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Many federal agencies face challenges with designing geospatial
data management systems. This paper presents and documents a
needs-assessment process that can be employed to prioritize agen-
cies’ geospatial information needs; identify agencies’ capacity to
manage a centralized geodatabase; determine agencies’ capacity
to deliver Web-mapping services to the public; and identify bar-
riers, such as data security and limited financial resources, that
constrain agencies’ ability to design and manage a geospatial data
management system. The paper details the needs-assessment process
and documents its application to the National Park Service (NPS)
Conservation and Outdoor Recreation (COR) Branch programs.
The NPS COR Branch is comprised of nine disparate programs, such
as the National Trails System and the Rivers, Trails, and Conserva-
tion Assistance program, each of which has specific geospatial data
management and delivery needs. The needs-assessment process,
tested through its application to the NPS COR Branch programs,
provides a comprehensive and logical workflow for system devel-
opers and administrators to use as they create or refine geospatial
data management systems.
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INTRODUCTION

Federal agencies face numerous challenges when designing geospatial data
management systems. Frequently, geospatial data management systems have
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Designing Management Systems within Federal Agencies 227

been constructed internally by agency personnel tasked with addressing the
needs of a specific program or initiative. This process results in noncom-
patible geospatial data “silos” or “stovepipes” (Goodchild et al. 1999). In
response, federal agencies in the United States have repeatedly tried to im-
plement standards to procure, store, and deliver geospatial data with the
ultimate goal being an interoperable network of geospatial data manage-
ment systems (National Research Council 1993). Until standardization efforts
are widely adopted and implemented, however, individual federal agencies
could benefit from tools and workflows that allow them to manage and de-
liver their geospatial data in the most efficient manner possible. This paper
presents a needs-assessment process designed to

1. Prioritize agencies’ geospatial information needs
2. Identify agencies’ capacity to manage a centralized geodatabase
3. Determine agencies’ capacity to deliver Web-mapping services to the pub-

lic
4. Identify barriers, such as data security and limited financial resources,

that constrain agencies’ ability to design and manage a geospatial data
management system.

The paper also presents a case-study application of the process to pro-
grams within the National Park Service (NPS) Conservation and Outdoor
Recreation (COR) Branch. The needs-assessment process provides a com-
prehensive and logical workflow for system developers and administrators
to use as they create or refine geospatial data management systems.

Challenges of Designing Geospatial Data Management Systems
within Federal Agencies

Throughout their history, federal agencies in the United States have faced
numerous challenges in managing geospatial information (Wood and Fels
1992). In their description of the history of geospatial information man-
agement and sharing, Goodchild, Fu, and Rich (2007) suggest that the
management and dissemination of geographic information has developed
through three distinct phases. The first phase was a decentralized and disor-
ganized historical phase characterized by geographic information that was
created for a single purpose and not distributed to the general public.
The late eighteenth century ushered in an enlightened phase, character-
ized by global powers recognizing the value (primarily related to warfare) of
mapping the Earth’s surface and organizing that information in a centralized
federal repository. Collecting and organizing geospatial information from the
period spanning from the late nineteenth century through most of the twen-
tieth century was labor intensive and expensive (National Research Council
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228 J. W. Smith et al.

2004). This limited the large-scale production, curation, and dissemination of
geospatial information to dedicated federal agencies such as the U.S. Geolog-
ical Survey. The current or contemporary phase extends from late twentieth
century through today and is marked by a rapid reduction in the costs as-
sociated with producing geographic information brought about by advances
in, and the adoption of, information and communication technology.

