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We propose that ensuring the preservation of all archived astronomical data and making them an electronically available resource be endorsed by the astronomical community as a specific initiative for the next decade.  Archived data have on many occasions proven significant, even decisive, in astronomical research; that is particularly true of historic photographic observations, even though at present only a small fraction of our total are accessible in the electronic format which modern research requires.  Observations spanning a time interval often enable new data to be placed in context, and also permit research to be carried out that simply cannot be done in any other way.   Very few observations made during the digital era extend back more than about 20 years, whereas archives from the photographic and visual eras extend that time domain to a century or beyond.

There are compelling reasons why this initiative should be included in the report of Astro2010, the Astronomy & Astrophysics Decadal Survey Committee.  The preservation of data in archives is widely recognized as crucial for the health of astrophysics research. Those data, especially the older ones, constitute a rich resource, and are the envy of many other science disciplines. Recent history indicates that failure to develop a plan of action soon for preserving all this material appropriately and making it readily available will lead to irrevocable losses of what is already irreplaceable data through the irrevocable deterioration or actual destruction of a significant fraction of the older photographic observations.  The slow but sure ageing of photographic plates and other non-digital records is already being aggravated by inappropriate storage environments, while reductions in the total amount of material that could be available are being accelerated by ill-informed decisions to discard it on the grounds that it is very little used in its present form.  To realize the full potential of such data, the information must be transformed to a digital format and placed in an accessible database.  Allowing our heritage resources to be lost would limit the science that will be carried out not only over the next ten years but also by all future generations.

The value and impact of data archives in astronomical research have always been recognized, driving the early creation and circulation of catalogues and journals and (more recently) the installation and maintenance of data centers and databases such as the CDS and SIMBAD, the NASA/IPAC Extragalactic Database (NED), the SAO/NASA ADS bibliographic database, and NASA archives.  The same appreciation is at the heart of virtual observatory projects.  One cannot predict the specific science that will result, but it must be recognized that the practice of archiving data is of value not only for us but also for future researchers who may use the data in novel ways that we do not or cannot yet perceive.  We do know that some astrophysical problems depend critically for their solution on the availability of data extending over decades.

We make the following observations.  Astronomy is moving towards an era in which the mining of archived observations will become as important as obtaining new ones.  The virtual observatory concept is based on the premise that the ability to federate datasets having complementary properties will enable science to be done that is impossible to achieve with a single type of information.  Just as one needs all wavelength bands, one also needs time domain information for maximum knowledge.  Archival data will also lead to new discoveries.  The literature contains many examples of science that has resulted from using older observations in ways that were not anticipated by those that originally made them.  A few are mentioned below.

It has long been accepted that observations made from space need to be carefully archived so as to ensure future access to them.  Resources are allocated to space missions for data archiving and distribution, and the data from satellite observatories and planetary probes are routinely available on the Web and are widely used in research.  The data gathered for one project are reused for another, increasing the science achieved by the mission for a small additional cost.  The HST, IUE and Chandra archives are all frequently accessed for new studies.  Recent examples include investigating thermal X-ray coronae of galaxies using the Chandra archives (Sun et al. 2007), using IUE data to help determine the abundances of planetary nebulae (Surendiranath and Pottasch 2008, Pottasch et al. 2008) and identifying a dwarf nova in the core of M15 and studying its eruptions from archived HST images (Shara et al. 2004).   Even though some missions have long since ended, it is clearly of high importance for research that those public archives continue to be maintained and available.  The cost to do so is relatively small, and is therefore money extremely well spent.


Astronomy’s web-based databases such as the NASA/IPAC Extragalactic Database (NED), the variable star observations maintained by the American Association of Variable Star Observers (AAVSO), the ADS compilation of astronomical literature and on-line catalogues available through CDS and its mirror sites have become an essential part of astronomical research worldwide.  Archived data from those sources enable the researcher to reach a better- informed interpretation of newer observations.  Recent examples include using AAVSO data
 in tandem with archived HST and IUE observations to increase the sample of dwarf novae with orbital periods over 3 hours (Lyons et al. 2001), to obtain spectral types for the Tycho-2 stars by cross-referencing catalogues in Vizier (Wright et al. 2003) and to investigate the recently-detected infrared-optical phase lag in AGB stars by comparing AAVSO light curves to those from COBE DIRBE (Smith et al. 2006).  As those databases become more complete, their value in research will increase.  Again, it is critical that all such archives continue to be maintained and available in the next decade and beyond.

The usefulness of the archives mentioned derives largely from the fact that the material has been systematically processed and stored and made accessible via the Web.  That is unfortunately not the case for many ground-based observational data.  Many potentially valuable electronic records such as early CCD frames, data on magnetic-tape and photoelectric observations are probably now lost or are in conditions of dubious quality.  On the other hand, most of our inherited photographic observations, some dating back over 100 years, are still available but not in digital form, so their usefulness to modern research is severely limited.  Even so, those data are indeed regularly being used.  A cursory survey of the literature found over 50 research papers published in the major journals between 2000-2008 for which photographic data made an important contribution (Osborn and Robbins 2008).  Just as was demonstrated so vividly in the case of IUE once its Final Archive became public, there would be much greater use of the observations obtained photographically were they available electronically instead of  requiring a visit to an archive and physically accessing plates – and then not obtained a digitized version - which is the prevailing situation at present.  The frequent use of the photographic sky surveys that were digitized and are now available on the Web (e.g., POSS) is an example. 

