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Abstract

Geospatial data includes many formats, varying from historical paper maps, to digital information
collected by various sensors. Many libraries have started the efforts to build a geospatial data portal
to connect users with the various information. For example, GeoBlacklight and OpenGeoportal are
two open-source projects that initiated from academic institutions which have been adopted by
many universities and libraries for geospatial data discovery. While several recent studies have
focused on the metadata, usability and data collection perspectives of geospatial data portals, not
many have explored the backend stories about data management to support the data discovery
platform. The objective of this paper is to provide a summary about geospatial data management
strategies involved in the geospatial data portal development by reviewing related projects. These
data management strategies include managing the historical paper maps, scanned maps, aerial
photos, research generated geospatial information, and web map services. This paper focuses on the
data organization, storage, cyberinfrastructure configuration, preservation and sharing perspectives
of these efforts with the goal to provide a range of options or best management practices for
information managers when curating geospatial data in their own institutions.
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Introduction

In United States, academic libraries began to provide geospatial datasets to their users from the
1990s when the census materials were given to depository libraries as TIGER (Topologically
Integrated Geographic Encoding and Referencing) files (Gabalddn and Repplinger, 2006). The way
how these datasets were managed and distributed by libraries depends on how they were acquired.
In the early years, as these government datasets were distributed as part of the depository program,
they arrived libraries as CD-ROMs (Abbott and Argentati, 1995). The datasets can be managed by
libraries from their cataloging systems as same as any other electronic resources. As the ARL
Geographic Information Systems (GIS) literacy program introduced more librarians GIS skills, library’s
GIS service expanded and reached more information users (Association of Research Libraries, 1999).
Since then, academic libraries started to include more geospatial datasets into their collection
development. The management and access to these geospatial data was one of the key challenges
that librarians face. Many academic libraries have purchased computer hardware and software to
store and manage these datasets, and provided users data access via library visits (Boissé and
Larsgaard, 1995).
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During the past decade, as technology evolves and the library’s geospatial data collection expands,
libraries began to explore new ways to provide access to geospatial information. Several reasons
have contributed to this information access change. First of all, library’s geospatial data collection
has expanded to include a great variety of datasets, from the government datasets to proprietary
datasets, including generic GIS files, scanned or georeferenced maps, regional collected aerial
photos, as well as research data collection (Longstreth et al., 1995; Bennett and Nicholson, 2007;
Newton, Miller and Bracke, 2010). Since these data are scattered in different server spaces, it is
difficult for geospatial information users to find their interested datasets. There is a need to have an
inclusive geospatial information catalog serving for an easy data discovery. Secondly, the datasets
previously distributed from the depository program became available online as public domain data.
Often these data were difficult to find and difficult to use, so libraries began to provide links and
general guides of using these datasets instead of directly managing them (Morris, 2006). Finally, the
development of GIS industry has made it possible to distribute maps and geospatial datasets via web
services instead of on-site visits.

As a logical response, many academic libraries started to develop geodata portal to facilitate
federated search across different data provider services. Examples include the INSIDE Idaho project
at University of Idaho, the Scholars Geoportal project at Ontario Council of University Libraries, and
the Open Geoportal federation project initiated at Tufts University (Kenyon, Godfrey and Eckwright,
2012; Florance et al., 2015; Trimble et al., 2015). Geoportals provide a gateway to discover and
access geographic information. With an effective design, users can discover their interested
geospatial datasets from multiple data providers by a map, as well as a keyword or faceted search.
Geoportals can improve data access and sharing between libraries, public domain platforms, as well
as any other data providers, and greatly foster geospatial data discovery and usage.

