOr use in later migration verification.

Science Observation Designs

Science Observation designs, whether planetary Or otherwise, de-
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scribe the science tO be achieved by detailing parameters such as
instrument cOnfiguration, timing and sampling, target Object,
and pointing strategy. These documents Often cOntain additional
graphic products that visualize the Observa- tion and provide essen-
tial infOrmation fOr interpreting the science data. UnfOrtunately,
The exhilaration of “first data,” the verifica- tion of instrument Op-
eration, and public relations effOrts in the early stages Of a mis- sion
are frequently poOtly recOrded, usually because time and energy de-
mands On the science and engineering teams result in few document
trails. Spacecraft glitches, cOm- puter memOry cOrruption caused
by random high-energy particles, fault protection, and cOntingency
planning can all cOntribute tO an undocumented trail Of relevant
events. Fur- thermOre, instrument microprocessOrs have signifi-
cantly improved flexibility and science return, but sOftware changes
can affect sci- ence and engineering fOrmats, timing, data stream
cOntents, ground handling, and archive product fOrmats. These
changes are rarely documented in detail Or described in archived
metadata. If sOme member of the team were alsO trained in the
archive proce- dures and fOrmats that are used where data are tO be
deposited, this persOn wOuld be able tO recOgnize, document, and
save impor- tant infOrmation.

How Well Does the Repository Work?

Real-time archiving Of downlinked raw data is now required by all
NASA projects. High-level calibrated data sets, known as level 1A,
may not be available until there is a sizable set from which tO ana-
lyze results, detect incOnsistencies, and remOve noise Or errors and
recalibrate. AlthOugh mOst level 1A data get archived, sOme prod-
ucts may cOme later, sOmetimes after the mission has ended. PDS
catalOg files desctibe the entire mission, sO these catalOg products
may be incOmplete until the detived results are published and ar-
chived.

The problem cOmes from not having enough funding fOr postmis-
sion archiving, This is a significant cause Of the lack of deliv- ery tO
the archive Of data and catalOg prod- ucts. NASAs PDS4 catalOg
version—the mOst recent update Of the Planetary Data System—
shOuld improve ingestion response and meta- data handling, but
the science teams still must provide the data. NASA’s postmission
Data Analysis Program fOr analysis Of science data after a mission’s
funding has expired cOuld provide a program fOr accumulating and
archiving all the remaining products from a mission, project-level
documents included.

Metadata Need Attention

We have all becOme accustOmed tO searching the Internet when
100king fOr infOrmation. The PDS node data are not available
as a web style searchable archive. AlthOugh there has been sOme
discussion Of making PDS data web searchable, there wOuld be
problems even if it were: much Of the metadata, both catalOg

files and internal label descriptions used tO Organize and describe
the products in the archive, do not use a cOnsistent terminolOgy
throughOut that is well defined and accepted by the search cOm-
munity. Science teams, assisted by a trained archivist, wOuld be able
tO refine the text as well as incOrporate additional meta- data that is
not currently archived. Librarians routinely catalOg materials based
on a strict set Of classification nomenclature. ShOuld we tag Our
products similarly?

Finally, because publication-quality data analysis is frequently done
late in the funded mission period and metadata preparation can be
time-cOnsuming, the PDS node tO receive these derived data fre-
quently has newer missions whOse data have higher priority tO be
ingested. This newly submitted, best- quality data from retired mis-
sions then falls tO the end of the PDS ingestion line and can take
significant time tO becOme available tO the science cOmmunity.
SOme methOd is needed tO provide quicker access tO the data sub-
mitted after a mission is fOrmally cOm- pleted. The postmission
archiving grant described above might provide this needed priority.

Historic Items

Aside from data and documents, what else is important tO save?
The 10ss Of the eatly lunar landing mOvies is well known. Have
yOu seen a phOtOgraph Of RObert GOddard with his rockets
Or Bill Braddock with his digitized geOlOgic maps? HOw about
TOrrence JOhnsOn presenting an image, generated from Pioneer
Venus Ultraviolet Spectrometer data, Of Hal- ley’s cOmet tO Presi-
dent Reagan? It’s impor- tant tO ask: What histOric things have been
produced during any Of these missions that shOuld be saved? Sci-
entists’ and engineers’ noteboOks, cOrrespondence and documents,
phOtOgraphs, videO presentations and press release articles, key
equipment, and 10gO paraphernalia? All Of these shOuld arouse
interest. The value that histOrians Of science and technolOgy may
recOgnize in these Objects may not be Obvious tO a science team.

The 10cal institution normally archives the scientists’ papers, but is
it fully capable Of catalOging and retaining these products? HOw
can we preserve this histOry withOut levying additional wOrk on
a science team? What part cOuld the NASA HistOry Office play?

AlthOugh these examples cOme from NASA missions, they illus-
trate data stewardship cOn- cerns resulting from the growth Of big
data as well as the presence Of born-digital data. Many U.S. and
international scientific and public agencies are engaged in cOdifying
issues Of data curation, especially the knowledge and skill require-
ments needed in the kind of multi- disciplinary data stewardship that
allOws users tO find things inside, and outside, their own discipline.
FOr archiving tO be successful, there must be interplay between
data creatOrs, data users, and archivists. But, in the end, it is im-
pet- ative that each data creatOr understand that hOw sOmething is
saved is just as important as what is being saved.
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