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Abstract

The Department of Defense (DOD) has seen its mission change since the end of
the Cold War. Now, the DOD must respond quickly to smaller actions around the world
from fewer permanent forward locations. As a result, the planning phase of the forward
deployment from home station becomes more important. To aid in this planning and
execution, the separate services have begun to invest in geographical information systems
(GIS). This research investigated the armed services’ current uses of GIS. It also asked
the question whether or not a joint GIS program could benefit the DOD, and an
information technology implementation model was presented as a framework to
implement a joint GIS program.

It was found that all four armed services use GIS for forward deployments. The
Army has its Combat Terrain Information System (CTIS). The Navy’s digital nautical
charts are a GIS. The Marine Corps has created their Geographically Linked Information
Display Environment (GLIDE) program, which is similar to a map repository. Finally,
the Air Force has its GeoBase program for installation GIS, and GeoReach is the
expeditionary deployment base-planning subset.

The research methodology was a combination of a case study and a Delphi study.
The case study research examined a single Army GIS unit for current GIS
implementation methods and uses. The Delphi study asked eight DOD GIS experts their
opinions about current GIS uses and the possibility of a joint GIS program. Through the
case study and Delphi research, it was found that information flow between the services
is limited and that a joint GIS program may bring improved and new planning and

executing capabilities for the DOD.
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CROSS SERVICE INVESTIGATION OF
GEOGRAPHICAL INFORMATION SYSTEMS

I. Introduction
1.0 Background

After the attacks of September 11, 2001, Secretary of Defense Donald Rumsfeld
“was embarrassed in front of the President by the Pentagon’s slow and tentative
response” [1, 26]. President George W. Bush wanted troops on the ground in
Afghanistan quickly. The Central Intelligence Agency was able to insert a team of
paramilitaries within two weeks, but the armed services said that they could not respond
quickly with the current plans or forces in the area [1, 28]. The United States (US)
Department of Defense (DOD) had recognized the need for change in the soon to be
published 2001 Quadrennial Defense Review (QDR), but had not enacted many of the
recommendations.

The DOD’s mission is “to provide the military forces needed to deter war and to
protect the security of our country” [2]. This protection is accomplished by having a
military presence around the world to deter or defeat adversaries. As seen after
September 11™, occasionally military forces must be deployed quickly to previously
unplanned locations. The Air Force uses geographical information systems (GIS) to aid
in this deployment planning process. It is envisioned that GIS will significantly improve
the speed and efficiency of the deployment planning process. The purpose of this
research is to determine the extent of GIS use in the DOD for deployment preplanning

and possible opportunities for including GIS technologies across service boundaries.



This research will take a joint look because the DOD is deploying more frequently as a
joint force.

The DOD is impressive with its physical size and presence around the world,
consisting of 1.4 million active duty forces, 1.19 million ready and stand-by reserves, and
654,000 civilian employees [3, 14]. Since the signing of the National Security Act on 26
July 1947, the three military departments within the DOD have been the Army, Navy,
and Air Force; the Marine Corps is a second armed service of the Navy [2]. These four
armed services have a total of 302 bases within the US and 330 permanent bases outside
of the US. Excluding possible bases constructed for Operation Iragi Freedom, the armed
services could be operating from as many as 119 bases to support Operation Enduring
Freedom and sustained operations in the Middle East [4]. This large overseas presence
has its roots in the Cold War. However, since the end of the Cold War, the threat to the
US has changed from a global war with the Soviet Union to several smaller regional
conflicts. Since the end of the Cold War, the DOD has seen a reduction in total personnel
but an increase in demands on smaller forces [5, 8].

The 2001 QDR called for a change in the planning and posturing of US forces.
The Cold War mentality had been to defend against the threat of other nations, including
the Soviet Union, initiating a future war. However, the 2001 QDR calls for posturing the
DOD against the capabilities of other nations and organized combative groups. This
capabilities-based planning looks at how a potential adversary might fight rather than
specifically who the DOD will be fighting. As a result, the DOD planners must identify
the capabilities of other nations and groups and be prepared to deter or defeat any enemy

that relies on surprise, deception, and asymmetric warfare [5, iv]. Part of this mind set



change requires the DOD to posture itself to respond quickly and cost effectively to the
smaller regional conflicts based on an adversary’s capability rather than just theater
campaigns against stationary threats.

Combine the change in how the DOD plans for threats against the US with the
fact that many main operating bases overseas are being closed and many foreign nations
are reluctant to allow foreign militaries to establish permanent bases on their soil, and the
result is the DOD must and is changing how personnel and resources are positioned [6,
8]. Permanent forward stationing of personnel is giving way to deploying forces from the
US to temporary bases called Forward Operating Locations (FOLS) located near the
regional conflict [7]. A FOL may either be a previously-used site or a new site that meets
minimal requirements, commonly called a bare base.

A bare base is a site that has a water source that can be made potable; and if flying
operations are planned for the location, it must also have a usable runway, taxiways, and
aircraft parking areas. The location must have the potential for logistical support to
resupply personnel and materiel. Under the bare base concept, the military will bring the
required mobile facilities either in trailers or tents with necessary utilities and support
equipment. The result is the transformation of undeveloped real estate to an operational
base [6, 6]. However, this transformation cannot occur quickly or effectively without
some level of planning.

The task of planning which FOLSs to use for a particular mission requires
considering several factors. First, the US State Department must coordinate with host
nations for permission to base personnel and assets in their country. Second, the potential

sites must be visited to determine the possibility of basing forces at the location,



evaluating existing assets and determining necessary improvements. Third, for flying
operations, the available ramp space, hangars, and possible fuel sources must be
considered. Finally, the logistical services must be available to house, support, and
resupply the personnel that will be located at the base [8, 7].

When this FOL preplanning is not quickly and effectively accomplished prior to
forward deploying troops, the military’s ability to operate is diminished. An example of
diminished capability was during Operation Allied Force in Kosovo. The Government
Accounting Office reviewed after-action reports from Operation Allied Force, and its
report cites several undesirable results of limited planning before deploying units.

First, no single unit or command maintained a database of information on possible
FOLs in the European theater. So after the operation began, the US Air Forces Europe
(USAFE) had to use over 200 personnel in small teams traveling to 27 potential sites over
three weeks to gather the necessary information. The host nation usually allowed the
teams into the possible location for only one day, and many of the members of these
quickly compiled teams had never been on a site survey team previously [8].

In addition to the Air Force accomplishing site surveys, the Marine Corps
accomplished its own surveys. The commander in charge of the Marine Corps’ site
survey teams did have access to the Air Force information on the potential locations, but
he still felt that Air Force information was incomplete and additional information was
needed for Marine Corps operations [8, 11].

Since the base planning was still occurring at the opening of the operation,
decision makers were making decisions without knowing future basing requirements.

The aircraft-basing plan was changed 70 times in the 78-day operation. The constant



change forced the initial planners to send aircraft to bases not knowing what other planes
or support units would follow. In one example, the 48" Fighter Wing from Lakenheath,
England, was forward deployed to Cervia, Italy; however when additional units were
added to Cervia, the 48" had to return to Lakenheath because there was not enough space
at Cervia for all the units [8, 8].