The Goodchild et al. (2007) three-phase historical framework suggests
that the development of geospatial information management and sharing
has progressed uniformly. However, it is unfortunately clear that many, if
not most, federal agencies remain locked into beliefs associated with the
enlightened phase, in which geospatial information is only collected, stored
and delivered for agency- or even program-specific needs. Consequently,
many federal agencies are struggling with the need to transition toward a
distributed and more collaborative system of data management while simul-
taneously meeting their congressionally mandated responsibilities (National
Research Council 2001; National Research Council 1999). Agencies often fail
to effectively manage and share geospatial data and services for a variety of
reasons. Contributing factors include the complex and interdependent na-
ture of federal agencies (Clarke and McCool 1996), limited labor pools and
operating budgets that can be dedicated to geospatial information systems
(Fogler 2011), and growing concerns over data security (National Research
Council 2013). Federal agencies could benefit from tools and workflows al-
lowing them to manage and deliver geospatial data effectively and efficiently
in light of these barriers. The geospatial needs-assessment process presented
here can serve as a critical tool, allowing agency personnel to provide public
services in the most effective and efficient manner possible.

The Needs-Assessment Process

Needs assessments are systematic methods for determining and address-
ing discrepancies between current conditions and processes and desired
conditions and processes (Altschuld and Kumar 2010). Needs assessments
can be either extensive, wherein an analyst evaluates data across a large
number of cases to determine generalizable needs, or intensive, in which
critical needs are identified from an in-depth examination of a small number
of cases (Kaufman, Rojas, and Mayer 1993). The needs-assessment process
developed and presented here is intensive; intended to be applied to indi-
vidual federal agencies or even programs/branches within those agencies.
Following best practice guidelines for needs-assessment development (Leigh
et al. 2000; Watkins, Meiers, and Visser 2012), our geospatial needs assess-
ment is designed to

1. Bring together individuals who have an interest in, and influence over,
the outcome of a particular decision
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Designing Management Systems within Federal Agencies 229

FIGURE 1 The needs assessment process is intended to be implemented as a first step to
designing, or redesigning, a geospatial data management system.

2. Efficiently guide them through a process focused on identifying
gaps between current processes/outcomes and desirable future pro-
cesses/outcomes

3. Facilitate the collaborative identification and exploration of possible solu-
tions.

The needs-assessment process is intended to be implemented as a first
step to designing, or redesigning, a geospatial data management system
(Figure 1). The process involves two specific phases, a problem definition
and stakeholder representation phase and an initial scoping phase. The prob-
lem definition and stakeholder representation phase involves identifying key
domain experts, end users, and geomatics or technical professionals commit-
ted to provide input throughout system design, development, implementa-
tion, and evaluation. The initial scoping phase involves a series of questions
to be asked by the domain and geomatics experts of individual federal
agency program representatives (the end users).

Problem Definition and Stakeholder Representation: Collaborative
and Iterative Dialog between Application Domain Experts, End
Users, and Geomatics Experts

The initial stage of the needs-assessment process involves identifying key
individuals needed to both clearly identify the intended functionality of the
soon-to-be developed geodatabase and determine what hardware, software,
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230 J. W. Smith et al.

personnel, and system infrastructure is required to ensure those functional
needs can be met. Recent research within the field of requirements en-
gineering suggests that having representation from application domain ex-
perts (e.g., geology, forestry, urban planning), end users (in our case, federal
agency representatives), and geomatics experts is imperative to the success
and long-term adoption of the system (Grira, Bédard, and Sboui 2012).

Typically, in the design of a GIS system architects assume that the needs
of end users can be exhaustively collected from domain experts alone (Grira,
Bédard, and Roche 2009). This is especially true within federal agencies
where one individual is often tasked with being the domain expert and the
geomatics expert. This can make it difficult to both clearly articulate end
users’ high-priority analytical needs and also understand how emerging GIS
tools and technologies can be leveraged to meet those needs.

Research on the successful design of nonspatial databases has repeatedly
demonstrated that having expert input from the topical domain of interest as
well as the information technology field leads to more user-friendly, interop-
erable, and widely adopted systems (Endsley and Jones 2011; Sutcliffe 2002).
This research has yielded some explicit guidance on both identifying poten-
tial stakeholders who will be involved throughout the system’s design and
development (Sharp, Finkelstein, and Galal 1999) and how to best collect in-
formation regarding their needs (Aoyama 2005). Grira and colleagues (2012)
have applied this guidance to geospatial systems, reiterating the need for a
clear and unambiguous understanding of user roles in GIS design (Figure 2).

