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ABSTRACT

This paper discusses the development of a prototype search
assistant designed to aid cross-disciplinary searching of Earth
science data. The goal of the project is to provide aids to
help searchers overcome the vocabulary problem: the vo-
cabulary used by the searchers is not the same as that used
by the indexers. The work was motivated by vocabulary is-
sues existing in the EOS Data Gateway (EDG)* at the time
this work began. We describe the status of the project and
give examples of the techniques that we are using. We also
discuss the way in which we are implementing a new search
paradigm, multiple viewpoints, within our prototype.

1. INTRODUCTION

Linking disparate information resources into cohesive feder-
ated information systems involves solving a number of vex-
ing interoperability issues. Even if we adopt unambiguous
standards for required metadata and agree completely on
the semantics, we still have a serious problem in resolving
individual field values. The quality of the information is the
issue.

When investigators try to search the scientific literature in
domains other than their own, they are often faced with an
additional problem: the vocabulary used in the new domain
is unfamiliar to them and they are unable to compose effec-
tive queries. This problem is not confined to the scientific
literature; rather it occurs whenever heterogeneous collec-
tions of information are aggregated into a common informa-
tion resource. We know what we want, but we are often
unable to cast our information need into the proper jargon
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for effective search. We need help in the form of a transla-
tion service that maps our queries into forms more usable in
these other environments. This problem is sometimes called
“vocabulary switching.”

The EOSDIS (Earth Observing System Data and Informa-
tion System) is a multidisciplinary data store. This leads to
difficulties in cross-disciplinary searching due mainly to dif-
ferences in terminology. This may manifest itself in several
different ways. Users may be faced with unfamiliar jargon
when searching in another discipline. They may also use
a term that has a different meaning in another discipline.
Consider, for example, the term “aerosol.” It might refer to
gases only or particulate matter or both. There is no way
a priori to know what a user means by the term, what is
included, or what is excluded. It might also be the case that
the lay term “dust” is used instead and what is needed is
some mapping to the notion “aerosol particulate matter.”
Another example is the term “precipitation.” To some this
is simply a synonym for “rain,” but to others snow, sleet, et
cetera should be included. The specific semantic difficulty
is that the system does not know what the user “intends”
when a specific term is used in a query. To be effective
the system should learn this. The system should provide
the means for discovering, often with user guidance, the in-
tended meaning. The EVOC? project at the University of
Virginia has this goal.

The conventional attack on this problem is to attempt to
enforce a controlled vocabulary for use in searching. This
approach has many shortcomings. History has shown re-
peatedly that conformity cannot be legislated. Neverthe-
less many approaches to this problem rely implicitly on con-
formity. Our approach is to use strategies to mitigate the
problem. We understand that any controlled vocabulary,
however well-intentioned, will slowly grow out of date. Our
approach uses adaptive methods to continuously evolve the
vocabulary to increase its utility for searching.

We illustrate some of the difficulties with an example. We
conducted a search using the EQS Data Gateway at GSFC?
in search of data on “atmospheric pollution.” We were pro-
vided with a search interface that allowed us to enter Earth

*http://www.cs.virginia.edu/~cyberia/EVOC/

3The interface to the EOS Data Gateway has been changed
since this search was performed but the search is still a useful
illustrative example.



science “terms.” A query on “atmospheric pollution” re-
sulted in the following message.

No data sets were found that have terms matching your
query. Try typing in another term or picking from the list
of valid terms.

It is inconceivable that there are no data related to the topic
of our query. However, we were offered no help beyond being
told to try a term from the list of valid terms. “Valid terms”
refers to the controlled vocabulary used to index the datasets
and available to the user as the search vocabulary. Within
the EOS Data Gateway these are known as “valids.” This
is the principal problem: the users may not be familiar with
the valid terms.

When we recast the query as the disjunction “atmospheric;
pollution” we are told: “Found 89 datasets corresponding to
the terms matching your query.” The valid terms (valids)
identified are the following.

ATMOSPHERIC EMITTED RADIATION
ATMOSPHERIC HEATING

ATMOSPHERIC PRESSURE

ATMOSPHERIC STABILITY

HYDROLOGIC ATMOSPHERIC PILOT EXPERIMENT

But, we are not made aware of the valid TROPICAL OCEANS
AND GLOBAL ATMOSPHERE because we have used “atmospheric”
as one of our terms. The term “pollution” does not appear
in any of the valid terms. Apparently we are at a deadend
without some additional knowledge.