When forces did forward deploy, the lack of combat aircraft basing plans allowed
the first units into the FOL to take the space they thought they needed without regard to
future units’ arrival or overall base operations. The units also did not consider land use,
safety, utility access, or airfield obstructions. The lack of preplanning resulted in
unnecessary duplication of facilities and overlapping of functions between services [8,
10]. The GAO concluded that “Operation Allied Force demonstrates that the lack of at
least some planning has the potential to result in costly and unnecessary problems and
inefficiencies” [8, 15].

However, it also must be recognized that the military cannot maintain military
action plans for every situation in the world [8, 8]. The DOD does maintain plans for
possible FOLs and operations, but regional conflicts may still occur that do not have
previously planned FOLs. Thus, the military services must still retain the ability to
quickly plan for the forward deployment of troops if a plan does not exist.

Proper deployment preplanning can improve the speed and effectiveness of the
FOL. The armed services continue to look for ways to improve planning and execution.
The historical way of planning for a FOL is a multiple step process. First, planners list
all potential FOLs and coordinate with the US State Department as to which countries are

willing to receive US forces and which countries the DOD should consider sending



forces to. Then, the planners acquire all existing information on the refined list of
locations before visiting any of the sites (e.g., any satellite images, flyover pictures,
existing base plans). With this information, the planners make rough estimates on
possible locations for assets. If time and the host nation allow it, survey teams are sent to
the shortened list of FOLs to verify existing information and collect any additional
required information.

The next major step is deploying forces to build facilities on the base to support
the operation. The base build up team arrives on station, and historically uses pencils,
design manuals, and any maps available augmented with on-site surveying to plan the
base layout. Computer Aided Design (CAD) and satellite photography have improved
the accuracy of the preplanning and on-site surveying and design.

This planning process has sufficed for many contingency base build-up
operations. However, the Air Force has taken a stance that further technology integration
may improve the process by decreasing time to plan a new base and increasing the
accuracy and depth of planning before committing personnel to the location. Currently,
the Air Force is investing in GIS technology.

GIS is “a system of computer software, hardware, data, and personnel to help
manipulate, analyze and present information that is tied to a spatial location or
geographic location” [9]. The database information is presented in a visual form
resembling a map with the database linked to points on the image. The result is a map
that can be used to find the information in the database by anyone familiar with maps and
has a basic understanding of computers. This access allows all users on a base or in an

operation to be working and planning from the same information and map.



The specific GIS program that the Air Force is pursing to enhance planning for
FOL construction is GeoReach [7]. GeoReach is a GIS program used to aid in the
acquisition of information for FOLs. The informational database is tied to an image
taken by plane or satellite. This compiled information is used to create a common
geographic framework for the base or location and is called a Common Installation
Picture (CIP). The CIP, a geo-referenced database, includes information about existing
buildings and facilities, communication layout, and existing and potential aircraft parking
plans. For example, a user selects a building from the image and its dimensions and other
relevant data stored in the database are displayed. Once the initial CIP has been
developed, additional program add-ins can be used to aid in designing a tent city or
laying out aircraft parking [10]. GeoReach and its associated add-ins will be further
discussed in Chapter 2.
2.0 Opportunity Statement

In today’s DOD, the armed services are not deploying alone; joint service
deployments and operations are becoming more common and critical to mission success.
However, the transfer of information and knowledge for forwarding deployment planning
is difficult at best. As seen in the GAO report on Operation Allied Force, each service
may be minimally aware of what the other services are accomplishing, but each service is
still collecting its own information and planning its own FOLs. The lack of information
cross-flow leads to redundancy, which costs time and money.

The Air Force’s choice to use GeoReach affects the other services’ information
flow capability both as individual services and during joint operations. In joint

deployments, the Air Force still plans to use GeoReach to preplan the deployment. If the



other services are going to provide input for the deployment plan, all the services must be
working with compatible technology and mindset about the capabilities of the
technology.

The armed services may benefit from increased GIS information flow between the
services, whether the benefit is from being able to access information that the Air Force
has stored via GIS, or mission improvements for their own operations. The Air Force has
already seen benefits from using GIS for planning; the other services may have similar
success stories, but the successes might not be shared across the DOD.

3.0 Research Objectives

This research has two objectives. First, the research will investigate how GIS is
being used by the armed services currently, and highlight any redundancies or shortfalls.
Second, this research provides a cross-service investigation of the desire for, and possible
capability improvements of, a joint GIS program.

4.0 Methodology

The research begins with a review of each service’s current missions and
deployment techniques. Next, it investigates each service’s use of GIS technology for
deployment planning and execution. Then, a two-part study is used for further research.

The first part of the methodology is a Delphi study to determine if experts in the
DOD think a joint GIS program is needed and/or possible. Eight GIS experts participated
in the research. These eight GIS experts are a combination of GIS managers and
technicians. The Army, Navy, Air Force, and the National Geospatial-Intelligence

Agency (NGA) were represented.



The second part of the research methodology is a case study of an operational
Army GIS unit. The unit’s current GIS usage was observed, and the individuals were
interviewed about their past information technology integration experiences. An Army
GIS unit was selected for the case study because the unit is responsible for fielding,
training, and updating of the Army’s terrain analysts system. The two parts of the study
are analyzed separately and then combined for further analysis.

This research is intended to provide a preliminary look at how GIS is used across
the DOD. The literature review summarizes current GIS uses within the DOD. The case
study and Delphi study provided preliminary additional information. The case study and
Delphi study participants did not include the logistical planners or senior leadership that
would be required to implement a joint GIS program.

5.0 Relevance

This research has two areas of relevance. First, the review of each service’s
current GIS will allow each service a better understanding of how other services are using
GIS. This increased knowledge may result in sharing existing programs or capabilities.
This cross-service review may also aid future cross-service GIS researchers.

Second, the armed services of the DOD no longer deploy or fight separately.
Information about forward locations must be shared and planning must occur in a joint
environment. For FOL planning, GIS offers a way to manage the information and
knowledge in a manner that all participants can work from the same map. When
planning for a FOL, working from a common map could improve efficiency in
information gathering. Separate site visits by each service would not be required; thus,

all the services will be able to work from a common database of acquired information.



Planners would be able to make better decisions based on more accurate information,
which could increase the capability of the FOL. Thus, the collective work environment
could decrease planning time while increasing the accuracy of responses to the changing
world.
6.0 Thesis Overview

The remainder of this thesis contains four chapters: literature review,
methodology, results, and conclusions. Chapter 2 presents background information on
each armed service’s mission, current deployment planning and execution techniques,
and describes an information technology integration method. Chapter 2 also contains a
deeper discussion of GIS technology. Chapter 3 describes the methodology used to
develop and implement the combined Delphi study and case study methodology. Chapter
4 details the application of the Delphi and case studies, contains the results of the
combined research methodology, and evaluates the results. Chapter 5 summarizes the
research results, identifies the limitations of the research, and provides recommendations
for future research in the area of GIS technology use across the DOD for forward

deployment planning and execution.
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Il. Literature Review

1.0 Introduction

This chapter will review the current structure of the DOD and how military
operations are planned and conducted both by the individual services and the Unified
Commands. Then, GIS as a technology will be reviewed, followed by a discussion of
how GIS is being used in the armed services for planning and use during military forward
deployment operations. Finally, an information technology (IT) implementation process
will be proposed for use during the research phase of this thesis.

2.0 Definition of Deployment

The DOD is a key element in enabling the US to project power around the world.
Power projection is defined as “the ability of a nation to apply all or some of its elements
of national power — political, economic, informational, or military — to respond to crises,
to contribute to deterrence, and to enhance regional stability” [11, vii]. The DOD enables
the US to project force around the world. “Force projection is the military element of
national power that systematically and rapidly moves military forces in response to
requirements of war or military operations other than war” [11, I-2]. In other words,
deployment of military personnel and assets is force projection.

