Earth Sci Inform (2010) 3:87-94
DOI 10.1007/s12145-010-0050-7

RESEARCH ARTICLE

Mercury: reusable metadata management, data discovery

and access system

Ranjeet Devarakonda - Giriprakash Palanisamy -
Bruce E. Wilson - James M. Green

Received: 30 September 2009 / Accepted: 14 April 2010 /Published online: 18 May 2010

© US Government 2010

Abstract Mercury is a federated metadata harvesting,
search and retrieval tool based on both open source packages
and custom software developed at Oak Ridge National
Laboratory (ORNL). It was originally developed for the
National Aeronautics and Space Administration (NASA),
and the consortium now includes funding from NASA, U.S.
Geological Survey (USGS), and U.S. Department of Energy
(DOE). Mercury is itself a reusable software application
which uses a service-oriented architecture (SOA) approach to
capturing and managing metadata in support of twelve Earth
science projects. Mercury also supports the reuse of metadata
by enabling searches across a range of metadata specification
and standards including XML, Z39.50, FGDC, Dublin-Core,
Darwin-Core, EML, and ISO-19115. It collects metadata and
key data from contributing project servers distributed around
the world and builds a centralized index. The Mercury search
interfaces allows the users to perform simple, ficlded, spatial,
temporal and other hierarchical searches across these
metadata sources. This centralized repository of metadata
with distributed data sources provides extremely fast search
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results (Table 1) to the user, while allowing data providers to
advertise the availability of their data and yet maintain
complete control and ownership of that data.
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Introduction

In the recent years, number of scientific data sets created by
research projects has increased significantly. However, our
current data discovery practices may not be sustainable and
reliable as these data sets are spread across thousands of
repositories located around the world. Virtual observatories
and distributed metadata search and data discovery systems
are helping the scientists search those repositories to find
and access the required data (Todd et al. 2008). Distributed/
virtual metadata systems typically harvest these metadata
from various data providers and make it available through a
single search system. The Oak Ridge National Laboratory
Distributed Active Archive Center (ORNL DAAC) (ORNL
2009), at Oak Ridge National Laboratory developed a
distributed metadata harvesting, search and data discovery
system called Mercury (Mercury 2008), which was origi-
nally developed for searching biogeochemical data that are
archived at the ORNL DAAC center. Mercury provides a
single portal to information contained in disparate data
management systems. It allows investigators/scientists and
database managers to distribute their data while maintaining
complete control and ownership over it. Mercury is a
completely reusable, open-source search system which uses
a service-oriented architecture (SOA) to capture and manage
biogeochemical and ecological data metadata presently
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Table 1 Initial Solr search query time

Search mode No. of records

Approx query

searched / found time (ms)
Full-text search ~70,000/48 90
Fielded search ~70,000/7 122
Fielded search ~9000/4 45
Fielded search ~9000/1382 31

supporting twelve Earth science programs. These programs
span a range of land, atmosphere, and ocean ecological
communities and have a number of common needs for
metadata searches, but they also have a number of needs
specific to one or a few projects.

There are other centralized repositories for Earth science
data discovery, such as Geospatial One Stop, Global Earth
Observation System of Systems etc. As part of data sharing
efforts, Mercury provides the harvested metadata to other
popular search applications (e.g. Google, Geospatial One
Stop, NBII Biobot etc). Some additional benefits to reusing the
Mercury software are that it is customizable, inexpensive, and
compatible with Internet search engines. Using a consortium
approach to development, members share general costs and
benefits to reduce development costs and produce a more
reusable, portable, robust, feature-rich application. Mercury
also provides advance features, such as RSS, Bookmark,
External data visualization tools integration, faceted filtering
options, etc. In this paper we discuss Mercury’s harvesting
models, indexing techniques, and various search services that
are available through the Mercury system.

Methods and techniques

Mercury supports widely used metadata standards such as
Federal Geographic Data Committee (FGDC) (FGDC
2009), Dublin-Core, Darwin-Core, Ecological Metadata
Language (EML), Directory Interchange Format (DIF), and
ISO-19115, ISO-19139, Open Archives Initiatives-Protocol
for Metadata Harvesting (OAI-PMH) (OAI 2009) and
protocols and specifications such as XML and Z39.50. It is
based on open source and Service Oriented Architecture and
provides multiple search services.

Mercury’s architecture has three major reusable compo-
nents in (Fig. 1): a harvester engine, an indexing system, and
a user interface component. The harvester engine is
responsible for harvesting metadata records from various
distributed servers around the world. The harvester software
has been packaged in such a way that all Mercury projects
use the same harvester scripts but each project will be driven
by a set of project specific configuration files. The harvested
files are structured metadata records that are indexed against
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the search library API consistently, so that it can render
various search capabilities such as simple, fielded, spatial
and temporal.