A new attack starting with the query “dust” yields two data
sets cataloged under the valid term DUST/ASH. We ask for
“detailed document” for the data set GTE-A3A-TOWER and
reach a page with the link LDAAC-datacenter.html. Af-
ter accessing that document we find in the first paragraph
a reference to “the Measurement of Atmospheric Pollution
from Satellites (MAPS) satellite experiments.” Now there
is indeed a “valid term” MAPS, but clearly it imparts a differ-
ent intuition (i.e., geographic or other kinds of maps), and
moreover it is also a substring of the valid term FAO SOIL
MAPS.

A query on the term MAPS results in 27 data sets, 21 of
which are soil related and irrelevant to our search. So we
are left with 6 data sets that bear on atmospheric pollu-
tion. The document referenced above also made mention of
“aerosols” and that might be a fruitful search direction to try
next. Other possible valid terms are “gas” (GAS EXCHANGE
SYSTEM, NDIR GAS ANALYZER, SOIL GAS, SOIL GAS CHAM-
BER, TRACE GASES) and “particulate” (PARTICULATE MAT-
TER) and, of course, there might be others. The chief dif-
ficulty is that there is really no way to know which of the
valid terms might be fruitful. What is needed is a way to ex-
pand the search vocabulary to encompass a broader range of
terms so that users can express their needs more naturally.
Moreover, this should be done by a process that accretes
metadata incrementally in the normal operation of the sys-
tem rather than requiring expensive manual campaigns to
populate metadata.

There is another interesting detail to note. When we asked
the system for the definition of the data set, MAPS-OSTA3-
CO5X5-HDF, we were told “Measurement of Air Pollution
from Satellites Office of Space and Terrestrial Applications
- 3 (OSTA3) Carbon Monoxide 5 degree by 5 degree data
in Hierarchical Data Format.” So it seems that the “AP”
in MAPS might also be “air pollution” and we should con-
sider that as another search term along with “atmospheric
pollution,” although it too is not a valid term.

Searching should not have to be this laborious. Search
aids are clearly indicated. The process should not hinge
on the persistence and ingenuity of the searcher. The sys-
tem should provide assistance in the form of suggestions,
perhaps learned from earlier user interactions, or perhaps
derived from processing ancillary documentation, or from
both approaches.

The existing search interface (EOS Data Gateway) offers a
list of 785 “valid terms.” These constitute the totality of
the controlled vocabulary. As we have seen the terms are
not complete nor are they intuitive. Many will only be ac-
cessible by specialists. This situation leads to ambiguity in
data requests. More specificity is necessary and a broader
vocabulary is the means to that end. The key is to maintain
relationships between the valid terms (controlled vocabu-
lary) and the newly admitted terms (uncontrolled vocabu-
lary). By this device we believe we can help guide users to
relevant data.

ERB-SCANNER
ERBE-SCANNER
ERBE
ERBE-NONSCANNER
ERBS

(a)

PHOTOSYNTH. ACTIVE RADIATION
PHOTOSYNTHESIS ACTIVE RADIATION

(b)

FIRE OCCURANCE
FIRE OCCURRENCE

(¢)

Figure 1: Examples of types of string variants: (a)
variety; (b) abbreviation; and (c) misspelling.

The list of valid terms suffers from some of the usual prob-
lems with such metadata. Figure 1 gives examples of three
types of problems. Figure 1(a) shows minor variants of the
same concept or its negation while Figure 1(b) and Fig-
ure 1(c) show variation due to abbreviation and misspelling
respectively.

Figure 2 shows another problem that users encounter. The
terms in the vocabulary capture semantic nuances and as
a result are often related in subtle ways. The figure shows
how we are attempting to help users visualize this aspect of
the vocabulary. Using techniques for automating the con-
struction of authority files [6, 7, 8, 10] that we developed in
collaboration with astronomers studying publication trends
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Figure 2: Visualizing the indexing vocabulary.

in their discipline [22, 23, 24], we can build a network of term
relationships. Figure 2 depicts a fragment of this network.
The hope is that users will find related terms by browsing
this vocabulary term network.

