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Archives 101 
 

Space Science Archives 
Why and How? 

Sébastien Besse, ESA’s Planetary Science Archive (PSA) Lead Scientist 
  
sbesse@sciops.esa.int 
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Some caveats with my lectures 

1.   I am a geologist, a remote sensing (VIS/NIR) scientist 
     à My science is on surfaces of the Moon, Mercury and Small bodies 
     à I will not consider heliophysics, although it is part of planetary science   

2.   I work with space missions, thus I am much more familiar with Space 
Agencies Archives (ESA, NASA, ISRO, JAXA, ROSCOMOS etc..) 

     à I will use ESA’s archive as a good example of what an archive should be, I 
am very much biased here obviously! Our interactions should provide feedback for 
me to improve the archive! I am here to serve you. 

3.   I am the science Lead of ESA’s Planetary Science Archive since             
1 years, thus I do not pretend I know everything 

     à If you realize latter that some statements where inaccurate, apologize in 
advance. Also be aware that interpretation and judgement is very important in 
the Archive world, like it is in Science in general J 
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Organisation of Lectures 

1.   Space Science Archives Why and How?   Today 15h-16h 
à You will become supportive of archives 

2.   Practical session – Getting the data you need!  Today 16h30-17h30 
à You will become the source of “complains” to the archives  
 
3.   Tools useful for exploring science datasets   Monday 15h-16h 
à You will become the source of “requirements” to the archives 

4.   Practical session – Understanding you download  Monday 16h30-17h30 
à You will become the first generation of “archive” educated scientists that 
will provide “complete and well-documented” datasets to be archived in the 
future 



S. Besse | winter School| Tenerige | 17/11/2016 | Slide  4 

What is a Lead Scientist? 

We are 5 persons are ESAC supporting 
several archives divided in three themes 

•  Astronomy 
•  Heliophysic 
•  Planetary Science 

 
Our job is simple to describe 
1.  Coordinate the development of ESA’s 

archive 
2.  Improve the science usefulness of ESA’s 

science archives 
3.  Collect the needs of the science 

community 
4.  Implement theses needs as much and 

fast as possible 

ESAC Science  
Data Centre 

http://www.cosmos.esa.int/web/esdc/ 
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What is an archive ? 

What is your definition of archiving? 
What should be an archive in space science? 
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What is an archive ? 

What is your definition of archiving? 
What should be an archive in space science? 
 
 

 PRESERVE and PRESENT RELIABLE  
SPACE SCIENCE PRODUCTS 

 
 
•  Preserve for several decades in a readable format 
•  Present to all the stakeholders (scientists, missions, media, citizens, etc..) 
•  Reliable means science-ready products with appropriate documentation 
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An archive to whom, for what ? 

Present and Preserve reliable space science datasets 
 
To whom? 
•  Missions in operations/development, Scientists 
•  Media, Teachers 
•  Citizens 
 
To do what? 
•  To perform Science, planning of observations 
•  For education, information and enjoy the Universe 
 
Be sure you are exploring an archive that will address your needs! 
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History of Planetary Science Archive 

A very short history of space  
science archives 
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History of Planetary Science Archive 

Why are we archiving? 
Archiving is done since hundreds of years to preserve 
knowledge 
 
Since few decades and the migration to digital format, 
the amount of science products has significantly 
increased, and we were not ready to archive them. 
à  Observations, datasets have been lost! 
à  Galileo, Giotto datasets will never be fully recover 
 
It is crucial to preserve all possible information 
of today’s scientific experiments, and in the 
mean time to recover experiments from the past 
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History of Planetary Science Archive 

Exploration to the Moon (60’s) 
•  Preserve all the photography of the lunar surface 
•  Preserve the lunar samples (2/3 kept for future generations) 

Exploration of Halley’s comet (80’s) 
•  The international community initiated a huge effort for preserving the 

datasets from this historical event 
•  The PDS Initiative started with this 

The Rosetta mission (00’s) 
•  The European Scientific community asked for a plan to preserve the 

upcoming datasets 
•  ESA’s Planetary Science Archive started in 2004 
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History of Planetary Science Archive 

Archiving your datasets (10’s) 
•  NASA ROSES, you have to propose a data management plan 
•  No real equivalent in Europe….yet 

Cite the source of your data (15’s) 
•  Journals are now asking authors to describe where the data have been 

collected 
•  Archives are working on this as well to simplify and enhance the access to 

scientific datasets 

Moving to the big data era (now) 
•  Gaia is producing Terabytes of data 
•  Rosetta has double the volume of data in the PSA archive 
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Why & How to implement a Space Archive 

Let’s go in the details of  
 

WHY and HOW 
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Why & How to implement a Space Archive 

1.  To ensure we preserve experiments 
a.  Not repeat the same experiment several times 
b.  Monitor over long period of time (e.g, Solar Activity over 40 years!) 