Application domain experts must have a clear understanding of the state
of the science in their domain and be able to clearly articulate how existing
tools used to advance that body of knowledge (e.g., modeling frameworks,

FIGURE 2 User-centered geospatial information system designs require input and coordina-
tion among application domain experts, end-users and geomatics experts (Grira, Bédard, and
Sboui 2012).
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Designing Management Systems within Federal Agencies 231

specific models) might affect the scientific and policy contexts in which the
end user operates. For example, within the domain of recreation resource
management, an application domain expert would be able to provide in-
formation and knowledge about how projections derived from downscaled
climate models are being used to forecast shifts in visitation to specific recre-
ation sites (Bitsura-Meszaros et al. in press). This knowledge, when con-
veyed to both the end user (a federal agency representative in this case)
and GIS experts, could highlight novel and unexpected analytical tasks that
may need to be performed by the agency to meet their federal, state or local
mandates.

End users, such as federal agency personnel, provide detailed insti-
tutional knowledge of the economic and political contexts in which their
organization operates. End users likely have numerous needs that could be
facilitated through the development or refinement of a GIS. The prioritization
of these needs is not always driven by statutory regulations and mandates
as might be expected. Often, relatively short-term political factors affect how
and where federal agencies’ leadership choose to spend their limited stocks
of human and financial capital (Costanza 1991).

Geomatics experts provide the technical knowledge needed to transform
end users’ needs into outcomes that can be produced by the GIS. Geomatics
experts are able to provide a clear understanding of how the types of geospa-
tial data to be represented within the GIS will affect subsequent analytical
options. For example, some geospatial data managed by federal agencies
refer to specific federally funded projects that may or may not have an ex-
plicit geospatial location. A prime example is federal grants that, although
awarded to a specific institution or organization such as a university, the
activities they enable are likely to occur somewhere else such as a field
site. Consequently, geospatial data tied to the project can be represented as
a point placed at the funded organization or institution or as another type
of spatial representation (line or polygon) demarking where the activities
funded by the project will actually occur. The decision of which spatial rep-
resentation to use will have a direct impact on what types of analyses an
end user can perform on those data. It is the role of the geomatics expert to
communicate with end users, listen to them express how they would like to
use their data and then clearly describe how decisions related to those data’s
topological representations would affect their attributes and the viability of
subsequent analytical processes.

Initial Scoping: Questions to Elicit Geodatabase Needs and
Management Capacities

To facilitate the dialog between domain experts, federal agency end users,
and geomatics experts, we have developed a series of scoping questions to
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232 J. W. Smith et al.

be asked by the geomatics and application domain experts of federal agency
end users. The questions are to be completed by at least one program lead
(e.g., a manager) and at least one technical user (e.g., a staff scientist or
GIS technician). The scoping questions (Table 1) are organized into four
sets, each of which serves a distinct purpose. The four-question sets include
identification of

1. program purpose and general activities
2. program-related geospatial questions and data
3. existing database organization and design
4. database and Web-mapping application maintenance capabilities.

Question Set 1—Identification of Program Purpose and General
Activities

This initial question set is intended to give the domain and geomatics experts
a better understanding of the federal agencies’ statutory responsibilities, or-
ganizational structure, and the general day-to-day operations of agency per-
sonnel. The technical and domain experts should have a basic understanding
of the agency’s purpose, mission, and objectives through a detailed review of
available secondary material. Agency Web sites, brochures, and publications
are valuable pieces of information that can provide the domain and geo-
matics experts with a basic understanding of the agency and its operations.
Subsequent informal discussions with agency personnel are also highly rec-
ommended because they can provide more detail on agency operations and
mandates. More importantly, these initial discussions often yield insight into
how current political climates can, or are likely to, shape the agency’s imme-
diate geospatial information needs. Often, agencies’ congressional mandates
exceed the activities and outcomes that can be generated from appropri-
ated dollars, leaving discretionary decisions up to current leadership (Olson
1995). Opening up these initial lines of communication are essential precur-
sors to soliciting meaningful and interpretable responses from the scoping
questions.