So the objective of our work was to build a prototype search
assistant to help guide users to relevant data. The search
assistant has two key aspects. It is preloaded with relation-
ships derived from existing descriptive metadata associated
with each dataset and it will have the capacity to accept
user-suggested relationships. This latter capability may be
explicit: users state relationships, or implicit: the system in-
fers relationships. We have implemented the first capability
into the search assistant; the second is ongoing research.

2. THEVISION

We are building a prototype search assistant for use by EOS-
DIS users. We are creating thesauri for the purpose of ex-
panding the meaningful search vocabulary available to users
by: mining the EOSDIS for descriptive documents related to
each dataset; and building associations between valid terms
and the expanded vocabulary that is mined from the de-
scriptive documents.

Our general approach to search assistance proceeds as fol-
lows. As a user engages in a search session we will have
the system monitor the queries being submitted. If a user
requests assistance, we will use the current query to search
the thesaurus for “similar” terms. The user’s query might
be similar to several term classes so we will need to inter-
actively decide among them by displaying the candidates to
the user and requesting feedback as to the most appropriate

term class(es); that is, the term class(es) that most nearly
capture the user’s intent. The system will take four steps
after this interaction: (1) use the new terms to augment
the user’s query; (2) use the augmented query to search the
metadatabase built by mining the EOSDIS for descriptive
text; (3) display the results of the metadatabase query; and
(4) record the new association in the metadatabase for use
in subsequent term suggestion.

The prototype metadatabase is an auxiliary index formed
during the initial mining phase and maintained incremen-
tally during subsequent insertion of new data into the sys-
tem. It associates terms with datasets, terms that have been
derived from descriptive documentation supplied with each
dataset or that have been explicitly nominated by some hu-
man indexer. Of course there needs to be some editorial
review process and the system will be able to track new ad-
ditions, modifications, or deletions for the purpose of having
them confirmed by some authority before they are actually
accepted. Users can be alerted to the fact that some associ-
ations are provisional if that seems appropriate.

The metadatabase serves to offer term suggestions and to
provide a broader search vocabulary. So-called “valid terms”
can still be used as in the past, but now we can associate
an arbitrary number of new terms to a dataset and bring
the full power of modern information retrieval techniques to
bear on the retrieval problem. We will use inexact matching
techniques, specialized clustering algorithms, and other ma-
chine learning techniques to build and refine the thesaurus
classes maintained in the metadatabase.

To help illustrate our strategy we offer one possible inter-
action scenario based on the example in the introduction.
Suppose a user enters:

atmospheric pollution

The system will respond: There are no terms exactly match-
ing your query. In the past the query,

<MAPS and not (FAO SOIL MAPS)>

was useful in answering a similar query. You might also try:

<AEROSOL>
<air pollution>
<DUST/ASH>

In the example above, things enclosed in < brackets > are
intended to denote links; ALL CAPS denotes valid terms
while lower case is a term from the expanded vocabulary.

One of our approaches is to build an initial thesaurus using
the clustering algorithms that we developed in our author-
ity control work. These algorithms are robust to spelling



variants, spelling errors, transliteration variants, etc. This
initial thesaurus will serve as the starting point for expand-
ing the search vocabulary. At a user’s request we will search
the thesaurus for terms present in the query and display al-
ternative terms for the user’s consideration. The new terms
can be incorporated into the search query at the user’s dis-
cretion. (An example of this is given by the terms AEROSOL,
air pollution, and DUST/ASH above.)

Many users will search in an iterative fashion, reformulating
queries to refine their information needs. We will log this
activity to determine the initial and final queries. Subse-
quent user queries having similar initial formulations can be
informed by the experience of earlier searchers. The system
will provide users the opportunity to view queries that in
the past proved useful given the initial query. Gathering
these relationships, i.e., the association between an initial
query (e.g., “atmospheric pollution” above) and its final for-
mulation (e.g., “MAPS and not (FAO SOIL MAPS)” above),
might be fully automated, might involve human interaction,
or both. We will provide a mechanism for manual interven-
tion and assess the utility of that mechanism in the search
environment.