Deployment is defined in Joint Publication (JP) 3-35 as “the movement of forces
and their sustainment from their point of origin to a specific operational area to conduct
joint operations outlined in a given plan or order” [11, I-4]. The primary objective of
deployment is to provide personnel, equipment, and materiel when and where required by

the commander’s concept of operations [11, ix]. This quick movement gives a
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commander the ability to employ combat power that will either force an adversary to
react from a position of disadvantage, or quit [12, 20]. The deployment process is
complete when forces are at the location and are combat ready [11, I-11].

The DOD has recognized that its requirements for force projection have changed
since the Cold War [5, 3]. The threat of war with the former Soviet Union has
diminished and smaller radical groups have begun to threaten the US. The DOD can not
support enough combat forces in all parts of the world constantly to deter and/or confront
these new adversaries. Thus, the DOD must be able to move and concentrate forces
quickly when and where potential conflicts arise. The result is an increase in the number
of deployments for the DOD [5, 6].

3.0 DOD Organization

This section reviews the structure of the DOD as it relates to decision making and
deployment responsibilities. It begins at the National Command Authority (NCA) level
and continues to the roles and responsibility of the Chairman of the Joint Chiefs of Staff
(CJCS), Unified Command, and the Military Departments (Air Force, Army, and Navy).

The DOD deployment process begins with a NCA directive that requires a
military mission to be accomplished. The NCA is comprised of the President of the
United States and Secretary of Defense or their duly appointed alternates or successors
[13, 335]. A directive from the NCA states the operational mission and the deployment
process for forces [11, 1-11].

Within the DOD, authority and responsibilities are divided among the CJCS, the
Unified Commands, and the Military Departments. The CJCS plans and coordinates

actions between different services and commands. The Unified Commands conduct
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military operations, and the Military Departments are responsible for training and
equipping personnel for use by the Unified Commands [2, 13]. Each of the
organizations’ roles is discussed in greater detail in the following subsections.
3.1 Role and Responsibilities of the CJCS

The CJCS and associated Joint Chiefs of Staff (JCS) do not hold any regulatory
authority over the Unified Commands, which are discussed in the next section. The JCS
are military advisors to the President, National Security Advisory, and Secretary of
Defense. The CJCS, through the Joint Staff, is responsible for DOD policy. During
wartime, the CJCS coordinates with the war-fighting commanders and the armed services
to (1) determine mission priorities, (2) establish or validate the capabilities’ requirements,
(3) assess resource availability, and (4) develop allocation options for the Secretary of
Defense [14, 8].

The CJCS uses the Joint Strategic Capabilities Plan (JSCP) to prepare joint
operation plans. The JSCP is the strategic direction for the operation planners and
combatant commanders and lets them know where to concentrate planning efforts. The
JSCP is the link between strategic planning and joint operation planning [15, xii]. With
the JSCP, the CJCS assigns the planning tasks to the combatant commanders, and
apportions major combat forces and resources. The JSCP also issues planning guidance
to integrate the joint operation planning activities of all stakeholders within a coherent,
focused framework and is the beginning of the deployment planning process [15, xii].
However, during a specific military operation, the combatant commander retains primary

responsibility for all activities as assigned by the JSCP or NCA [15, xii].
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The Joint Staff has divided the planning process, which includes force
deployment planning, into two types—deliberate and crisis action situations [11, A-2].
Deliberate planning is designed to be a cyclic process during peacetime. The process
allows planners to develop and refine plans to be used during war [11, A-2]. Deliberate
planning relies on assumptions and best guesses about the possible political and military
environment during an operation [15, ix]. The resultant plan is based on predicted
conditions that will exist in the given situation. The plans are documented in operational
plans (OPLANS), contingency plans (CONPLANS), and functional plans or time-phased
force and deployment data (TPFDD) [11, A-2]. The TPFDD contains all the information
required for the movement of personnel and cargo for an operation including the

following:

=

In-place units

2. Units planned for deployment with a priority indicating the desired
sequence for their arrival at the planned location

Routing for deploying forces

Movement data about the deploying units

Estimates of non-unit-related cargo and personnel movements to be
conducted concurrently with the deployment of forces

6. Estimates of transportation requirements [13, 536]

s~ w

The deliberate planning accomplished during peacetime can aid in crisis action
planning (CAP) by anticipating potential crises and developing joint OPLANS that
“facilitate the rapid development and selection of a course of action (COA) and execution
planning during crises” [11, A-2]. 1f no OPLAN existed for the required military
operation, then CAP is accomplished quickly so that the military operations can occur.
CAP is an expedient method of planning possible military COASs in response to an

immediate threat and is, therefore, time sensitive planning [15, ix]. The possible COAs
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are reviewed by the NCA, who then issues a decision and associated COA to the

combatant unified commander (discussed in the next section) [11, A-5]. If an OPLAN

exists, the CAP planners use it to conduct the operation; otherwise, the planners have to

either modify another plan or create an entirely new plan [11, A-2].

Table 1 compares CAP and deliberate planning in several areas of the planning

process. The greatest difference for the planners is the time allotted for the two types of

planning. Deliberate planning can take 18-24 months, but CAP occurs over only a few

hours or maybe days because of the time sensitive nature. Also, the type of notification

differs for each of the two types of planning.

Table 1. Comparison of Crisis Action Planning and Deliberate Planning [11, A-4]

assigning task

commander, who assigns task
with evaluation requests
message

Planning Crisis Action Planning Deliberate Planning

Segment

Time available | Hours or days 18-24 months

to plan

Phases Six phases from situation Five phases from initiation to
development to execution supporting plan

Document Warning order to combatant JSCP to combatant commander,

who assigns tasks with planning
or other written directive

Forces to Allocated in warning, planning, | Apportioned in JSCP
Planning alert, or execute order
Early Planning | Warning order from CJCS; Planning Directive issued by
guidance to combatant commander’s combatant commander after
staff evaluation request planning guidance step of
concept development phase
Decision of NCA decide COA Combatant commander decides
COA COA with CJCS review
Execution Execute Order When operation plan is
Document implemented, it is converted to
an operational order and
executed with an Execute order
Products Campaign plan and TPFDD OPLAN with supporting TPFDD

or CONPLAN with or without
supporting TPFDD
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For CAP, the warning order comes from the CJCS, where in deliberate planning, the
combatant commander issues a planning directive. The product of the two planning
cycles also differs. CAP’s result is a campaign plan and TPFDD. The product of a
deliberate planning is an OPLAN or CONPLAN with or without a TPFDD.

3.2 Unified Commands

This section discusses the role of Unified Commands. It also reviews the
planning process at the Unified Command level which, with the aid of a Joint Task Force
(JTF), determines the actual deployment and employment of forces.

The Unified Commands have the authority, according to Title X of the United
States Code, to conduct military operations such as forward deploying. There are nine
Unified Commands in the DOD: Northern Command (USNORTHCOM), European
Command (USEUCOM), Central Command (USCENTOM), Southern Command
(USSOUTHCOM), Pacific Command (USPACOM), Transportation Command
(USTRANSCOM), Special Operations Command, Strategic Command, and Joint Forces
Command. The first five commands listed have geographic responsibility while the other
four have mission responsibilities worldwide [11, viii]. The area of responsibility (AOR)
for each geographic command is shown in Figure 1.