However, academic libraries are facing many challenges in creating the geoportal. These challenges
include how to choose and create the cyberinfrastructure for the geoportal development; how to
effectively organize the geospatial metadata and develop the data catalog to support the geoportal;
how to manage the library’s datasets; and the portal usability design. Many studies have explored
different aspects of these challenges, such as the geospatial data catalog, metadata schema, portal
federation, and usability (Kollen et al., 2013; Hardy and Durante, 2014; Florance et al., 2015; Blake et
al., 2017). Among these challenges, my research interest is particularly focused on how to manage
the ever increasing datasets in the library’s environment, so that the information can be well
organized and preserved to serve as a reliable node for the geoportal. In this paper, | collected data
management information from two different sources, including existing geoportal systems and
OpenGeoportal participating institutions, in order to learn about the data management practices in
different cases. With this information, | hope this paper will be a reference to help librarians to
understand the current status, technology and major challenges about managing geospatial data.

Background

Geospatial data refers to the wide variety of datasets that have a geographic component, and that
can typically be viewed as representing a portion of the Earth’s surface in some way. Different with
other electronic resources in library’s collections, geospatial data are notoriously difficult to manage
due to the following reasons. First, geospatial data doesn’t have a uniform data model. It includes
both vector and raster datasets and might reside in complex, multi-file objects. Many file formats
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used to store this information are proprietary and are linked directly to the version of the program in
which they were designed. Especially in recent years, many of these data are being stored in
relational geodatabases requiring sophisticated storage and archiving schemes (Janée, 2009).
Second, geospatial data are often quite large with datasets commonly having gigabyte granularities
and with some datasets growing by terabytes per day. The geospatial data collection efforts are on-
going and long-lived programs. Due to the improved sensor technologies, geospatial data are
increasing exponentially during the last decade (Chuck Killpack, 2011). The GIS data libraries are
challenged by the increased requirements to collect, curate, and make available more data and
services than ever (Goldberg et al., 2014). Third, geospatial metadata may be voluminous because
the associated technology and how it has changed over time need to be documented, which is
difficult to find or not included with other information about the file itself (Erwin and Sweetkind-
Singer, 2009).

Geoportal provides an effective way to exchange and sharing the complicated geospatial datasets
between people and organizations. Academic libraries have started their efforts to adopt the
geoportal technology into their own discovery tools, such as the development of the Alexandria
Digital Library project (Smith and Frew, 1995) and the G-portal project developed at Singapore (Lim
et al., 2002). In recent years, these efforts were boosted by the open source development concept,
which allows more institutions to participate and contribute into the development of a single
geoportal, such as the Open Geoportal federation and the GeoBlacklight community (Florance et al.,
2015; Battista et al., 2017).

Geoportal is developed and implemented using three distributed components: a discovery interface
or portal connecting to the metadata catalog; a set of web services which comply with existing
standards for describing, accessing and exchanging digital data; and a data management system
which provides a managed environment for both raster and vector geographic contents as shown in
Figure 1 (Maguire and Longley, 2005; Tait, 2005). The first component is related to geospatial
metadata. There are existing metadata standards such as ISO 19115 and FGDC (Federal Geographic
Data Committee) content standard to describe geospatial information. Although challenges exist
when document metadata using these standards and transform metadata records between the
standards and library’s generic metadata formats, many studies have addressed these issues and
provided best management practices or crosswalk (Nogueras-Iso, Zarazaga-soria and Muro-
medrano, 2005; Batcheller, 2008; Hardy and Durante, 2014). Starting from 2014, a GitHub
repository, OpenGeoMetadata, emerged as an online space for libraries to share their geospatial
metadata in an open, standards-agnostic way and has become an essential piece of infrastructure
for building cross-institutional catalogs (Battista et al., 2017; OpenGeoMetadata, 2018). It greatly
fostered the collaboration between individual libraries. The majority of OpenGeoMetadata
represents geospatial data objects held within the respective institution’s repository as well as
records extracted from government open data portals.