3. THISWORK IN CONTEXT

Our initial investigation began with an examination of the
EOS Data Gateway interface to NASA’s Earth science data.
The vignette played out in the introductory part of this
paper grew out of direct experience with that interface. It
should be noted, however, that substantial advances have
been made toward the solution of the problems outlined in
the introduction. These solutions have been implemented
in the Global Change Master Directory (GCMD)* interface
to Earth science data[16]. The GCMD is a comprehensive
interface to a much larger array of Earth science data and
includes as a subset the data stored in the NASA Distributed
Active Archive Centers. We describe the functionality of the
GCMD briefly next.

The GCMD maintains a carefully organized set of subject
headings hierarchically organized into: category, topic, term,
variable, and optionally, detailed variable. Each dataset
has one or more subject headings assigned and these are
recorded in the DIF® record associated with the dataset.
An example follows.

Category: EARTH SCIENCE

Topic: RADIANCE OR IMAGERY
Term: INFRARED WAVELENGTHS
Variable: BRIGHTNESS TEMPERATURE

The category, topic, term, and variable components of the
hierarchy constitute the controlled indexing vocabulary. The
detailed variable is the means by which users may extend
the hierarchy. Detailed variables are user assigned and con-
stitute an uncontrolled vocabulary. In addition, users may
assign keywords that they think will be useful in subsequent
retrieval of the datasets. Again, the keywords are not con-

www.gemd.nasa.gov
®Data Interchange Format, a cataloging record that contains
much of the metadata associated with a dataset.

trolled. This philosophy of combining a controlled and un-
controlled indexing vocabulary provides a richer search vo-
cabulary and helps overcome some of the problems identified
earlier.

Part of the problem with the EOS Data Gateway stems from
the way in which it employs the GCMD subject hierarchy.
Rather than adopt the GCMD controlled vocabulary in full,
the developers of the EOS Data Gateway have chosen to
use only the variable component, i.e., the leaf level of the
hierarchy. These indexing terms constitute the “valids” used
by the EOS Data Gateway. This decision results in the loss
of precision and specificity of the indexing vocabulary and
introduces ambiguity.

The GCMD offers Earth science users many different search
strategies. The home page provides a search of the subject
hierarchy together with a carefully organized set of entry
points into the hierarchy that are designed to provide users
with very fast access to a large array of the data. In addition,
the GCMD maintains a number of experimental search in-
terfaces. These are enumerated below together with a sketch
of the associated functionality.

Free-text Search (Isite)

— Navigate by typed-in text.
— Search whole document or specific fields.

— Map applet embedded for spatial search.
e Hierarchical Keyword Search

— Navigate by a hierarchy of keywords.

— Search can be narrowed by a typed in word or
phrase.

— Start from Science Parameters, Location, Plat-
form (Satellite), Instrument (Sensor)

Supplementary Information Guided Search

— Search descriptions of Data Centers, Campaigns
or Projects, Sources(Platforms), and Sensors (in-
struments).

— Point and click only — no typing allowed.

Java Matrix Search Applet
— Preview database contents with 10 different cat-
egories.

— Categories dynamically update as you narrow your
search.

— Instantly view relevant titles while searching.

Query Preview Search Applet

— Preview by Topic, Time, Location
— Refine by Source, Sensor, Data Center

— Several alternative overviews of entire database.
e Advanced Field-based Search

— Navigate via multiple fields.

— Typing allowed.



— Map applet embedded for spatial search.

The performance of the interfaces varies from moderate to
extremely fast.

In addition to these interfaces, the GCMD would like to
integrate a thesaurus capability into its search processes. We
are presently examining ways to access the DLR® thesaurus
from any search interface offered by the GCMD.

Despite its wide array of search interfaces, the GCMD is
constantly pursuing better access to its holdings. The ex-
perimental work reported in this paper is complimentary
to the ongoing GCMD work and will hopefully add useful
functionality in some areas. Thus, the work reported here
constitutes an alternative attack on problems of interest to
the GCMD.

4. ABSTRACTING THE PROBLEM

For our purposes we assume that science users pose queries
of the following general form:

Q=KANPAT.

That is, users are interested in some kind (/C) of data ob-
served at some place (P) at or over some time (7). The spa-
tial (P) and temporal (7) aspects are only pertinent once
you have identified the kind of data of interest. They can be
employed to reduce the space of kinds of data as has been
done by Plaisant et al.[17], but we are not concerned with
that here. In our work the focus is on improving the ability
of searchers to locate relevant data. Accordingly we focus
on improving the effectiveness of (K) with the understand-
ing that spatial and temporal filters may be employed as pre
or post processes.