Results presented at the recent Special Session on “Archival Data and Time Domain Astronomy” at the Long Beach AAS meeting illustrated how archival data are producing science that is otherwise simply not possible.  Tang et al. (2009)
 reported that digitization of Harvard plates of a field near M44 (just 0.1% of Harvard’s total collection) has uncovered three previously unknown classes of long-term (100-year baseline) variables.  Schaefer (2009a, 2009b) showed that by finding previously missed outbursts captured on photographs, many novae originally classified as `classical' have now been correctly re-classified as `recurrent novae'. That result has significant implications for the theory of progenitors of Type Ia supernovae - an important standard candle in cosmology.  Griffin described how archived spectra may be re-analyzed to determine concentrations of terrestrial ozone over the past 80 years – a novel use for observations that were originally made for completely different purposes.

The foregoing presents the general case for maintaining astronomy's existing electronic archives of both space- and ground-based observations and records, for augmenting their usefulness and for upgrading them to ensure their continuing availability and accessibility well into the foreseeable future.  We argue that the responsibility for these invaluable value-added steps should be undertaken partly by those nearest to the source(s) and thus best informed, and partly by dedicated data centers with the ability to collect, organize and make available to the community important datasets.  Such work is without any shadow of doubt a valid item for support, and we fully anticipate that full rationale for the archival activities required for the success of major projects will be presented elsewhere.  We have also argued the case for bringing on-line archived material which presently is non-digital (primarily photographic plates and paper records).  Because it is not likely that the rationale for this aspect of data archiving will be presented elsewhere, we outline it here.    

Even in relation to just the telescope time and human hours which historic data represent, and without trying to put a figure on their potential scientific “value”, the additional costs of transforming them into accessible electronic formats is modest.  That is particularly true when contrasted with the scale of funds needed to build, maintain and operate a complex instrument on a remote site or a space telescope.  We emphasize that the transformation of non-digital to digital formats is a one-time cost; the operation and maintenance of the resulting database would be no different from those of any other of data archive and would require no specific development.  

A recent Census of Astronomical Plates in North America, carried out under the auspices of the AAS Working Group on the Preservation of Astronomical Heritage (WGPAH), identified about 1.3 million direct plates and about 1 million spectrograms, solar images and other photographic records (Osborn and Robbins 2008).  Fortunately, 97% of this material is held in just 16 large collections.  The performance of the Harvard DASCH scanner (Simcoe et al. 2006; Grindlay et al. 2009, Laycock et al. 2009, Tang et al. 2009) suggests that all the photographic material could be digitized in ten years using the original prototype and three copies of the DASCH high-speed, high-resolution scanner; 
the estimated time is an upper limit since plates of dubious quality and/or no scientific value would not be scanned.  There are institutions besides Harvard willing to carry out the digitization work, one being the Pisgah Astronomical Research Institute which operates the Astronomical Photographic Data Archive.
  Labor costs would be a significant fraction of the budget, and it would be the principal item for converting paper records to electronic form as would be the case, for example, for adding early observations to the AAVSO database.  We again emphasize that these are one-time costs which would end once the data transfers are completed.  Our estimates point to a ball-park figure of $5-10M over a ten year period, the lower limit probably being the more realistic.  The subsequent on-going costs (Web interface and maintenance, etc.) would be very similar to the operating costs of any digital database.   

In conclusion, we argue for preserving existing electronic data archives, and for transforming non-digital data to an electronic format that is readily accessible via the Web, as a priority need for the astronomical community in the next decade.   Our case implies that the community will provide support - intellectual, institutional, and financial - to the institutions and organizations active in archiving data.  An urgent need is foreseen for transforming the large amounts of photographic observations and smaller collections of paper records into digital ones before they are lost or become unreadable.  The ultimate justification is not only historical preservation, but access to data which will support science that cannot otherwise be achieved.   As a parallel to expected benefits from combining databases in the way that the NVO envisages, databases of digitized historic observations will enable “instant science” of a different nature.  But this must be accomplished soon.  We owe it to our successors to make the still extant pathways to our heritage available, just as we ourselves have been able to build on the knowledge and expertise of our own predecessors.   The choice is stark; as was said recently, "we can make these discoveries in the near future using existing archived data, or we can wait many decades for the discoveries to be made by future investigators."   

As a post-script,  we note that the issues raised above also have cultural undertones, in that we must recognize that the obligation to preserve archival data for future generations of researchers who will see the value of these observations in ways we cannot.  Archived astronomical data represent a cultural and historic record of astronomical research in the United States and world-wide over the previous centuries.  A formal statement by the U.S. astronomical community encouraging and supporting their preservation will not only help to protect that cultural resource itself, but will also serve to state unequivocally that the protection of all data sources – both ancient and modern – for the benefit of future researchers is an expected standard for the conduct of research within astronomy.  Such a standard would not only protect valuable data for future use, but would also preserve the cultural and historical records of our science, the very foundation of physical science, for future generations.
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