The second component is about standard web services. Standards specify communication protocols
between data servers that provide geospatial datasets. They are used to ensure interoperability of
different datasets (Strain, Rajabifard and Williamson, 2006). Several technical standards defined by
the Open Geospatial Consortium (OGC) and the World Wide Web Consortium (W3C) play an
important role in the dissemination of geospatial data (Bocher and Martin, 2012). For example, OGC
has specified geospatial data delivery standards including Web Mapping Service (WMS), Web
Feature Service (WFS) and its transactional equivalent (WFS-T), and the Web Coverage Service (WCS)
(OGC, 2013). Specifications developed by the W3C for data dissemination include HTML, XML, SVG,
SOAP, WSDL, etc. Libraries should consider to adopt these standards as much as possible when
designing their geospatial data management systems so that data could be shared in an
interoperable environment.
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Figure 1. Components of a Geoportal infrastructure.

The third component of geoportal, which will be further discussed in this article, is a data
management system. A geoportal is only as good as the information that is published through the
site. Thus, it is essential to keep the datasets reliable, appropriate, and professionally maintained
(Tait, 2005). In order to effectively share the datasets, we need to design the spatial data
management infrastructure compatible with the existing standards. Many researches in the
geographic information science has explored the efficiency of geospatial web services, which will
provide great insights for building the data management system (Yang et al., 2006; Li et al., 2015).
Academic libraries has also explored to manage geospatial data via their institutional data
repositories (Newton, Miller and Bracke, 2010; Durante and Hardy, 2015). We will explore the data
management options in various projects and analyze the capabilities offered by each option.

Geoportals have been existing outside of library’s domain ever since 1990s (Tait, 2005). Government
organizations or multi-institution projects have been using geoportal as a way to facilitate data
access and sharing for various reasons. Initiated from government organizations, the United States
National Spatial Data Infrastructure (NSDI) released the Geospatial One-Stop (GOS) geoportal in
2003, which aims to promote coordination and alignment of geospatial data collection and
maintenance among all levels of government. In Europe, the INSPIRE geoportal intends to be
Europe’s Internet access point for geospatial data discovery, access and services (Crompvoets and
Wachowicz, 2004). To facilitate multi-organizational project data sharing, different geoportals have
been implemented for marine administration, forest management, countryside development, and
biodiversity research (Askew et al., 2005; Strain, Rajabifard and Williamson, 2006; Flemons et al.,
2007; Mcinerney et al., 2012). Examine the data management solutions in these projects as well as
in the current library’s practices would provide great insights for librarians to manage the expanding
geospatial datasets.
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Methods

In order to learn about the data management strategies in different geoportal projects, | have
reviewed articles about geoportal project development. The data management portion of these
projects has been analyzed and compared in order to generate useful references for librarians. Since
different articles introduced their projects from different aspects, the data management solutions
were not introduced in consistent details and procedures. Some of these papers focused on the
planning stage of the project, while others focused on the geoportal outcome and assessment. |
integrated the information extracted from planning concerns and assessment results, then
summarized as the considerations that librarians should take in designing their geospatial data
management system. | also listed possible options librarians could take, followed by specific
examples in non-library and academic library settings.

In addition, | reviewed the metadata records contributed from OpenGeoportal community, and
analyzed the online data link properties managed by different contributors in order to learn about
the data management practices in each participating institution. With this information, | hope this
paper will help readers to understand the current status, technology, and major challenges about
managing geospatial data in academic libraries.

Results

Designing the Spatial Data Management Strategies

In the many existing geoportal development projects, two of them focused or introduced the
planning stage of their projects. The needs assessment is essential as the first step to design a
geospatial data management system. The purpose of such an assessment is to help understand the
program goal, geospatial data properties, existing systems, expected GIS functionalities, etc., so that
the data management system could be designed around these information. Smith et al. (2015)
documented a needs assessment process that applied to one of the geospatial programs in National
Park Service, which provided a comprehensive and logical workflow for the data system
administrators and developers. In library setting, Shell Australia Technical Library has also conducted
a very detailed initial assessment when designing the data management system, which includes the
details about file size, data lifecycle, file formats, and management needs.