5. RELATED WORK

Computer systems that depend on words for their correct
operation suffer from the “vocabulary problem” described
by Furnas et al.[9, p. 964].

Many functions of most large systems depend on users
typing in the right words. New or intermittent users
often use the wrong words and fail to get the actions
or information they want.

Simply stated this means that users will often use different
words to access information than the designers of the sys-
tems anticipated. This is particularly acute in information
retrieval systems, where indexers assign terms and searchers
may use other terms. Entire books (c.f. Lancaster[14]) have
been devoted to the topic.

Unfamiliar search vocabularies is a long standing problem in
information retrieval[2]. The difficulty can be compounded
by data quality issues[8].

The use of thesauri to help mitigate this problem dates to
the earliest days of information retrieval systems[13]. A
number of approaches have been proposed for automating

5The German national aerospace research center.

the construction of thesauri (e.g., Crouch[4]), or linking dif-
ferent thesauri[l]. Our approach is centered around “con-
cept spaces.” These have appeared in several guises[3, 21]
over the years. We elaborate our use of concept spaces and
give examples of their use in Section 6.

Another related activity is automatically assigning index
terms from a controlled vocabulary[15] or expanding the
keywords associated with data items (e.g., Garfield and
Sher[11]). Gey et al.[12] have used entry vocabulary in-
dexes (EVI) as a search aid. EVI’s have been investigated
by French et al.[5] for collection selection and document re-
trieval effectiveness.

We also intend to support “vocabulary switching” as dis-
cussed by Schatz[20]. Our approach is to use past user
queries to help disambiguate current queries. This approach
will let users establish a pertinent search context in which
to pose their queries. This aspect of our work is ongoing
and is not the focus of the present paper.

6. OURAPPROACH TO CONCEPT SPACES
The base concepts are as follows. NASA datasets are stored
at Distributed Active Archive Centers (DAAC). These data-
sets record observations from projects and store these obser-
vations as granules which are data files and are the means
of distributing the data to users. The granules often differ-
entiate the data along spatial and/or temporal dimensions.

The datasets are described by subject heading metadata
called valids. The valids are a controlled vocabulary and
are used for searching within EOSDIS.

6.1 Our Modd

DEFINITION 1. A wvalids-set, V = {v1,va,...,vx}, 15 the
set of valids assigned to a dataset.

DEFINITION 2. DSy = {DS1,DSs,..., DSy} is the set of
datasets labelled by the valids-set V.

DEeFINITION 3. The similarity of DSs and DSt the sets
of datasets labelled by valids-sets S and T respectively is
given by
|SNT|
|[SsuT|

sim(DSg, DSrt) = sim(S,T) = 1)

Equation 1 is the Jaccard coeflicient of similarity and mea-
sures the proportion of valids that the two datasets have in
common. Here we are assuming that

sim(s,t) :{ ! 1fs=t‘

’ 0 otherwise

where s € S and t € T are individual valids. This supports
exact matches among the valids. We can also to loosen this
requirement to include partial matches among the valids.
In that case we consider similarity coefficients like edit dis-
tance, e(s,t), or Jaccard coefficient, J(s,t), where each valid
s and t is now treated as a set of words.



For our purposes, a concept space is an m-dimensional index
space induced by a vocabulary of m indexing terms. Each
indexed item is represented as a vector in this space. We
are using the term “concept space” in preference to “vector
space” to differentiate multiple spaces in which we concep-
tualize the datasets differently.

We are specifically interested in a free text space, t-space,
and a valids space, v-space. The free text space is derived
from descriptive text passages associated with datasets. The
valids space is determined by the EOSDIS valids assigned
to the datasets. Note that all the objects of interest to
us (queries, datasets, and valids) are representable in each
space. An example of each is given below.

6.2 Multiple Viewpoints

In earlier work, Powell and French[18] have demonstrated
the potential of multiple viewpoints to increase retrieval ef-
fectiveness by enhancing the discovery process. We have
explicitly provided a mechanism in our prototype for switch-
ing from a t-space search to one in v-space to examine the
hypothesis that retrieval effectiveness can be improved by
searching initially in one space and then switching to the
other. The notions of ¢{-space and v-space are made more
concrete in the following sections.