Harvester

Mercury’s harvester operates in two different models, 1)
virtual internet database and 2) virtual aggregate database.

Virtual internet database

The virtual internet database model organizes a new
collection of data from informal systems spread across the
internet, Typically the data providers or the principal
investigators create the metadata for their data sets using
their own applications or ORNL’s Metadata editor and
place these metadata in a publically accessible place such as
a web directory or FTP directory. Mercury then harvests
these metadata from several different contributing agencies
and builds a centralized index and makes it available via the
Mercury search interface (Fig. 2). Frequent, automated
harvesting and complete rebuilding of the index keep the
aggregate database up-to-date.

Virtual aggregate database

In the virtual aggregate database model, Mercury harvests
information from existing formal disparate database manage-
ment systems (DBMS). In this model, the metadata exists in
remote databases, custom export programs can be easily
written to extract the metadata from these DBMS and the
metadata are saved in xml files. Mercury then harvests the
extracted metadata files and builds a centralized index for
metadata searching (Fig. 2). Some Mercury instances are
using both these models to harvest the metadata. Mercury
development team is currently working on enabling a
metadata harvesting service using the OAI-PMH.

Searching

The current version of Mercury (V3) was recently rede-
signed to be based on open source, rather than commercial,
technologies for the indexing and searching components.
Lucene (Lucene 2009) and Solr (SOLR 2009a) search
libraries, which are both part of the Apache project, form
the basis for this part of Mercury. Lucene is rated as the top
10 open source projects (Census 2009) and one of the top 5
Apache projects (Apache 2009). Solr is built on top of
Lucene, which is a proven technology over 8 years old with
a huge user base (Lucene-java 2009) (this is only a small
part). Solr extends the functionality by providing for
numeric data types, dynamic fields, unique keys, and
faceted searching. For Mercury, Solr provides the capability
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Fig. 1 Mercury system http, ftp, crawl, web
architecture
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for specific geo-temporal coordinates, enabling bounding
box types of spatial metadata queries. Solr can also treat
special information, such as advanced search fields and
field importance weighting, as opposed to using the default
Lucene rankings and search mechanisms.

Another popular feature of Solr is its built-in caching
capability (Solr 2009b). Unlike other caches, Solr caches
don’t expire after a certain period of time, rather, caches are
preserved until the Solr index is valid. New searches can
auto-warm previous searches while the current one is still
serving external requests. So, if Solr encounters the same
query more than once, it returns the results in 0 ms. This
feature gives Mercury a performance boost while searching
for thousand of records. Table below is a sample of initial
Solr query response times:

Results and discussion

The typical Mercury user interface provides three different
search capabilities. 1) Simple search, 2) advanced search
and 3) Hierarchical (web brows tree) search. In the simple
search option, users can perform a full text search. In the
advanced search option, users can search by specifying
keywords, time period, spatial extend and the data provider
information. In the web browse tree, users can drill down
through all of the metadata records based on a project-
specified hierarchy of fields and filters. Figure 3 is a snapshot
of the Mercury advanced search interface used in ORNL
DAAC (ORNL DAAC Mercury 2009), and Fig. 4 shows an
example of the web browse tree interface.

RSS

Once the users enter their search criteria and perform the
search, the results summary page displays the total number
of records found for the search and options for filtering the
search results using logical groupings (by data providers,
parameter, sensor, topic, project etc.). The summary page
also allows the users to sort the results based on the search
relevancy, period of record, source and project. The page
shows push buttons in the top right to create an RSS feed, a
bookmark or an email for these results.

The bottom of the summary page shows the results,
snippets of the records that match the search/browse
criteria, and a link to the full metadata and a link to access
the associated data. The stars shown at the bottom of each
record indicate the relative relevance of the matched
criteria. The snippet includes the title and study date range,
source provenance and excerpts from the abstract (Fig. 5).

When the user clicks the “View Full Metadata” link
found on the summary page, the Mercury metadata report’s
page will be displayed. This page offers two styles to
display a full metadata record. The Mercury by default
offers a classic, well organized redux style at the full
records page. Additionally, it offers what it is known as the
FGDC style, which should be very familiar to those who
use the ESRI tools or that have used the previous version of
Mercury. It is plain text divided in 6 sections, with the
underlying hierarchy preserved as indentation.