During a military operation, the commanders of the Unified Commands take on
either the supported commander role or supporting commander role. The supported
commander, also known as the combatant commander, is the commander who is
responsible for conducting military operations in his/her AOR to directly counter an
adversary’s actions. The other eight commanders become supporting commanders that

provide the personnel and other assets that the supported commander needs to conduct
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the operation [11, 11-6]. The combatant command role used to be limited to the five
geographic commands, but Special Operations Command has recently been tasked as the

lead command for the global war on terrorism.

o

Figure 1. Geographic Unified Command Areas of Responsibility [16]

The five geographic commanders are required by the JSCP to prepare specific
plans for possible conflicts within their AOR. These plans specify the level of
mobilization needed to support the planned operation and identify any requirements for
reserve component forces [11, 1-6]. Supporting combatant commanders are tasked under
the JSCP to support the combatant commander by mobilizing assets and personnel.

The deployment planning between the NCA’s initiation directive and forces being
combat ready is extensive. The Unified Commander established a JTF to conduct the
planning operations required by the specified NCA directive. The JTFs are established

for a geographic region or functional responsibility [11, 11-17]. Deployment planning
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“encompasses all activities from origin or home station through destination, specifically
including intra-continental United States, inter-theater, and intra-theater movements legs,
staging areas, and holding areas” [13, 154]. The personnel who accomplish this planning
are commonly referred to as military planners, or planners for short.

The planners take input from the US State Department, which also plays a key
role in deployment planning. The State Department coordinates possible host nation
support or assistance, possible combined operations, and judges national will and
political risk of the possible operation. The department is responsible for negotiating
agreements with other nations to allow forces to travel through or be based in other
nations [11, 11-6].

While the State Department is coordinating other nations’ support, the planners
are looking at geographic areas based on the theater commander’s vision, goals, and
priorities, which are driven by the NCA directive. The planners make assessments of
possible FOLs, while also assessing the allocation of strategic activities and resources
[11, VI-2]. The planners must consider several variables including warning time the
units will have before deploying, current unit mobilization levels, which personnel and
materiel are to be deployed, what enemy forces are in the proposed area, delivery
schedules, and distances for the deployment [11, 111-14]. The following excerpt from JP
3-35 shows only part of the demands placed on the planners during this deployment
planning.

“Analysis of the physical infrastructure in the host nation (HN) is critical

to understanding force sustainability. Physical infrastructure in the HN

should be evaluated both in terms of what is there and what the

multinational force will be allowed to use. First, assess the ability of the
available HN infrastructure to receive US and/or multinational force
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personnel and equipment (e.g. ports and airfields). Second, determine the

capability of available transportation systems to move forces once they

arrive in the theater. Third, evaluate availability of logistic support.

Quick evaluation of these three items will determine the extent to which

HN infrastructure can be used to support planned operations. HN support

may dramatically increase the timeliness of response to a developing

situation and reduce the strategic airlift and sealift requirements necessary

to deploy forces to the AOR and/or JOA” [11, VI-6].

During this entire process, planners are still trying to keep several layers of commanders
informed of the most current plan.

The planners develop the TPFDD for the employment of forces. This time-
phasing is essential to allow the correct units to arrive on station to continue growth of
the operation [11, I-15]. All of these forces and equipment must be scheduled on the
TPFDD based on the planners’ estimate of when they will be required and when the base
commander wants units to arrive [11, 1-15]. This scheduling is necessary because airlift
and sealift to transport the deploying units is limited [11, 111-3]. Therefore, the
operational commanders and planners must find the proper balance of projecting force
rapidly with the right mix of personnel and equipment for the assigned mission. The JTF
handles this mixing of requirements [11, I1-17].

Once the operation is approved, the TPFDD is checked again to ensure it is still
current based on changing requirements from the services and functional component
commands. The verified TPFDD is then provided to the original JTF establishing
authority or supported combatant command for “sourcing of shortfalls, validation, and

forwarding to USTRANSCOM for transportation feasibility analysis and movement

scheduling” [11, 11-18].
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If the planning is time sensitive and CAP must be used, the JTF can not plan the
operation fully before needing to execute the first stages of the operation. The planners
may have to create the initial TPFDD supporting planned operations based on their best
judgment of what forces and support will be required for the first few days of the
operation. Hopefully, this initial deployment of assets will allow the JTF time to assess
the situation more thoroughly and begin making adjustments to the TPFDD based on
actual requirements. The operational commanders must work with the planned order of
equipment and personnel for the first several days of this type of operation. If the
commanders try to change the first few days of the TPFDD after it has already been
executed, the flow of personnel and equipment might be slowed because of the required
asset rerouting. This may impact the overall operation [11, I1-19]. Thus, the information
and prior deliberate planning that the JTF bases their initial decisions on must be as
accurate as possible to ensure the appropriate force structure and support assets are
included on the TPFDD.

3.3 Armed Services within the DOD

This section will review the roles and responsibilities of the armed services within
the DOD organization. The services are the source of personnel and assets that the
Unified Commanders use to project force around the world through deployments. It is
within the armed services that GIS is being developed for deployment planning and
execution. The armed services are the Army, Navy, Marine Corps, and Air Force. The
Army, Navy, and Air Force are the three Military Departments with the Marine Corps

being an armed service within Department of the Navy.
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3.3.1 Army

The US Army is the first armed service to be reviewed. The Army’s mission is to
“preserve the peace and security, and provide for the defense of the United States, the
Territories, Commonwealths, and Possessions, and any areas occupied by the United
States; support national policies; implement national objectives; and overcome any
nations responsible for aggressive acts that imperil the peace and security of the United
States” [17]. These combative forces make up the force structure that is currently
conducting operations in more than 50 countries worldwide [2, 21]. The Army is broken

into corps, division, brigade, and battalion as shown in Figure 2. The organizational

First Army -
Third Army | Field Army
Fifth Army (2-5 Corps)

| Corps
Il Corps Corps Corps
V Corps (2-5 Divisions) (2-5 Divisions)
XVIII Corps
10 Active Divisions Division
2 Integrated Divisions (3 Brigades) 10,000-18,000 Soldiers
8 ARNG Divisions

Brigade Brigade 3000-5000 Brigade
(3 or more Battalions) (3 or more Battalions) Soldiers (3 or more Battalions)
[
Battalion
(3-5 Companies) 500-900 Soldiers
Company
(3-4 Platoons) 100-200 Soldiers

Platoon _
(3-4 Squads) 16-40 Soldiers
|

Squad
(4-10 Soldiers)

Figure 2. Army Organizational Chart [17]
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structure is shown on the left side of the figure, and the right side shows the rank of the
commander at that level. There are only three field armies: the First, Third, and Fifth US
Army. This is the largest tactical field unit that can be employed. General Schwarzkopf
commanded a field army during Operation Desert Storm. However, during Operation
Iraqi Freedom, the largest unit deployed was only a corps which has between 20,000 and
40,000 personnel. The Army currently has four active corps of which three are
headquartered in the US (I, 111, and XVIII Corps) and one in Germany (V Corps). Below
the corps, a division is the next sized unit, which has between 10,000 and 16,000
personnel. A division can conduct major tactical operations and sustained battles and
engagements. Five types of divisions are light infantry, mechanized infantry, armor,
airborne, and air assault. The Army currently has 10 active duty divisions and eight
reserve divisions. A brigade contains between 1,500 and 3,200 personnel. Armored
cavalry of this size are referred to as regiments [17]. The Army currently has one active
armored cavalry regiment and one light cavalry regiment [5, 22].