6.2.1 t-space

We constructed a text space (t-space) by associating de-
scriptive texts with datasets and then using the vector space
model (VSM) of information retrieval[19]. In the VSM we
represent an object, O; as a vector, (wi1, Ws2, ..., Win ), i an
n-dimensional term space derived from the terms in all the
objects. The vector component, w;;, is a weight represent-
ing how well term j characterizes object i. We use a t f x idf
weighting strategy where weights have the general form

N
df;’
Here t f;; is the term frequency of term j, that is, how often
term j occurs in object ¢. The denominator, df; is called

the document frequency of term j and denotes the number
of objects containing at least one instance of term j.

wij = tfij -

In our early experiments we associated descriptive texts
from two sources with each dataset resulting in two dis-
tinct t-spaces. In the first we used selected sections from
the Guide documents describing each dataset.” For the sec-
ond we used the dataset summary taken from the DIF entry
associated with each dataset. These two sources resulted in
spaces with different properties. We are currently evaluat-
ing both for their suitability in the final search assistant. An
example of a query in each space is shown below.

Figures 3 and 4 show the results of processing the query at-
mospheric pollution in the Guide-generated® and DIF-gener-
ated t-spaces respectively. Each search result is a ranked
list of datasets. Although they produce different results,

"Guide documents are texts that serve as dataset documen-
tation. These documents are available online.

8The sixth entry in Figure 3 has been truncated manually
to include more entries in the space allowed for the figure.

both strategies suggest data pertaining to atmospheric pol-
lution. In Figure 3 the first and second ranked datasets are
MAPS (Measurement of Atmospheric Pollution from Satel-
lites) data. The first five ranked datasets in Figure 4 are
MOPITT (Measurement of Pollution in the Troposphere)
data, while the sixth and seventh ranked datasets are MAPS
data. Both strategies suggest potentially relevant datasets,
an improvement over the initial query response asserting
that no data exists.

The Guide-generated ¢-space (Figure 3) often shows multiple
datasets at each rank. This is because a Guide document
often describes multiple datasets, and therefore we derive
the same internal representation (vector) in the ¢-space for
these datasets. This situation does not occur in the DIF-
generated t-space (Figure 4) because we have a single DIF
for each dataset. However, if two DIFs have the same sum-
mary section, their associated vectors will be the same.

Note that each figure shows the valids associated with each
ranked dataset. This is to enable a transition from the t-
space to the v-space described in the next section.

6.2.2 «v-space

We form the v-space by creating a vector, (vi,va,...,Un),
for each dataset where vy = 1 if valid k is assigned to the
dataset. We use the Jaccard coefficient given in Eqn. 1 to
measure similarity in the v-space.

As stated in the last section, the valids associated with a
dataset are used to transition from the t-space to the v-
space. Figure 5 shows an example where the v-space has
been entered with a focus on dataset D;. We show the five
most similar datasets to D; in the figure. The following con-
ventions are used in Figure 5. ALL CAPS in the “matched”
field of Dy, indicates a term that has been assigned to both
D; and Dy; lowercase indicates a term that is assigned to
D; and not Dy. The “unmatched” terms are those assigned
to Dy and not to Dj.

The user can select any dataset shown and “refocus” atten-
tion in the space to that dataset. In this way it is possible to
explore neighborhoods of a dataset for other relevant data.

Note that we can represent individual valids in the ¢-space.
By this device we can provide a transition to the t-space
from the v-space. We can also enter the t-space via the
current dataset under focus in the v-space. Both these en-
try mechanisms into the t-space can be used to support a
multiple viewpoint interaction.

7. CONCLUSION

We are building a prototype search assistant with NASA
support to help Earth science users deal with vocabulary
problems in the EOS Data Gateway, that is, when the in-
dexing vocabulary is unfamiliar to the searcher. We have
described the status of our prototype and discussed a novel
interaction paradigm called multiple viewpoints[18] which
lets users investigate the system holdings via different in-
dexing spaces.

‘We hope to improve search efficiency and effectiveness for
end users, and hence, increase scientific productivity. We



expect that searchers will have an easier time locating data,
and in some cases, we expect that searchers will find data
that they might never have located without the search as-
sistant.