There are several considerations in designing the data management solutions for geoportal. First,
how data will be organized, maintained and updated in the system? The data management portion
of many geoportal projects intends to create a centralized system to store, describe, and manage
the datasets from multiple sources. Planning for such a system requires to set up common practices
for data formats, data organization rules, metadata schema and content standard. In addition, the
different license agreements for various datasets need to be considered and access policy need to
be designed in order to disseminate the data to appropriate user groups. Some projects also require
the geospatial datasets to be maintained or updated on time to ensure the users can access the
latest datasets. In those cases, a centralized enterprise infrastructure with version control is needed.

The second consideration is about the expected functionality for the data service, such as data
downloading, visualization, and additional mapping functions. The most common function for many
geoportal projects is downloading the datasets and simple metadata. Some portals were designed
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with a map preview function either as a thumbnail image or an interactive map so that users can
have an idea about the datasets before downloading (Schwarb et al., 2011; Trimble et al., 2015). As
the geographic analysis expands from its primary domain of geoscience to a broad range of
disciplines, the new user groups need to access geospatial data collections in the way that reflects
the current environment of web-based research and publishing activities (Durante and Hardy, 2015).
So, web-based spatial visualization became a common requirement in the recent year’s geoportal
development. The Spanish National spatial data infrastructure has monitored the different types of
visits on their geoportal. According to their reports between 2009 to 2012, the data visualization
functionality was the most visits, which composed more than 80% of their yearly visits. Data
downloading service was the second most visit type. In addition to data visualization and
downloading, some geoportals also offer GIS functions such as location or attribute based query
within datasets, data format conversion, projection conversion, etc. (Smith et al., 2015; Trimble et
al., 2015). These additional requirements indicate that web-based map service is a must-to-have
function in their portal, which requires a relational database management system (DBMS) and a
spatial database engine to extend the functionality of the datasets and operate geospatial industry
standards.

Finally, long-term preservation is another consideration for a data management system. Although it
is not a frequently mentioned topic in most of the prevailing geoportal projects, it was studied in
library-centered data management systems and the long-standing data programs such as the
datasets managed by NASA (U.S. National Aeronautics and Space Administration) (Sweetkind,
Larsgaard and Erwin, 2006; Durante and Hardy, 2015; Khayat and Kempler, 2015; Beaujardiere,
2016). The long-term preservation requires a well-designed technical architecture which is usually
independent with the routine geospatial data management system. Most of these projects have
designated data repository as their preservation solution, and set up a set of preservation protocols,
including format registry (to ensure the data format could be used for a long-term), metadata
documentation, rights management and contracts, as well as collection management.

Spatial Data Management Options

Based on the current technology, there are many options that librarians could take in order to
develop their data management system. Delivery of spatial data over the Internet can be realized in
various ways ranging from data transmit via emails to OGC standard web services (Crompvoets et al.,
2004). While a simple file structure could serve for the purpose, many organizations have chosen a
spatial DBMS because it offers extended visualization, mapping, and GIS capabilities. The major
proprietary options of spatial DBMS include Oracle 10g Spatial and the Esri enterprise geodatabase
which needs to be implemented on top of an enterprise DBMS choice, such as Microsoft SQL. These
options provide most of the OGC standard web services and have been widely adopted in many U.S.
government agencies and big organizations. The largest user base in free and open source software
(FOSS) market is PostGIS, which adds spatial data types and analysis functions to the FOSS database
PostgreSQL (Bocher and Martin, 2012). Comparisons with proprietary spatial DBMS show that
PostGIS is a comparable alternative when considering functionality, robustness, support and price.
Other FOSS spatial DBMS include MySQL Spatial extension which adds spatial support to MySQL, and
the Spatialite project for SQLite.
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Data Management Solutions in non-Library Geospatial Projects

In the non-library setting, there are two major kinds of geospatial data management approaches —
file management system and spatial DBMS. The file management system is implemented by a
metadata inventory which organizes the detailed information about each dataset in a centralized
database. The file could be accessed by FTP, ODBC, or HTTP protocols. This approach is usually
adopted in two extreme cases, either the datasets are simple and consistent enough to manage
(Ganor, 2017) or the datasets are distributed on multiple servers in very different formats which is
impossible to centralize them in one unified system (Tsontos and Kiefer, 2002; Johnson, 2017).