Question Set 2—Identification of Program-Related Geospatial
Questions and Data

The second question set identifies the scope of agency activities that in-
volve, or could involve, geospatial data. The key questions used to generate
these responses are Q2.1, “What geospatial questions does your program
currently address with your existing data?” and Q2.3, “What geospatial ques-
tions would your program like to address?” These are open ended and agency

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
0:

52
 0

4 
Se

pt
em

be
r 

20
15

 



Designing Management Systems within Federal Agencies 233

TABLE 1 Geospatial Needs Assessment Scoping Questions

Question set 1 – Identification of program purpose and general activities:

Q1.1 – What is the primary purpose of your program?
Q1.2 – What commonly asked or requested tasks does your program perform (or are
asked to perform)?
Q1.3 – If you could take one repeatable task off of your plate, what would it be?

Question set 2 – Identification of program-related geospatial questions and data:
Current program-related geospatial questions and data:

Q2.1 – What geospatial questions does your program currently address with your
existing data? Please provide as many specific examples as you can think of and also
provide a description of why each question is being addressed.

Q2.2 – List all of the data layers needed to address those questions:
Data layer description:
Data layer representation (point, line or polygon):
Data layer source:
Is this data layer essential?
Is this data restricted?
Are there alternate, comparable data sources available?
Other notes:

Future program-related geospatial questions and data:
Q2.3 – What geospatial questions would your program like to address? Please provide

as many specific examples as you can think of and also provide a description of why each
question should be addressed.

Q2.4 – What data layers would help your program address those questions?
Data layer description:

Data layer representation (point, line or polygon):
Data layer source:
Is this data layer essential?
Is this data restricted?
Are there alternate, comparable data sources available?
Other notes:

Q2.5 – How does your program currently, or would it like to, interact with geospatial
data? (Select one of the options from the list below or provide your own answer following
the ‘Other’ option)

a) We perform queries or searches based on user input
b) We dynamically edit tabular and attribute data
c) We upload supporting information (e.g., pictures, monitoring data, reports, etc.) to

the database
d) Other:

Q2.6 – Who are the end users of your program’s data, reports or products? (Select all
that apply from the list below or provide your own answer following the ‘Other’ option)

a) Internal agency personnel
b) Other agencies. Please list the agencies:
c) The general public
d) Elected officials
e) Other:

Q2.7 – How does your program currently, or would it like to, visualize program-specific
geospatial database query results? (Select all that apply from the list below or provide your
own answer following the ‘Other’ option)

a) We view results on a personal, non-web-enabled, GIS
b) We view results via a web-based mapping application
c) We view and results on printed text reports
d) We publish results on a personal, non-web-enabled, GIS
e) We publish results to a web-based mapping application

(Continued on next page)

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
0:

52
 0

4 
Se

pt
em

be
r 

20
15

 



234 J. W. Smith et al.

TABLE 1 Geospatial Needs Assessment Scoping Questions (Continued)

f) We have a need to export results in a certain file format (e.g., Microsoft Excel
spreadsheets, shapefiles, html webpages, etc.). If so, please describe:

g) Other

Question set 3 – Identification of existing database organization and design:
Q3.1 – How are geospatial data currently stored within your program?
Q3.2 – Where are these data physically located? (Select one of the options from the list

below)
a) Data are centrally located. If so, please describe where:
b) Data are located at remote locations. If so, please describe where:

Q3.3 – How often is the geospatial data currently managed by your program updated, if
at all?

Q3.4 – Is your program’s geospatial and/or tabular data managed in a relational
database structure (i.e., data records are stored in independent tables, but are linked
through common key fields such as ID numbers)? If so, please provide a description of
how individual data tables are related to one another).