The Army deployment plan is to have the corps be self supporting with airborne
and vertical capability. The first brigade of the corps is to be on the ground four days
after the initiation order. The first division is to be in position 12 days after the order.
The two heavy divisions are sea lifted from stateside bases and are to start arriving by day
30. The two heavy divisions can consist of armored, mechanized, or air assault units,
with the mix determined as required by the operation. The two divisions are to be in
position within 75 days of the initiation order [18, 3].

The Army has recently fielded a new expeditionary war unit, the Stryker Brigade

Combat Team (SBCT). The SBCT is designed to “bridge the gap between the Army’s

22



light and heavy forces” [19]. The Stryker is an eight-wheeled medium weight armored
vehicle. “The Stryker fulfills an immediate requirement to equip a strategically and
tactically deployable brigade, capable of rapid movement worldwide” [19]. The Army is
currently working to field six operational SBCTs and one training SCBT. The vehicle is
air-transportable in any of the Air Force’s transport aircraft [20]. The medium weight
SBCTs are the Army’s answer to the changes in the DOD to a more expeditionary
mindset.

In an effort to reduce the amount of equipment that must be deployed forward for
a conflict, the 1997 QDR called for a pre-positioned cargo capacity of four million square
feet for both the Army and Marines with complementary land-based pre-positioned
equipment [18, 4]. This cargo, including equipment and supplies, is placed at or near
where it is planned to be used during military operations. The purpose of pre-positioning
is “to reduce reaction time, and to ensure timely support of a specific force during initial
phases of an operation” [13, 416]. Prior to Operation Iraqi Freedom, the Army had six
brigade sets pre-positioned—three in Europe, two in Southwest Asia, and one in Korea
[18, 4]. Additional assets were afloat around the world as part of the Army Pre-
positioned Stock (APS) program. Part of the assets that were afloat included a heavy
combat brigade with sufficient supplies to sustain a corps until lines of communication
and resupply are established [18, 3].
3.3.2 Navy

This section will review the Navy’s role in force projection. Since the end of the
Cold War, the Navy’s role has evolved due to threat changes, and this change will be

highlighted. This section also covers the current force structure and deployment method

23



for the Navy whose mission is “Maintain, train and equip combat-ready Naval forces
capable of winning wars, deterring aggression and maintaining freedom of the seas” [2,
22].

During the Cold War, the Navy was focused on finding, attacking, and defeating
naval forces in the deep-blue ocean. However, since the end of the Cold War, there has
been no global threat to the Navy or US interests. As a result, the Navy changed to meet
new threats. The Navy published the documents ...From the Sea and then
Forward...From the Sea to show the change of a blue water navy to a one that operates in
the littoral or coastlines of the world to allow for continued forward presence [21, 4].
Littoral regions are areas adjacent to an ocean or sea that are within control of and
striking distance of sea-based forces.

Now, the Navy is able to project power to land adjacent to the seas and oceans of
the world [22, 1]. By changing to include littoral regions, the Navy and Marine forces
could now seize and defend forward bases, including ports and airfields, for follow-on
forces from other services. This control of the littoral regions comes in addition to, not
replacement of, control of the seas around the land which provides theater commanders
great flexibility [22, 7]. In other words, the Navy provides a critical link between
peacetime operations and the initial requirements during a developing crisis anywhere in
the world [22, 2].

The Navy now has five roles in force projection: (1) project power from sea to
land, (2) control the sea and maritime supremacy, (3) strategic deterrence, (4) strategic
sealift, and (5) forward naval presence [22, 10]. The DOD says the Navy is “America’s

forward deployed force and a major deterrent to aggression around the world” [2, 22].
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The Navy accomplishes these five roles with a smaller force than during the Cold
War. The 1997 QDR concluded that the Navy needed to sustain a force of 346 ships for
US security. However, as of 2001, the projected resource limitations will only allow the
Navy to maintain about 300 ships over the next decade [21, 10]. The Navy’s current

combative force size is shown in Table 2.

Table 2. Navy Combative Forces [5, 22]

Aircraft Carriers 12
Air Wings
Active 10
Reserve 1
Amphibious Ready Groups | 12
Attack Submarines 55
Surface Combatants
Active 108
Reserve 8

This combative force structure reflects the Navy’s way of deploying. The Navy
bases its deployment strategy around the warship. In Forward...from the Sea, the Navy
said:

“A US warship is sovereign US territory, whether in a port of a friendly

country or transiting international straits and the high seas. US naval

forces, operation form highly mobile “Sea bases” in forward seas, are

therefore free of the political encumbrances that may inhibit and otherwise

limit the scope of land-based operations in forward theaters” [22, 5].

The Navy again states its reliance on warships in the Navy Strategic Planning Guidance,
which lists the aircraft battle group (ACBG) and the amphibious ready group (ARG) as

the key elements of forward Naval presence [21, 8]. The ARG will be discussed in

Section 3.3.3 along with the Marine Corps.
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The Navy’s most basic and important part of the forward presence is the ACBG
[22, 4]. The ACBG is very flexible because of its naval tactical aviation wings and
several support ships. The Navy deploys ACBGs around the world in potential hotspots,
currently including the Far East, the Persian Gulf, and the Mediterranean Sea. A carrier
battle group provides a quick response from the sea to any crisis worldwide [2, 22].
Combatant commanders can combine multiple ACBGs into a carrier battle force. When
the carrier battle force is combined with Marine ARG and pre-positioned assets, the
combatant commander has an impressive power projection tool [22, 5].

The majority of Navy combat assets are self deploying, meaning they deploy with
all the assets needed to conduct military operations [11, 11-22]. However, the Navy still
has sustainment stocks, shore-based logistic support augmentation personnel, fleet
hospital personnel and equipment, and engineering personnel and equipment that must be
included in the TPFDD to support Navy operations [11, 11-22].

Like the Army, the Navy also has pre-positioned ships around the world to reduce
the Marine’s Corps response time for contingency operations. The 16 Maritime
Prepositioning Ships (MPS) carry US Marine Corps vehicles, equipment, and
ammunition throughout the world. The MPS ships are assigned to three squadrons
located in the Mediterranean, the Indian Ocean at Diego Garcia, and the Western Pacific
at Guam and Saipan. The ships in each squadron can support 17,000 personnel for 30
days and are able to unload their own cargo. In 2000, three additional ships were added
to increase capacity to carry expeditionary airfields, Seabee construction equipment, and

field hospital cargo [23].
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The Seabees are the Navy’s expeditionary construction force. In August 2002,
the Naval Construction Force (NCF), which is the Seabees, was reorganized under the
First Naval Construction Division, which reports to Commander, Fleet Forces Command.
The First Naval Construction Division (INCD) has operational and administrative control
over the active and reserve components of the NCF

The active component consists of two Naval Construction Regiments (NCRS),
each with four Naval Mobile Construction Battalions (NMCBSs) and one Underwater
Construction Team (UCT). The majority of the Seabee force structure is within the
NMCBs, which have a peacetime manning of approximately 625 personnel, and increase
to 813 personnel during wartime [24]. The NMCBs:

“provide responsive military construction support to Navy, Marine

Corps and other forces in military operations, construct base facilities

and conduct defensive operations. In addition to standard wood, steel,

masonry and concrete construction, NMCBs also perform specialized

construction such as water well drilling and battle damage repair. They

are able to work and defend themselves at construction sites outside of

their base camp and convoy through unsecured areas. In times of

emergency or disaster, NMCBs conduct disaster control and recovery

operations” [25].