Spatial DBMS is used in most of the geospatial projects because of the additional spatial
functionalities, especially the scientific visualization capability. One major kind of implementation is
the FOSS option which includes PostGIS and Geoserver. Examples of this kind of implementation
include the Forest Data Portal project at European countries (Mcinerney et al., 2012) and the Tioga
project which intends to provide data management for scientific visualization as part of the Global
Change Research Project (Stonebraker et al., 1993). The other major implementation is the adoption
of Esri products including ArcGIS Server and SQL database as discussed by many U.S. and European
geospatial portal projects (Maguire and Longley, 2005; Porcal-Gonzalo, 2015).

There are cases that more customized data management system needs to be developed in order to
fit the projects’ needs, especially in the case of handing big data. In one of the NASA’s remote
sensing data preservation projects, a customized system was developed based on Flexible Extensible
Digital Object Repository Architecture (Fedora), which is a digital repository addressing the data
management aspects of university and institutional libraries (Khayat and Kempler, 2015). NOAA
managed its big data projects by exploring cloud-based infrastructure options including providers
from Amazon, Google, IBM, Microsoft and Open Cloud Consortium. NOAA not only used these cloud
service as storage spaces, but also explored additional functionalities from these platforms such as
the Unified Access Framework that improved the discoverability and accessibility of regularly
gridded data and the Dataset Identifier Project which assign DOls to archived datasets (Beaujardiére,
2016).

Data Management Solutions in Library Geospatial Data Projects

The data management system in academic libraries varies a lot, ranging from CD-ROMs, library
maintained workstations to enterprise database. Serving for the purpose of geoportal, libraries
mainly use spatial DBMS or institutional data repository as the options to manage their geospatial
data collection.

More than a dozen of academic libraries have implemented OpenGeoportal project in their
institutions (OpenGeoportal Community, 2017). OpenGeoportal provides data visualization and
download functions for its users. Serving for spatial visualization purpose, libraries have the options
to use either PostGIS and Geoserver technology stack, or Esri enterprise. Or, libraries can have the
option of not providing the map preview. For the data download function, libraries can choose to
provide data via Geoserver’s processing function, or FTP/HTTP file transfer protocols, or through
other data transfer format. Libraries can also build in their physical map collection into the system
and provide the call number from the portal. In the next section, metadata shared from participating
institutions will be further analyzed to review the data management options from each institution.
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The INSIDE Idaho project uses SQL database for data management and ArcGIS server for web map
visualization (Kenyon, Godfrey and Eckwright, 2012). In the Florida Geographic Data Library project,
data quality assurance/quality control (QAQC) was a major concern in the project design. Spatial
DBMS, more specifically, ArcGIS products and Oracle database were selected because the QAQC
process is relatively complex and the DBMS provides an excellent environment to store, manage and
relate information about the QAQC process (Goodison, Guillaume thomas and Palmer, 2016).

Drawing upon the increased needs of data management in academic libraries, digital repository is an
excellent option for geospatial data management. There are several advantages of choosing data
repositories for the geoportal purpose. First of all, many academic libraries already have digital
repositories in their institution which accept geospatial datasets, so there is no additional
requirement to create a new data infrastructure. Second, digital repository could include a wide
range of dataset formats, which fits the requirements of geospatial data especially for collections
from multiple sources. Third, digital repository manages dataset as distinct object which includes
metadata, access policy and long-term preservation services. However, in order to visualize the
spatial data from the portal, additional visualization function has to be developed and additional
infrastructure such as a GIS server has to be added. Examples of this kind of option include the Geo-
Hydra project at Stanford University and the geoportal developed by the Ontario Council of
University Libraries in Canada (Durante and Hardy, 2015; Trimble et al., 2015).