It is also important to reiterate that this process accumu-
lates metadata incrementally in the normal operation of the
system rather than requiring expensive manual campaigns
to populate metadata. This approach keeps the system cur-
rent even in the face of declining budgets. Our prototype
work has taken steps in this direction. We still need to eval-
uate the effectiveness of the system and that promises to be
a significant challenge.

We are also collaborating with the GCMD to make this
search assistant available to Earth science users through one
or more of its existing interfaces and hope that we can con-
tribute to the large body of work already done by the GCMD
to solve the vocabulary problems faced by its users. In the
end we hope that we will help enable EOSDIS to be the
foundation upon which more and better science will be con-
ducted.
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Search terms: atmospheric pollution

1: 0.23

dataset: MAPS_OSTA3_COSEC_HDF_STS-41-G_GFC RADIOMETER
MAPS_SRL1_COSEC_HDF_STS-59_GFC RADIOMETER
MAPS_SRL2_COSEC_HDF_STS-68_GFC RADIOMETER

valids: CARBON MONOXIDE;

2: 0.23

dataset: MAPS_OSTA3_CO5X5_HDF_STS-41-G_GFC RADIOMETER
MAPS_SRL1_CO5X5_HDF_STS-59_GFC RADIOMETER
MAPS_SRL2_CO5X5_HDF_STS-68_GFC RADIOMETER

valids: CARBON MONOXIDE;

3: 0.11
dataset: CZCS LEVEL 1 FULL RESOLUTION_NIMBUS-7_CZCS
valids: RADIANCE;

4: 0.11

dataset: CZCS LEVEL 1A GAC_NIMBUS-7_CZCS

valids: RADIANCE;

dataset CZCS LEVEL 2 BROWSE_NIMBUS-7_CZCS

valids: PIGMENTS;

dataset: CZCS LEVEL 2 GAC_NIMBUS-7_CZCS

valids: AEROSOL RADIANCE; LIGHT ATTENUATION; PIGMENTS; WATER-LEAVING RADIANCE;

5: 0.10
dataset: CZCS LEVEL 3 DAILY PST_NIMBUS-7_CZCS
CZCS LEVEL 3 MONTHLY COMPOSITE PST_NIMBUS-7_CZCS
CZCS LEVEL 3 MONTHLY COMPOSITE_NIMBUS-7_CZCS
CZCS LEVEL 3 WEEKLY PST_NIMBUS-7_CZCS
valids: AEROSOL RADIANCE; PIGMENTS; LIGHT ATTENUATION; WATER-LEAVING RADIANCE;

6: 0.09

dataset: TARFOX_UWC131A_UW C131_CLOUD CHAMBER

valids: CLOUD CONDENSATION NUCLEI; NUCLEATION;

dataset: TARFOX_UWC131A_UW C131_ETHENE CHEMILUMINESCENCE
valids: 0ZONE;

dataset: TARFOX_UWC131A_UW C131_FSSP

valids: DROPLET CONCENTRATION/SIZE;

7: 0.09
dataset: ERS-1 SAR IMAGES
ERS-1 SAR IMAGES

FULL RES_ERS-1_AMI-SAR; SAR; RADAR

LOW RES_ERS-1_AMI-SAR; SAR; RADAR
ERS-2 SAR IMAGES - FULL RES_ERS-2_AMI-SAR; SAR; RADAR
ERS-2 SAR IMAGES - LOW RES_ERS-2_AMI-SAR; SAR; RADAR

valids: RADAR CROSS-SECTION; RADAR BACKSCATTER; RADAR IMAGERY;

Figure 3: Datasets returned for the query “atmospheric pollution.” The dataset representations were mined
from Guide documents.