Users can create a bookmark, email their custom search
results or subscribe to an RSS feed. RSS and bookmarks
enable refreshing the query results periodically without the
need to recreate the original query. For example, if the user
searches for “soil temperature” in the (Long Term Ecological
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Fig. 2 Mercury metadata
harvester’s architecture

Resource) LTER data source, Mercury will return references
to the 78 LTER metadata records which contain “soil
temperature” in the metadata record. The user can then select
the RSS button (Fig. 6) on the result summary page to get the

Fig. 3 A snapshot of the
ORNL-DAAC advance search
interface
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Fig. 4 A snapshot of the
ORNL-DAAC browse tree
search architecture

(= MetaData Files
1 = Parameter / Souce / Site
= = Site 1 Sersor | Parameter
= AFRICA Vew Al
= ALASKA View All
= ALASKA CANADA
== AMAZON BASIN ¥
= (Vew AlD
Eruir thermometer (View Al
Eunalysis (View A
Eavhar (View A
= Ebarommeter (Vaew Al

“View All’ returns all the possible
results for the Sensor:air \
temperature present in the
metadata

= ar temperature

=" precipitation amount
= gea level pressure
= swface pressure

All Parameters for
the Sensor:
barometer in the

Site: Amazon Basin All Sensors for the

All Sites present in
the metadata

Ereabon analyzer (View AN
hurnan cbeerver (View A 1)
=geldah] digestion (View AlD
Ermodel analyss (Vew Al
ph meter (Vew AlD

Ermain gange (View AlD
Estream gauge (View Al
wun photometer (View A L)

Ertemperature sensor (View Al _/
= AMAZON BASIN BRAZIL SOUTE

Site: Amazon Basin,

Fig. 5 A typical look at the

query results page "@_Metadata Summary S

Coooumark | Emoi | e [

Your search found: 1472 documents.
Query: fullT hon AND d (daac landval rgd lter obfs )

Filter by data providers Filter by parameter Filter by sensor Filter by topic Filter by project
LIER Dot (191 E) bomangs (1173 | ansbesis (163) biuphers (53] oreas (55)
CEMDAAC 208 | peimary 114) | . (01 (18 e gy a8
| Quancred saemelng drame (701 land (1827 2aterl 2000 (37)
Land Yabdation Defn (12) (85) { prfece (193] e (250

Viewmg Documents 1 - 10 out of 1472
Prev 123456789 10 Newt

Sort By: Index Rank I Period of record I Source I Project

BOREAS TE-06 NPP FOR THE TOWER FLUX, CARBON EVALUATION, AND AUXILIARY SITES
Datassurce: ORHLDAAC ARCHIVED DATA
Projects BOREAS

01/01/1985 - 12/31/199%

The BOREAS TE-06 team collected several data sets to examme the nfluence of vegetation, climate, and their mteractions on the major carbon fuxes
for boreal forest species. Thas data set containg estimates of the bomass produced by the plant species at the TF, CEZV and AUX sites in the S3A and

M5A for a given year. Temporally, the data cover the years of 1985 to 1995, The plant biomass prod fie d, belowground, understory,
literfall), gpaua] coverage, and temporal nature of measurements vaned between the TF, CEV, and AUX sites as deemed necessary by BOREAS
prmcmpal m

NPP BOREAL FOREST: FLAKALIDEN, SWEDEN, 1986-1996
Datesowrce: ORNLDAAT ARCHIVED DATA
Profects NET PRIMARY PRODUCTIVITY (NPP)

01/01/19886 - 12/31/1096

The NPP Database contams documented field measurements of NPP for global terrestnial sites compied from published literature and other extant data
sources. The NPP Database contans bhiomass dy ckmate, and site-ch data gearef; 1 to each intensrve ste. A magor goal of the
data J 15 to uge  and standard wel-d d methods to estmate NPP Erom the field data. Other mportant components of the

datsbaze mchude & contact infi ion, and a kst of key references for each site As far as possible, the onginal prncipal mwest

s Gat data | | View full metadm[

NPP BOREAL FOREST: JADRAAS, SWEDEN, 1973-1980 01/01/1973 - 12/31/ 1980
Datasvurce: CRRLDAAL ARCHIVID DATA
Profacts NET PRIMARY PRODUCTIVITY (NPR)

The NPP Database contans documented feld measurements of HPP for global terrestmal sttes compiled from published bterature and other extant data
sources. The NPP Datsbase contans biomass clmate. and site-charactenistics data georeferenced to each mtensive site_A major goal of the

@ Springer



92

Earth Sci Inform (2010) 3:87-94

— Metadata Summary @

Your search foand: 78 documents.