The active duty NMCB’s deployment rotation consists of a 10-month homeport training
period, followed by a 6-month deployment to one of three forward deployment sites:
Okinawa, Japan; Rota, Spain; or Guam. The UCTs have 75 divers and support personnel
and have a similar deployment rotation, only on a smaller scale [24]. UCTs are trained
and equipped to inspect, repair, maintain, and construct piers, wharfs, underwater sensor

and training systems, underwater cable systems, mooring systems, underwater utility

systems, and conduct underwater geotechnical and hydrographic surveys [26, E-18].
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The Seabee reserve component of the NCF consists of four NCRs, 12 NMCBs,
two Construction Battalion Maintenance Units (CBMUSs), and one Naval Construction
Force Support Unit (NCFSU). The CBMUs have 350 personnel assigned and tasked with
performing as a deployable public works department in support of Navy and Marine
Corps shore facilities. The NCFSU is a 460-person unit, which possesses a wide range of
heavy construction equipment (batch plants, heavy cranes, line haul vehicles) to augment
the capabilities of other NCF units [24].

As an example of the Seabees’ capability, during Desert Storm, the Seabees
provided initial construction support for the First Marine Expeditionary Force. The
Seabees built facilities at four airfields for the Marine air units. Work included parking
aprons, facilities to house the incoming units, operations areas, and ammunition supply
areas [27]. By the end of Desert Storm, the Seabees had built 10 camps for more than
42,000-personnel; 14 galleys capable of feeding 75,000 people, and 6 million square feet
of aircraft parking apron [28]. Similarly, during Operation Iraqi Freedom the Seabees
provided direct support to Marine Corps forces ability to maneuver by constructing
bridges, repairing and maintaining main supply routes, and constructing forward
operating bases. After the initial combat push into Iraq, Seabees constructed force
protection structures for security forces and were key in commencing the reconstruction
of public schools, courthouses and police stations, and reestablishing power, water, and
waste water services [24].

3.3.3 Marine Corps
This section reviews the Marine Corps combative force structure. This force

structure is designed around the amphibious attack role that the Marine Corps fills in
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force projection. The Marine Corps mission is to “maintain ready expeditionary forces,
sea-based, integrated air-ground units for contingency and combat operations, and
stabilize or contain international disturbances” [2, 23]. The Marine Corps is able to
“respond across the spectrum of conflict in the littoral and, as part of a joint force, in the
execution of sustained land operations” [29, 4]. The Marine Corps combat force is the
Marine Air-Ground Task Forces (MAGTAFs). Under a single commander, a MAGTAF
is an integrated, combined arms force including air, ground, and combat service support
units [29, 3]. As discussed during the Navy review, the MAGTAF is embarked on
forward-deployed ships and provides deterrence and power projection. Since the
MAGTAF is afloat, the units can be flexibly placed to respond to potential threats [21,
13].

The largest example of the MAGTAF is the Marine Expeditionary Force (MEF)
[30]. Asshown in Figure 3, a MEF is comprised of one or more Marine Aircraft Wings,
one or more Force Service Support Groups, and one or more complete Infantry Divisions.
A MEF can range between 20,000 and 90,000 Marines with an average of around 40,000
Marines [30]. The Marine Corps has three active duty MEFs [31]. A MEF is task-
organized to fight and win a conflict up to the size of a major theater war [29, 3].

A MEF can be tailored to respond to a smaller conflict as a Marine Expeditionary
Brigade (MEB). A MEB is sized to respond to smaller actions ranging from forcible
entry into another country to humanitarian assistance [29, 3]. A MEB deploys on 15
amphibious ships with 30-day sustainment capability. The MEB’s organizational
structure is shown in Figure 4. The ground combat element is built on an infantry

regiment from the MEF. The aviation combat wing can conduct offensive air support,
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assault operations, electronic warfare, control of aircraft and missiles, anti-air warfare,

and air reconnaissance [30].

MEF Command
Element

Division
18,000 Marines

Wing
15,000 Marines

9,000 Marines

Field Service Support Group

3 infantry regiments
(9 infantry battalions)

approximately
300 aircraft

military police

— 1 artillery regiment
(4 artillery battalions)

- 1 tank battalion

— 1 lioht armored battalion

— 1 amphibious assault battalion

L 1 combat engineer battalion

supply

maintenance

engineering

health services

transportation
assets

Figure 3. Marine Expeditionary Force Organization [30]

MEB Command Element

Ground Combat
Element

Aviation Combat
Element

Brigade Service
Support Group

Figure 4. Marine Expeditionary Brigade Organization [30]

The Marine Expeditionary Unit (MEU) is an even smaller deployment package

than a MEB. Its organizational structure is shown in Figure 5. The ground component of
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the MEU is comprised of an infantry battalion, which becomes a battalion landing team
when tanks, artillery, engineers, amphibious vehicles, light armored vehicles, and other
combat support vehicles are added to it. The aviation combat element consists of both
fixed and rotary wing aircraft. The combat service support element contains 2,200
troops, 4 tanks, 13 amphibious assault vehicles, 22 helicopters, 6 tactical aircraft, and 6
artillery howitzers [30].

The unique deployment method of the Marine Corps over the other services is the

Marine Corps ability to enter land directly from the ocean or conduct an amphibious

MEU Command Element

Battalion Aviation Combat
Landing Combat Service
Team Element Support
Element

Figure 5. Marine Expeditionary Unit Organization [30]

operation. The new V-22 aircraft, which has vertical take-off and landing capability
while still flying like an airplane, will extend the reach from the water of the Marine
Corps past the current helicopter range [21, 13].

The current guidance for joint amphibious operations is JP 3-02, Joint Doctrine
for Amphibious Operations. JP 3-02 identifies four types of amphibious operations:
amphibious assault, amphibious raid, amphibious demonstration, and amphibious
withdrawal. Amphibious assault is the most common amphibious operation which

involves establishing a landing force on a hostile or potentially hostile shore. During an
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amphibious withdrawal, military forces or civilians are extracted by sea in naval ships
from a hostile or potentially hostile force [32, 11-12].

Planning for the amphibious assault begins when a combatant commander issues
an initiating directive to the Commander Amphibious Task Force (CATF). Once the
order is received, the CATF and the Commander, Landing Force (CLF) step through 12
predetermined basic decisions for committing amphibious units [32, 14]. The 12-step
process includes the following:

Selection of Amphibious Task Force (ATF) general COA

Selection of ATF objectives

Determination of Landing Force (LF) Mission

Designation of Landing Sites

Determination of LF objectives

Selection of beachheads

Selection of landing area

Formulation of landing team concept of operations ashore

Selection of landing beaches

10 Selection of helicopter landing zones

11. Selection of fixed-wing aircraft landing zone for airborne and air-
transported operations

12. Selection of tentative date and hour of landing [32, 50].

©CoOoNOA~WNE

Steps 4, 6, 7, 9, 10, and 11 are of particular interest to this research effort. Each of these
stages requires the CATF and CLF to use imagery and other information to make a
decision.
3.3.4 Air Force

The third Military Department in the DOD is the Air Force. Its mission is to
“defend the US through control and exploitation of air and space” [2, 24]. The Air Force
provides a rapid and flexible lethal air and space capability wherever necessary. The Air
Force has a worldwide presence, and annually flies into all but five nations in the world

[2, 24]. However, the Air Force, similar to the other services, has seen force and base

32



size reductions while mission requirements have increased. The Air Force is operating
with two-thirds fewer permanent overseas bases, one-third fewer people, and a 400
percent increase in the number deployments since the end of the Cold War [33, 6]. The
current authorized combat strength for the Air Force is 46 active fighter squadrons, 38
reserve fighter squadrons, four air defense squadrons, and 112 bomber aircraft [5, 22].