This is important for active objects! 
 
2.  To maximize the science exploitation of datasets 

a.  Duplication/Verification of science results 
b.  Discovery of new scientific results 

Archives 101 
Space Science Archives 

WHY and how? 
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Why & How to implement a Space Archive 

If the WHY is relatively straightforward, the HOW is subject to everything we 
discussed before and to the interpretation of humans ... 
 
The HOW is driven by the two questions we discussed before 
1.  To Whom? 
2.  For What? 

Archives 101 
Space Science Archives 

why and HOW? 
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IAC winter school audiance 

For Scientists (who) 

To do Science (what) 
 
This is the general targets that scientific archives are addressing.  
Thus, HOW do you reach this goal? 
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What are the key needs of an archive 

1.  Obtain products to archive 
a.  From Instrument PIs 
b.  From Scientists 

2.  Qualify the products that will be archived 
a.  Readable format for decades 
b.  Scientifically relevant and reviewed 

3.  Distribute the archived products 
a.  Distribute products to the community 
b.  Develop tools to help searching through and ever increasing number 

of science products 
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What are the key needs of an archive 

1.  Obtain products to archive 
a.   From Instrument PIs 

For Space missions, PIs have obligations to deliver all the observations they have 
performed with the experiment: Calibration and Science. 

 à Raw and Calibrated products  
For ground-based or laboratory experiments, fewer rules that results in fewer 
products being preserved 

 
b.   From Scientists 

Derived science products can also be archived to help in the progression of science 
(e.g., mineralogical maps of sulfates on Mars, temperature profile in Venus 
atmosphere, etc…) 
Based on the will of scientists to do some effort to properly archive those products 
Based on the ability of an archive to welcome these products 
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What are the key needs of an archive 

2.  Qualify the products that will be archived 
a.   Readable format for decades 

The International Planetary Data Alliance recommend the use of the Planetary 
Data System (PDS) format to archive science datasets. Space Agency are 
enforcing this format. 
This ensure a long term readable format, which might not be the case for a 
datasets you archive locally, yourself, at your institute. The cost is that it is an 
effort to be compliant to this standard. The benefit is forever. 

 
a.   Scientifically relevant and reviewed 

Archives should scientifically review the datasets being archived to ensure 
scientific usefulness of the products. This include for the most important, 1) an 
appropriate scientific calibration, and 2) a thorough documentation of the 
experiment, its observations and calibrations 
Space agencies perform scientific peer-review  
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What are the key needs of an archive 

3.  Distribute the archived products 
a.   Distribute products to the community 

Ensure that your audience has access to all the relevant products in the most 
simple way possible. 
This is often done by an ftp-like download of the experiment products 
 

b.   Develop tools to help searching through and ever increasing 
number of science products 

Facilitate the search of datasets with the use of « metadata » to narrow-down 
the scientific product needed for the science objectives. 
This is today’s hot topic that helps improving the science usefulness of an 
archive (e.g., OSIRIS camera has >100.000 images of 67P/C-G). 
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Why do you need to be aware of this ? 

You will probably be upset because you will not find the datasets you want 
although you are certain they exists!  
 
This could be because 
1.  They are not archived (e.g., TRAPPIST observations of comets) 

2.  They are not compliant with the standard or have not been reviewed as 
scientifically correct (e.g., VIRTIS observations of asteroid (2867) Steins) 

3.  The product are not easily searchable in the archives, because the data 
provider did not described properly his datasets and/or because the archive 
has no mean to search for this type of observations (e.g., Occultation to see 
VENUS atmosphere with Venus Express instruments) 
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Why & How to implement a Space Archive 

1.  By obtaining scientific datasets from the community, datasets that are well 
described  

a.  Archives relies 100% on the community they serve 
b.  Archives have the responsibility to archive scientifically validated 

products 
 
2.  By presenting these products in a meaningful way 

a.  This is the hot topic, more details on this upcoming 

Archives 101 
Space Science Archives 

why and HOW? 
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How to implement a Space Archive 

Few points need further details and information 
 
1.  Delivery mechanism to a Space Agency Archive 
2.  Planetary Data System – PDS 
3.  Science Review 

 

Archives 101 
  

HOW 
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Delivery Mechanism to an archive 

Here, we assume an archive that use the PDS standard 

Production of 
scientific 
datasets 

Analysis of the 
format by the 

Archive 

Science  
Peer-review  

Products are 
publically 
available  
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Delivery Mechanism to an archive 

Here, we assume an archive that use the PDS standard 

Production of 
scientific 
datasets 

Science  
Peer-review  

Products are 
publically 
available  

Analysis of the 
format by the 

Archive 
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Planetary Data System standard 

PDS is a standard to ensure long term preservation of datasets 
 
It currently uses the version 3 (PDS3). Since 2014, new missions are using the 
version 4 (PDS4) which is simpler to implement and developp. 
 