Search terms: atmospheric pollution

1: 0.23
dataset: MOPITT Level-3 Data (Gridded CH4 Total Colummn): MOPO5
valids: METHANE;

2: 0.22
dataset: MOPITT Level-3 Data (Gridded CO Total Column): MOPOQ7
valids: CARBON MONOXIDE;

3: 0.22
dataset: MOPITT Level-3 Data (Gridded CO Mixing Ratios): MOP06
valids: CARBON MONOXIDE;

4; 0.22
dataset: MOPITT Level-2 Data from EOS Terra (MOP02)
valids: CARBON MONOXIDE; METHANE;

5: 0.20
dataset: MOPITT Level-1 Data from EOS Terra (MOPO1)
valids: AEROSOL RADIANCE; OUTGOING LONGWAVE RADIATION; INFRARED IMAGERY;

6: 0.14

dataset: Measurement of Air Pollution from Satellites (MAPS)
Space Radar Laboratory - 1 (SRL1) Carbon Monoxide
Second by Second data

valids: CARBON MONOXIDE;

7: 0.14

dataset: Measurement of Air Pollution from Satellites (MAPS)
Space Radar Laboratory - 1 (SRL1) Carbon Monoxide
5 degree by 5 degree data

valids: CARBON MONOXIDE;

8: 0.11

dataset: Priority Programme for China’s Agenda 21

valids: AGRICULTURAL RESOURCES; ENVIRONMENTAL INDICATORS; INDUSTRIAL
RESOURCES; AGRICULTURAL EQUIPMENT; FARM STRUCTURES; CROPPING SYSTEMS;
DAIRY PRODUCTS; LIVESTOCK PRODUCTS; POULTRY PRODUCTS; ANIMAL
MANAGEMENT SYSTEMS; FIELD CROPS PRODUCTS; FRUIT PRODUCTS;
HORTICULTURAL PRODUCTS; VEGETABLE PRODUCTS; AGRICULTURAL ECONOMICS;

9: 0.09
dataset: Directory of EuroMAB Biosphere Reserves
valids: CLIMATE CHANGE; LAND CHARACTERISTICS;

10: 0.09
dataset: Atmospheric Profiles: TOVS - NOAA (FIFE)
valids: OZONE; ATMOSPHERIC PRESSURE; AIR TEMPERATURE; CLOUD AMOUNT;

Figure 4: Datasets returned for the query “atmospheric pollution.” The dataset representations were mined
from DIF entries.



D1: 1.000
Matched:
AEROSOL EXTINCTION; AIR TEMPERATURE; CARBON MONOXIDE; METHANE;
NITROGEN DIOXIDE; NITROGEN OXIDES; NITROUS OXIDE; OZONE; TRACE
WATER VAPOR;
D2: 0.800
Matched:
AEROSOL EXTINCTION; AIR TEMPERATURE; carbon monoxide; METHANE;
NITROGEN DIOXIDE; NITROGEN OXIDES; nitrous oxide; 0ZONE; TRACE
WATER VAPOR;
DO: 0.643
Matched:
AEROSOL EXTINCTION; AIR TEMPERATURE; carbon monoxide; METHANE;
NITROGEN DIOXIDE; NITROGEN OXIDES; NITROUS OXIDE; OZONE; TRACE
WATER VAPOR;
Unmatched:
altitude; chlorine nitrate; chlorofluorocarbons; nitric acid;
D13: 0.545
Matched:
aerosol extinction; AIR TEMPERATURE; carbon monoxide; methane;
NITROGEN DIOXIDE; NITROGEN OXIDES; nitrous oxide; 0ZONE; TRACE
WATER VAPOR;
Unmatched:
nitric acid;
D11: 0.500
Matched:
aerosol extinction; AIR TEMPERATURE; carbon monoxide; methane;
NITROGEN DIOXIDE; NITROGEN OXIDES; nitrous oxide; 0ZONE; TRACE
WATER VAPOR;
Unmatched:
geopotential height; nitric acid;
D7: 0.417
Matched:
aerosol extinction; AIR TEMPERATURE; carbon monoxide; METHANE;
nitrogen dioxide; NITROGEN OXIDES; NITROUS OXIDE; ozone; TRACE
water vapor;
Unmatched:
chlorofluorocarbons; nitric acid;

Figure 5: Similar datasets in v-space using Jaccard coefficient. Fifteen datasets have nonzero similarity to
dataset D;; only the first five, {D2, Do, D13, D11, D7}, are shown here. ALL CAPS in the “matched” field of Dy,
indicates a term that has been assigned to both D; and D;; lowercase indicates a term that is assigned to
D; and not Dj. The “unmatched” terms are those assigned to D; and not to D;. The value of the Jaccard

coefficient is also shown.
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