Spatial Data Management in OpenGeoportal Community

The participating institutions in the OpenGeoportal community shared their metadata database via
the portal. | analyzed all the metadata records with an online link to understand the data
management strategies in each institution. By the time we harvest the metadata for this analysis,
there are 44,603 records with online link information. Among them, 75% records are geospatial
information shared publicly, and the other 25% are restricted information only available to the
specific institution or group of users. The participating institutions and their shared records are
shown in Figure 2.
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Figure 2. OpenGeoportal Participating Institutions and the number of records in their collections.
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Figure 3 shows the data type of all the records discussed above . Overall, about half of the records
are vector files saved as polygon, line or point type. Ten percent of the records are raster files, and
another ten percent are scanned maps. Twenty-five percent are defined as paper maps. Five percent
are undefined library records with an established web link. It must be pointed out that due to the
limitations on metadata content standard, institutions might define their data type very differently.
For example, “paper map” in Harvard University refers to those georeferenced paper maps which
are available online as a web map; while in MIT literally refers to the library’s physical paper map
collection with metadata information existing in library’s record system.

Data Type within the OpenGeoportal
Undefined | | CD-ROM/DVD
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Polygon
27%
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Scanned Map 13%
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10% 10%

Figure 3. Different types data registered in the OpenGeoportal community.

In order to learn about the data management practices in each institution, | further analyzed the
preview and download link for each vector and raster datasets (including the scanned or paper map
records which refer to georeferenced datasets) managed by different institutions. Figure 4 shows
the type of primary data links from each institution. The majority of the institution chose to use OGC
standard web services, WMS, WCS, or WFS to disseminate their datasets online. WMS is especially
the most popular choice and became the dominate type in many universities such as Harvard, MIT,
Stanford and University of Arizona. Most of the institutions using these OGC standards manage their
data using GeoServer and PostGIS database. Other than that, PASDA (Pennsylvania Spatial Data
Access), Purdue, and a small portion of records from University of Minnesota use web services
offered by ArcGIS server to manage their geospatial datasets, including Esri web map services, web
feature services, and image services. A big portion of the records managed by United Nation’s Food
and Agriculture Organization (FAO) are managed by Geonetwork. GeoNetwork is a catalog
application to manage spatially referenced resources, and was started in 2001 as a Spatial Data
Catalogue System for the FAO. Without a spatial database engine, geospatial data can still be
managed and transferred in a zip file format for users to download. The downloadable zip file via FTP
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or HTTP(S) is also a commonly used method within the community and it is at least used by five
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Figure 4. Data management strategies managed by different institutions.
Discussion

Managing geospatial data is never an easy task. A well-designed data management system along
with good metadata practices are essential for academic libraries to manage the great variety of
geospatial datasets. Visualizing the spatial data using a web interface will be the trend for general
information users, as geospatial information is expanding across disciplines (Kong, Zhang and
Stonebraker, 2014). This requires libraries to serve these datasets as web map services. To fulfil this
need, libraries will need to maintain the geospatial datasets beyond their original formats and start
to build spatial DBMS and spatial database engines such as GeoServer or Esri ArcGIS Engerprise to
implement these services. In order to provide these map services in a stable, immediate, and up-to-
date fashion, libraries will need a lot of management efforts to explore and compare different
factors contributing to the map services, such as data formats, map service properties, and database
versioning so that the data are managed with minimal storage space requirements while being
delivered to the web browsers in an interoperable format with a satisfying speed (Kong, 2015).

Many libraries started to use digital repository as a platform to manage their geospatial datasets.
Digital repositories is an excellent platform to centralize the datasets. However, many academic
libraries are still in the early stage of employing data repository in their institutions and the
collection policy might not include all the library’s geospatial datasets which were usually collected
from different sources. More development needs to be made in order to combine the GIS server
capability with the digital repository so that the geospatial datasets can be well maintained and
disseminated.
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Finally, it will need a long-term discussion and effort between librarians in order to preserve
geospatial datasets. Although many agencies provide the current collected geospatial data, it is not
in their responsibility to provide the previous decades data, even though these data could provide
very important information for researchers. What is the mechanism to preserve these big datasets
will be a challenging topic for libraries with increased data collection efforts and increased sensor
technology.
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