PDS3/4 define how your archive should be structured, what are the keywords to 
use (e.g., primary, secondary, etc..), and how metadata should be filled (e.g., 
string or float values). 
PDS3/4 define the content and the format of your data. An external user/provider 
might found that it is “too much”, but this is meant to ensure long-long term 
preservation of the data. 
 
ExoMars 16, BepiColombo, Osiris-Rex are using PDS4 
Rosetta, MarsExpress, Mars Reconnaissance Orbiter use PDS3. 
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Planetary Data System standard 
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Planetary Data System standard 



S. Besse | winter School| Tenerige | 17/11/2016 | Slide  28 

Planetary Data System standard 
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Planetary Data System standard 

PDS is a standard to ensure long term preservation of datasets 
 
There are tools to help you working with the PDS standard (e.g.,  READPDS (IDL), 
NASAVIEW to read images, etc..) 
 
PDS standard is flexible, you can both have .IMG or .FITS, you can have ascii/
binary table, everybody will be equally unhappy L 
 
PDS3 flexibility has reached is limit, PDS4 is much better structured for flexibility 
of all the planetary science data. 
One of the work of the archives now is to clean 15 years of PDS3 divergence and 
merge it with PDS4 new structure... 
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Science peer-review 

At this stage, we have a PDS compliant datasets 
The Archive should consults the potential users of the datasets and ask them to 
perform a scientific review (i.e., exactly the same as a scientific publication). 
Typically, three questions are asked to the reviewers: 
 
1.  Can you reproduce scientific results published in the literature? 
2.  Is the description of the instruments, the calibration, and all the observations 

sufficiently documented? 
3.  Is there anything that could mislead the use of the datasets by scientists, in 

the calibration, in the documentation, in anything?  

Reviewers raise concerns, this is presented to the instrument science team to be 
discussed.  
Science teams will often accept the issue and change the datasets for the archive, 
revision of the previous archives and/or update of the upcoming ones. 
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Archives 101 
Space Science Archives 

 
Examples of some Archive actors 
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Space Agencies 

NASA : PDS, divided in Nodes, All Nasa’s missions and instruments exploring 
the Solar system. Some ground-based supporting missions or targets of the 
Solar system.  
It does not take into account missions dedicated to the Sun-Earth interactions. 
pds.nasa.gov 
 
ESA : PSA, all ESA’s missions exploring the Solar System. Some ground-based 
supporting missions (Venus Express, Rosetta upcoming). 
It does not take into account missions dedicated to the Sun-Earth interactions.  
psa.esa.int 
 
JAXA : Darts, All JAXA’s mission exploring the Solar System. 
darts.isas.jaxa.jp 
 
ROSCOSMOS : Internal to distribute products to mission scientists 
ISRO, CNSA, and others are developing very fast 
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Other archives groups, structures 

Sun-Earth datasets  
Cluster Science Archive (http://www.cosmos.esa.int/web/csa) 
SolACES (http://isssolac.esac.esa.int/iss-solaces/index.html) 
Soho (https://sohowww.nascom.nasa.gov/data/archive/index_ssa.html) 
Nasa CDA (http://cdaweb.gsfc.nasa.gov) 
 

Laboratory archives 
Grenoble spectral database (http://ghosst.osug.fr) 
Relab (http://www.planetary.brown.edu/relab/) 
 
VESPA (http://vespa.obspm.fr/planetary/data/epn/query/all/) 
 

Astronomy archives 
Herschel (http://www.cosmos.esa.int/web/herschel/science-archive) 
Hubble, eHST (http://archives.esac.esa.int/ehst/) 
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Archives 101 
Space Science Archives 

 
Some numbers for ESA’s Planetary Science 

archive 
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Numbers of the PSA 

12 men-year  
 à development of new archives (ExoMars 2016, BepiColombo) 
 à populating active archives (Rosetta, MarsExpress) 
 à preserve legacy missions (Giotto, Vex, Smart-1, Huygens) 

 
70 instruments 

 à Including in-situ Vs. remote sensing 
 à 50 more upcoming by 2024 (JUICE, BepiColombo, Exomars RSP) 

 
45 TB of data 

 à coming from 70 instruments, 8 missions, spread over 20 years 
 à 10TB increase in the past 6 months (Rosetta!) 
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Numbers of the PSA 

9 missions 
 à In Legacy Phase (Giotto, Vex, Smart-1, Huygens) 
 à In Post-Operation Phase (Rosetta) 
 à In Operation Phase (ExoMars 2016, MarsExpress) 
 à In Development (BepiColombo, Juice) 

 
6 months of proprietary period 

 à In average for all instruments. 
 à This is when the data is delivered to the Archive, it can take more time 
 to be public (PDS standard, Scientific peer-review, interactions, …) 

 
7 millions products 

 à 5 millions for Rosetta only (with >100.000 images Osiris+Navcam) 
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… 

… 