Period of record

_'__]
|

SortBy: | indexraak |

Crueey: text: seil temperatare AND datasowree:{(er b

Source

Click here to

subscribe the search

T\

Project

DAILY SUMMARY OF 108 £H SOIL TEMPERATURES IN THE ARCTIC LTER MOIST ACIDIC EXPERI
LAEE FICLD STATION, ALASER.

oatasmurce: LTER DATA
forupact: s

[Cradly sumenary of 10 een sol tesnperahres m the Arcte LTER moust scalie experimental plots Gor the
freerogen and phosphorus (GHNF) and mitrogen anc phosp.

nurnrser of 1995 There are 6 sites located along

Long Term Sod Respiration Mortoring ot the Transect S2esWe have been making kng-term 5ol respiration measurements at our transect sites smce th

MENTAL PLOTS FROM 1998 TO PRESERT, TOOLIK]
R A - 8085200

e contral (CT)L, greeshouse (GH), greenbause plus

B0/ 1995 - 0727 /200

[View ful n—.mumi

- Bew |

Dty summanary of B em sail tempee shures in the Acctic LTER moist sciic sxprriments
EMS . Sail Reapitativs, Temperahui ased Moibars .
Soil and alt tempesasare

| plats g 1998 43 proseat, Tealik Lake Fleld Staton, Masks

Food vaitogs  * | Expanded vew  Livtview]

ahow ety

TER samphrg sivs bom Jors 2000 12 Marh 2005
at 5 GCELTER

Solt Warming Exporiment . Prupuct Hill

Jupen kilmnt
Medsled Soll Msksture and Tempaiature

Mesmlonck Ramoeval Exporiment . Al sad 568 Tomperatars

M5 il Aemplration Alnmy @ Hydiutegical Gaodinns | sodl respision

agpcal Sramon, Tooks Lake, Alatka b 204

Fades Hatssmad Pak. S Flonda framm Jarui

il dynamn
DT Lier Manpuint t Detreus g
Hamiock Tows: - Mot € arbon Exchange of an Okd-Gromih Hemiock Farest

—

ey 2004 b At 2000

Above RSS is

subscribed using the

Fig. 6 Creating RSS feed from a search result

text&op l=&termo6attribute=datasource&op6=+OR+
&termo6=lter&pageSize=10&start=0&sortattribute=default&
sortattribute=default. Users can then use this RSS URL in
any of the many RSS readers (e.g., Google Reader,
iGoogle, MyYahoo etc.,) that are available online for
subscribing to search results. Whenever the RSS reader

refreshes the feed, Mercury will perform a new search and
provide the latest search results, and the newly added records
will be displayed at the top. The user can obtain the full
metadata report by selecting the link found in the RSS feed.
Mercury also provides the harvested metadata to other
applications (e.g., Google, NASA Global Change Master
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Directory, and NBII Biobot).The National Biological
Information Infrastructure (NBII 2009a) (NBII) Metadata
Clearinghouse (NBII 2009b) consumes the search results as
portlets in their NBII portal web application, which is
another way of displaying the customized search results in
external web pages. One of the partners in the NBII
Clearinghouse, Global Forestry Information Services
(GFIS) (GFIS 2009) is harvesting all the forest related
metadata records as RSS service and exposing those
records through their search system.

Cross-platform external tools reuse

Mercury allows seamless integration with various external
software tools for data visualization, data ordering etc. This
is an important and useful approach to a software reuse.
Mercury not only supports classic data-integration para-
digm, i.e., having a common data format and/or using a
segment of source code, but it also support multi-platform
computing. An example to clarify what this means:
Mercury reuses remotely located Socioeconomic Data and
Application Center (SEDAC)’s Web Map client as a
visualization tool for the user requested data (Fig. 7).
Reusing components like these not only provides additional
data usability options, but also tremendously reduces
duplication of programming efforts, development costs.

Ongoing and future development

Continuous efforts are being made at ORNL DAAC to the
Mercury codebase to improve the quality of the tools and to
expand the scope to add new services. Currently, work is
being done to support various Web services activities such
as Online Web Thesaurus service, Gazetteer web services,
and Open Geospatial Consortium (OGC) Catalog service.
Integration of frameworks such as Open-source Project for
a Network Data Access Protocol (OPeNDAP) (OPenDAP
2009), OpenSearch (OpenSearch 2009) and Search/Retrieval
via URL (SRU), and Web service harvesting and provider
web services are also included in the Future development
plan.

Conclusions

Mercury indexes and searches more than 50,000 metadata
records through its various project specific user interfaces.
Mercury supports various metadata standards including
XML, 7Z39.50, FGDC, Dublin-Core, Darwin-Core, EML,
and ISO-19115. The Mercury system has a completely
reusable open source Service Oriented Architecture and

provides multiple search services including; user interface
search tools, RSS services for search results, bookmark
search results, portlets supports.
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