Question set 4 – Identification of database and web-mapping application maintenance
capabilities:

Q4.1 – For each of the following categories, describe what geospatial information
capabilities your program currently has?

Personnel:
Hardware:
Software:
Other (please describe):

Q4.2 – Are any of those GIS capabilities currently shared? If so, please list the other
organizations with which your program shares capabilities and describe the relationship.

Q4.3 – Describe how your program’s geospatial information capacities are likely to
change in the next two to three years:

representatives should be encouraged to provide as many specific responses
as possible and to provide a description of why they listed those questions.
Asking for a description of why each question is, or should be, addressed
provides additional insight into current agency activities and future needs
that can be valuable in the subsequent stages of system development.

The second question set also solicits information about specific spatial
and tabular data used by the agency. For each data layer or table, agency
personnel are prompted to provide additional information regarding data
representation (point, line or polygon), source and importance relative to
the agency’s geospatial analytical needs. Agency representatives, especially if
they are not familiar with GIS, will not be able to provide all this information
for each piece of data. A complete reporting of all data used by the agency
is not essential, although more information can be gathered from more com-
plete lists. The intent is to give the geomatics expert a better understanding
of what types of data will most likely be integrated into the geodatabase.
Additionally, having information on data currently used, or likely to be used,
by the agency allows domain experts to identify opportunities for reducing
data redundancies by tapping into authoritative geoportals managed through
interagency initiatives (Maguire and Longley 2005).
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Designing Management Systems within Federal Agencies 235

Question set 2 also includes two questions, Q2.5 and Q2.6, designed to
provide a better understanding of how data are managed within the agency
and distributed to their constituents. Most large federal agencies have both
internal and external GIS needs, internal needs being the functionality re-
quired by agency personnel themselves and external needs being the func-
tionality required by the agency’s constituents (typically the general public).
Answers to questions Q2.5 and Q2.6 provide an opportunity for the domain
and geomatics experts to better understand the balance between these two
distinct types of needs; this will subsequently inform decisions about system
architecture.

Question Set 3—Identification of Existing Database Organization and
Design

The purpose of the third question set is to catalog the geospatial infor-
mation already being used within the agency and to determine how that
information is currently being stored. These questions clarify the technolog-
ical abilities and normative operating patterns already in place, and also lay
the groundwork for rooting out either redundant or underutilized organiza-
tional resources. This question set also facilitates the location of any existing
geodatabases. Answers to these question are critical to discovering agency
representatives who possess important information regarding the location of
existing data. Locating data is not always straightforward in federal agencies
with high levels of turnover and horizontal shifting of technical personnel.
Although strictly technical on the surface, answers to these questions can
also lead to a better understanding of the qualitative characteristics (e.g.,
political, economic) influencing agency personnel’s capacity to manage and
maintain their geospatial information and infrastructure.

Question Set 4 — Identification of Database and Web-Mapping
Application Maintenance Capabilities

The fourth question set solicits feedback with the goal of generating
a taxonomy of geodatabase and Web-mapping application maintenance
capabilities (Bai, Di, and Wei 2009). For instance, Q4.1 extends the informa-
tion generated from question set 3 by going beyond describing geospatial
data caches to cataloging personnel, hardware, and software capacities. The
distinction is significant in that the solicitation now concerns all aspects of an
analytical work flow, therefore generating a nearly complete description of
the geospatial data management system’s operational hierarchy. Relatedly,
Q4.2 brings to light any agencies that might benefit from inclusion into the
needs-assessment process. In this sense, the geospatial needs assessment can
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236 J. W. Smith et al.

serve as an opportunity to foster communication between disparate agencies
(Goodchild, Fu, and Rich 2007).

Q4.3 is significant because it provides insight into how agency lead-
ership envisions their geospatial data management capacities and needs
changing in the future. Inquiring about anticipated geospatial data needs
and management capacities can provide valuable insight affecting system
design decisions.