A combat flying wing is organized as shown in Figure 6. The wing is broken into

four groups by function—operations, maintenance, mission support, and medical. The

Wing Commander

Wing Staff Comptroller
[ I I |
Operations Group Maintenance Group Mission Support Medical Group
Group
|| Operations || Maintenance CiVi.I Medical
Squadron(s) Squadron(s) | Engineer — Support
Squadron
Squadron
Operations Aircraft/Missile Communication
— Support — Maintenance | Squadron -
Squadron Squadron(s) — Medical
Mission Support ggj;gtr'ggs
Maintenance Squadron
(S)pj;gtrlgr?s Security Forces Aerospace
g | Squadron || Medicine
Squadron
— Services Squadron
Logistics Readiness — Dental
|| Squadron Squadron
—1 Contracting Squadron
Aerial Port Squadron
— | (as applicable)

Figure 6. Air Force Combat Wing Organization [34, A-1-1]
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operations group contains the flying squadrons and operations. The maintenance group is
responsible for keeping the planes in flying condition. The mission support group
provides the necessary support other than maintaining aircraft that is necessary for a base
to function. Finally, the medical group contains the hospital or clinic and the dental
offices.

On August 4, 1998, the Secretary of the Air Force announced the adoption of the
Expeditionary Aerospace Force Concept for deploying forces to crises and ongoing
contingency operations. Under the concept, combat, mobility, and support forces (active,
Air National Guard and Air Reserves) are placed into one of the 10 Air Expeditionary
Forces (AEFs). The AEFs are paired up and given set rotational time periods, or
vulnerability windows, when the units are vulnerable to deploy [33, 4].

The size of each pair of AEFs was based on historical contingency deployments.
Each pair of AEFs was planned to support at least the five ongoing contingencies at the
time: 1) Northern Watch in Iraq, 2) Southern Watch in Irag, 3) Operation Deliberate
Force in Bosnia, 4) counter-drug operations in South America and the Caribbean, and 5)
North Sea operations in Iceland [33, 7]. Each AEF has roughly the same capability with
similar compositions of fighters and bomber squadrons, airlift and refueling squadrons,
and combat support from active and reserve units. Assets in each AEF are not identical;
however, the capability in each AEF is equivalent [33, 8].

Under the planned rotation cycle, each pair of AEFs covers 90-day vulnerability
windows. During this window, the AEF will be deployed as required to support
contingency operations; otherwise, the unit remains at home station. At the end of the

90-day period, the plan is to have deployed units be replaced by the next AEF. It does
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not matter at the end of the window whether the forces deployed or not; all the forces that
were vulnerable during the window are unavailable for contingency operations for the
next 12 months. For the first 10 of the 12 months, the AEF forces conduct normal
training and operations. The last two months of the 12, the units prepare for their
upcoming vulnerability window through exercises and training [33, 9].

During the vulnerability window, if the units are deployed to a new FOL, the civil
engineering unit uses the Air Force’s planning guidance for bare bases, Air Force
Pamphlet (AFPAM) 10-219: Bare Base Conceptual Planning Guide, as a starting point to
lay out the new FOL. The guide “highlights key features and considerations associated
with bare base planning, describes the types of shelters, utilities, and support items
available for bare bases, and addresses the general procedures for installing and erecting
these assets” [6, 9].

The Air Force uses mainly two types of deployable units for forward deployment
construction: Prime Base Engineer Emergency Force (Prime BEEF) and the Rapid
Engineering Deployable Heavy Operational Repair Squadron Engineers (RED HORSE).
Prime BEEF teams are organized to provide initial FOL construction and then provide
the sustainment forces required for continued operation of a combat wing. A initial
deployment team contains 104 engineers and 24 firefighters with additional follow-on
teams adding another 46 engineers and 12 firefighters [26, E-8]. A Prime BEEF team is
able to provide the following:

e command and control for all engineering functions

e operations and maintenance for facilities, utilities, and the airfield
e minor construction including force protection projects

e 24-hour aircraft crash fire rescue support
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e limited base recovery operations to include rapid runway repair (RRR),
expedient facility and utility repairs, and coordination of airbase defenses
against conventional, nuclear, biological or chemical (NBC) attack [26, E-8]
The team deploys with a team kit of tools required for all operations and weapons [26, E-
8].

A RED HORSE team is capable of heavy construction and repair. Each RED
HORSE squadron has 404 personnel and is organized around 4 echelons (R1-R4). Each
echelon has its own personnel and equipment based on mission requirements. The
squadron deploys to a central location within the AOR. Then, teams are deployed from
the central location to locations around the AOR to accomplish projects. This type of
deployment is called a hub and spoke method. Each team deploys with its own force
protection [26, E-10]. Table 3 summarizes the four echelon’s deployment time,
capabilities, weight, and transportation time required. R1’s 16 personnel are deployed
with 16 hours of notification while R3’s 120 personal take 6 days. R1 does not have any
construction ability. R2 is setup to accomplish initial base beddown construction
requirements. R3 and R4 are capable of heavy horizontal and heavy vertical
construction respectively.

The squadron also contains six equipment sets (H-1 through H-6) to augment the
R-1 through R-4 echelons. H-1 is used to supplement R-2 and R-3. The set includes
bulldozers, scrapers, front end loaders, graders, excavators, compaction machinery, and
tractor trailers for transporting equipment. H-2 contains equipment for specialized
building construction including a large crane, forms for footings, and concrete placement
tools. H-3 contains the equipment necessary for shallow and deep well drilling. H-4 is

an asphalt batch plant, H-5 is a concrete batch plant, and H-6 has the equipment
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necessary to conduct quarry operations. H-6 is used when the local area cannot provide

the necessary volume or quality of gravel for horizontal construction projects [26, E-11].

Table 3. RED HORSE Deployment Teams [35, 12] and [26, E-10]

Team R1 R2 R3 R4

Personnel 16 148 120 120

Time required 16 hours 96 hours 6 days 8 days

to deploy

Mission Initial surveys | Base Heavy Heavy vertical
and advance development horizontal construction

planning and beddown construction
Construction None Beddown Site Construction
capabilities construction, development; and repair of
rapid runway construct, existing
repair, aircraft | repair or facilities, large
arresting expand frame building
systems, runways, erection,
essential utility | taxiways, utility and
work, ramps, roads, electrical
earthwork, and revetments; | equipment
pavement heavy setup and
repair and earthwork, and | operations.
upgrade limited vertical | Limited
construction horizontal
capability capability
Additional Minor vehicle | Minor vehicle | Supply
capabilities maintenance, maintenance
supply, food and supply
services, and
mortuary
affairs
Weight 25.2 tons 546.9 tons 950.5 tons
Transportation | 2 C-130 or 45 C-130s and | Surface
required 1C-141 3C-5s or transportation

15 C-141s and
3 C-5s
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4.0 Geospatial Information Technology

This section reviews a few fundamentals of GIS which is necessary before a
discussion of current DOD GIS use can be accomplished. For this review, GIS is broken
into three parts: the Global Positioning System (GPS), remote sensing, and imagery.
GPS is used to determine an exact location on the earth. Then, remote sensing is used to
gain information about that position without having to travel there. Finally, imagery is
used to produce an image to be used in the GIS.