Application of the Needs-Assessment Process: The National Park
Service Conservation and Outdoor Recreation Branch Programs

The needs-assessment process was designed to identify individuals involved
in the development of a federal geospatial data management system, allow
them to point out gaps between current and desired processes, and explore
possible solutions. To demonstrate its utility, we present a case-study ap-
plication to programs within the NPS Conservation and Outdoor Recreation
(COR) Branch.

The National Park Service Conservation and Outdoor Recreation
Branch

The NPS COR Branch was initially conceived as a vehicle to redistribute select
NPS funds and assets (National Park Service 2015). The COR Branch seeks
to broaden the scope of the NPS via mission-specific and environmentally
diverse funding disbursements. Collectively, the COR Branch is comprised
of nine unique programs described in Table 2 (National Park Service 2015).

Application

The initial stage of the process involves identifying key individuals needed to
both clearly describe the intended functionality of the soon-to-be developed
database and determine what hardware, software, personnel, and system
infrastructure is required to ensure that those functional needs can be met.
We initiated our application of the needs-assessment process to the COR
Branch by convening a series of initial meetings involving COR Branch pro-
gram leadership, GIS technical support personnel, and our team members,
which included a domain expert (a faculty member whose research focuses
on natural resource management issues) and two geomatics experts. Our
team members met with representatives from each of the COR Branch pro-
grams individually. The initial meetings were largely unstructured, with open
dialog and communication focused on each COR Branch program’s organi-
zational structure, its purpose and its current and desired use of geospatial
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Designing Management Systems within Federal Agencies 237

TABLE 2 Programs of the National Park Service Conservation and Outdoor Recreation Branch

Program Description

State and Local Assistance Helps communities create new parks and recreation areas by
transferring federal land to state and local governments.

Hydropower Recreation
Assistance

Provides technical assistance on hydropower licensing and
makes recommendations about recreation access and
facilities, instream flow rates and riparian corridor and
conservation buffer zones.

National Rivers Inventory Listing of national free-flowing river segments believed to
possess cultural value and be of more than regional
significance.

National Rivers Recreation
Database

Database managed by the COR Branch providing river
recreation and management information useful to resource
managers and interested publics.

National Trails System Provides for outdoor recreation needs, and promotes the
enjoyment, appreciation and preservation of open-air,
outdoor areas and historic resources.

National Water Trails System National network of water trails designated for management,
protection and increased recreational access.

Partnership Wild and Scenic
Rivers

Preserves—in free-flowing condition—selected rivers that
possess outstandingly remarkable scenic, recreational,
geologic, historic or fish and wildlife value.

Rivers, Trails, and
Conservation Assistance

Supports community-led natural resource conservation and
outdoor recreation projects such as conserving and
improving access to rivers.

Rivers, Trails, and
Conservation Assistance –
Communications

Strategic tool leveraged across COR Branch programs to
distribute information efficiently and effectively between
agency personnel.

data. The informal nature of the meetings, which ranged in duration from
forty-five minutes to one and one-half hours, allowed for extended and free-
flowing discussion. The information gleaned through these initial meetings,
collected via liberal note taking and post-meeting debriefings, was essential
to interpreting the responses provided by agency personnel to the follow-up
scoping questions.

The scoping questions (Table 1) were provided to program represen-
tatives via e-mail shortly after the series of initial unstructured meetings.
Representatives were given two weeks to provide their answers to the scop-
ing questions. However, most responses were provided within several days
given the personal connections established during the previous introductory
meetings. Responses were compiled, read, interpreted, and used to generate
a list of desirable geospatial information system functionalities and needs.
These needs, which were specific to each COR Branch program, were subse-
quently compiled into a program-specific, geospatial-needs matrix (Table 3).
Constructing the program-specific needs matrix facilitated the identification
of a common set of critical needs across the nine different programs.

This collective needs matrix confirmed the assumptions generated dur-
ing our initial scoping meetings with COR Branch program leadership. Specif-
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TABLE 4 Critical and Desirable Geospatial Needs Across the COR Branch Programs

Critical Needs

1. The development of an enterprise geospatial database (a centrally located and accessible
multi-user database platform).

2. The identification and maintenance of authoritative spatial and tabular data.
3. The hiring of a dedicated geospatial database and program coordinator.
4. The ability to build custom public and internal web-based services and applications that

support program-specific needs.

ically, the collective needs matrix identified four critical needs for the entire
COR Branch (Table 4). The critical agency-wide needs identified were to

1. develop an enterprise geodatabase (a centrally located and accessible
multiuser spatial and tabular database platform)

2. identify and maintain authoritative spatial and tabular data
3. hire a dedicated geodatabase and program coordinator
4. build custom public and internal Web-based services and applications that

support program-specific needs.

The first critical need identified was to develop a centralized geo-
database. An enterprise infrastructure would allow the COR Branch to cen-
trally store, manage, and disseminate geospatial and nonspatial data. The
centralized infrastructure would also provide the ability to deliver Web-based
services and applications developed and managed by external agencies and
partners using common, ideally authoritative, data. It was not surprising
that the need for a centralized geodatabase topped the COR Branch’s crit-
ical needs list. The needs-assessment process allowed us to elucidate the
general need for an enterprise (i.e., multiuser) database and associated in-
frastructure. The need for an enterprise geodatabase became clear by con-
trasting responses we received from agency representatives who worked
in the Washington, D.C. offices with the responses received from regional
representatives located throughout the country.

Washington personnel conveyed a strong desire for the geospatial data
management system to have the ability to track program efforts (e.g., grant
dollars administered, projects completed) across the nation and generate
reports for common user-defined areal units such as states or congressional
districts. However, regional personnel expressed less of a need for the system
to be used as a reporting tool (which directly impacts subsequent years’
congressional appropriations) and a much greater desire to simply search
and query the database to answer relatively simple, yet important, questions
such as “To which cities within my region should I distribute Rivers, Trails,
and Conservation Assistance funds if I want to maximize those funds’ ability
to aid urban, minority youth?” This divergence highlights how the functional
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240 J. W. Smith et al.

needs placed upon a geospatial data management system are highly variable
within federal agencies. The specific needs of agency personnel are implicit
and directly tied to their role within the organization, which can lead to
divergent, or potentially conflicting, needs going unnoticed. For the COR
Branch, it was only by asking the questions in our needs-assessment process
that internal discrepancies became explicitly stated and shared (see Table 4).

The second critical need involved identifying and developing authorita-
tive datasets, which would reduce data duplication and increase the ability
of COR Branch program personnel and Washington and regional/local/unit
offices to collaborate using common data and information. The third critical
need was to establish a dedicated geodatabase and program coordinator.
Currently the COR Branch personnel do not have the requisite skills or abil-
ities to establish or maintain a centralized COR Branch-specific geospatial
platform. A full-time personnel position would ensure continued long-term
support for the COR Branch’s mapping needs; the position would also pro-
vide continuity as those needs continue to evolve. The fourth and final critical
need was to utilize internal- and external-facing Web-based services and ap-
plications that support program-specific decisions. Currently, many of the
COR Branch’s programs make spatially dependent decisions, such as decid-
ing which community assistance projects receive funding, without relevant
geospatial data. For the COR Branch, we suggested that the use of cus-
tom Web-based services and applications would facilitate more consistent,
objective and defensible decisions.

The agencywide critical needs were subsequently used as pivotal deci-
sion criteria in determining what type of geospatial data management system
was appropriate to develop for the agency. For example, knowing many
programs within the COR Branch could benefit from the development of
an enterprise geodatabase, our next question became “What are the char-
acteristics of an enterprise geodatabase (e.g., open-source or commercial,
publically facing or internal access only) that would best enable the COR
Branch and its programs to meet their congressionally mandated goals in
the most cost-effective manner. Figure 3 illustrates how the identification of
agencywide critical needs were used to generate additional questions aiding
geodatabase system design decisions.

Based on the geospatial needs assessment conducted with COR Branch
program representatives within both the Washington and regional offices,
we identified and developed a set of potential geospatial database develop-
ment scenarios for addressing the geospatial needs of COR Branch programs.
More detail on these scenarios can be found in Smith et al. (2014). We pre-
sented the scenarios to the COR Branch leadership in deliberative discussions
with constructive dialog leading to the selection of a specific scenario to be
pursued by the agency in the immediate future. What is important to empha-
size is how the information generated through the needs-assessment process
enabled collaborative discussion between agency personnel and the geo-
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Designing Management Systems within Federal Agencies 241

FIGURE 3 The identification of agency-wide critical needs were used to generate additional
questions aiding geodatabase system design decisions.

database design team: discussion that facilitated making the most informed
decision possible regarding how geospatial data are to be managed.

CONCLUSIONS

Federal agencies face a broad set of challenges when attempting to design
geospatial data management systems. These challenges stem from the com-
plex and interdependent nature of agency mandates and rising concerns
over data validity and security (National Research Council 2013; National Re-
search Council 2001). Additionally, federal agencies often have limited pools
of human and financial resources to dedicate to developing geospatial data
management systems (Fogler 2011). Frequently, geospatial data are managed
in-house by individual GIS technicians; this makes it extremely difficult to en-
sure the interoperability of geospatial information across disparate programs,
let alone disparate agencies (Goodchild et al. 1999). Over the past several
decades, interagency initiatives have attempted to eliminate redundancy and
implement standards to procure, store, and deliver geospatial data (National
Research Council 1993; National Research Council 1999). These initiatives
however, have yet to be widely adopted (Joshi and Joshi 2013). Until most
federal geospatial data management systems are interoperable, federal agen-
cies could benefit from the development of tools and workflows enabling
them to manage and deliver geospatial data in the most efficient manner
possible.

In this paper, we have presented a two-phase geospatial needs-
assessment process. The process adds to previous scholarship focused on
designing and developing effective geospatial information systems (Grira,
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242 J. W. Smith et al.

Bédard, and Sboui 2012) by providing focused guidance targeted at federal
agencies. Specifically, the problem definition and stakeholder representation
phase of the process provides guidance on how domain scientists, federal
agency representatives, and geomatics experts can come together and en-
gage in collaborative discussions focused on an agency’s immediate and fu-
ture geospatial data needs and how those needs might be affected by external
shifts in context (e.g., changes in information technology systems, political
and economic forces, and scientific knowledge within the domain area). The
initial scoping phase of the process involves a series of questions to be asked
by the domain and geomatics experts of individual federal agency program
representatives. Each of these questions has a specific purpose. Collectively,
the scoping questions provide vital information needed to

1. prioritize agencies’ geospatial information needs
2. identify agencies’ capacity to manage a centralized geodatabase
3. determine agencies’ capacity to deliver Web-mapping services to the pub-

lic
4. identify barriers that limit agencies’ ability to design and manage a geospa-

tial data management system.

We also presented a case-study application of the process to programs
within the NPS COR Branch. This branch serves as an ideal testbed for
the process, given that it is composed of nine different programs, each of
which has distinct congressional mandates, programmatic needs, clienteles,
cooperating agencies, and types of spatial and tabular data. Throughout the
case-study application, we highlighted how the needs-assessment process
enabled our project team, along with agency leadership, to make critical
decisions regarding the design of a new interoperable GIS that would meet
the current and future needs of the agency.

While the process can be implemented as a standalone tool, most fed-
eral agencies willing to engage in a geospatial needs-assessment process are
usually ready to develop or refine a geospatial data management system
based on the recommendations made by the domain and geomatics experts
and the collaborative discussions that follow. Whether implemented as a
stand-alone tool or as part of a larger geospatial information system design
and development framework, the needs-assessment process provides a com-
prehensive and logical work flow for system developers and administrators
to use as they create or refine geospatial data management systems.
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