4.1 Global Positioning System

Part of GIS is knowing exactly what part of the earth is being viewed. This
knowledge can be gained through detailed land surveys, but more commonly, GPS is
used. The DOD developed GPS to provide all-weather, round-the-clock navigation
capabilities for military units on land, sea, and in the air. GPS has grown past its initial
military roots to be extensively used in civilian applications ranging from the corporate
world to personal recreation [36].

GPS uses 24 satellites in 20,200 km circular orbits inclined at 55 degrees. The
satellites are in six orbital planes with four satellites working in each plane. The initial
satellite constellation was completed on March 9, 1994 [36]. The constellation is shown
in Figure 7. These satellites are used to determine an exact location on the earth. Until
2000, the military scrambled the higher resolution signal and only provided a lower
resolution signal to the public. However, in 2000, President Clinton ordered that the
higher resolution signal not be scrambled anymore [37]. This decision allows all GPS
users to know their exact location, within 20 meters, anywhere on the earth [36]. A new

round of GPS satellites is under development with scheduled completion in 2012. The
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newer satellites will improve the accuracy to sub meter resolution, allow for precision
timing for high speed communication capabilities, and have enhanced signal levels to

resist jamming [38, 11].

Figure 7. GPS Satellite [39]

4.2 Remote Sensing

The next key part in GIS is to remotely image the location of interest. Often, the
DOD is interested in mapping and understanding areas that are controlled by adversaries
or are large enough that a land survey of the terrain is not efficient. Remote sensing is
defined as acquiring “information about an object without contacting it physically” [40].
In regards to GIS, the purpose of remote sensing is to produce an image—discussed in
the next section—without actually having to physically touch the terrain or area of
interest. The necessary information for the image can be remotely obtained from aerial
photography or satellite imaging [40].

Aerial photography involves a plane flying over a specified area with reference

marks on the ground. The plane flies at a predetermined altitude, and has a camera
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mounted looking down taking pictures of the terrain under or off to one side of the plane.
The plane flies over an area several times to cover the entire area. The multiple pictures
are placed together and a scale can be determined based on the reference marks in the
pictures [41, 19].

Aiircraft can also use Light Detection and Ranging (LIiDAR) sensors. LiDAR uses
a laser attached to the aircraft to determine the elevation and location of features under
the plane. The result is a three dimensional image. LiDAR can be combined with
spectral imagery to produce horizontal and vertical feature information [41, 19].

Remote sensing by satellite is accomplished by having satellites in orbit around
the earth looking down with sensors. The satellites have predictable orbits that can
accurately document the Earth’s surface [42]. Satellite sensing is classified into two
types: passive and active remote sensing [43]. Passive sensing uses sensors that detect
the reflected or emitted electro-magnetic radiation naturally occurring in the visible and
near infrared wavelength. This radiation is reflected by different materials on the Earth’s
surface [43]. Different materials such as soil, water, trees, buildings, and roads all deflect
the light in different, but predictable ways. This reflected light is then interpreted based
on previous knowledge of materials, and the result is an image that resemble a
photograph taken from space [42]. Active remote sensing detects the reflected energy
from the satellite. The energy emitted is microwave radiation, which is used to illuminate
the areas to be imaged. The sensors measure the microwave energy that is reflected back
to the satellite. This allows the satellites to work day or night and can penetrate cloud

cover [43].
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4.3 Imagery

Remote sensing produces an image that is either photographic or digital. An
image is a “graphic representation or description of a scene, typically produced by an
optical or electronic device” [40]. The photographic image works like a regular camera
by using light sensitive film to record the image. The digital image is collected on
electronic sensors and stored electronically rather than on film. The image is stored as a
set of data values that represent the intensity of reflected light, heat, or other responses
from electromagnetic radiation [40]. Both methods create an image that can be used for
GIS applications.

The images produced can be black and white, infrared, color, and color infrared.
The initial photographic image will have alterations of the geographic features either in
size or shape, which are commonly called image distortion. Distortion is usually
measured by spatial resolution, which in the smallest identifiable feature in an image.
For example, a one-meter resolution means that objects of one meter or greater can be
identified in the image [41, 19].

Once the image is collected, it must be stored for later use. The focal point for the
DOD imagery, imagery intelligence, and geospatial information is the National
Geospatial-Intelligence Agency [11, 11-24]. DOD organizations can request imagery
from NGA at little or no cost to support operations. NGA was formerly named the
National Imagery and Mapping Agency (NIMA); however, in the 2004 Defense

Appropriations Bill, the Agency was renamed NGA [44, 2].

41



4.4 Geographic Information System

Geographic Information System (GIS) is defined as “an organized collection of
computer hardware, software, geographic data, and personnel designed to efficiently
capture, store, update, manipulate, analyze, and display all forms of geographically
referenced information” [9]. GIS allows a user to access geospatial information in a
timely and accurate manner. With the aid of computers, several separate sources can be
combined into a single database based around the geospatial information.

The information in a GIS is stored in layers. Layers are used to overcome the
technical difficulties that would result from trying to store and retrieve the large amounts
of information that are stored in a geodatabase. It is also easier to work and sort
information in layer format because layers of relevant information can be selected while
non-relevant layers can be hidden [45]. An example of some layers used on a typical
map may include the following:

Layer 1: basic image

Layer 2: vegetation (stored as areas)

Layer 3: land contours (spot-height or contour maps)
Layer 4: facilities (lines and shapes)

Layer 5: underground water (area)
Layer 6: location of water valves (points)

Sk~ wdE

Figure 8 illustrates the combined layers. Information for the layers is stored in a
database format. The two types of storage are vector and raster models. In a vector
model, the image and information are stored as geometric objects such as points, lines, or
polygons. In a raster model, the data is stored in image files composed of grid-cells
known as pixels [45]. Spatial information can be stored in one or both formats by using

specialized software.
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Figure 8. Layers of a GIS [46, 20]

The leading GIS software provider is Environmental Systems Research Institute
(ESRI), which offers one of the broadest ranges of software products [47]. ESRI was
started in 1969 [48], and launched its first commercial GIS software in the 1980s [49].
ESRI software is now used by over 300,000 organizations worldwide “including most US
federal agencies and national mapping agencies, 45 of the top 50 petroleum companies,
all 50 US state health departments, most forestry companies, and many others in dozens
of industries” [48].

Currently, 70 percent of ESRI’s sales are to government agencies. “The
company’s offerings are the de facto standard for government GIS and were of critical
importance during recovery efforts after the September 11, 2001, terrorist attacks and,
more recently, the space shuttle Columbia disaster” [49]. ESRI has also started funding a

grant program that gives GIS devices to state and local agencies. A grant requirement is
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that the receiving organization must show an intent to share the information with other
organizations that might need it in the interest of homeland security [49].
5.0 Armed Services’ Use of GIS

The Armed services of the DOD have been pursuing GIS technology through
many different avenues. Much of the underlying technology is similar, but the desired
outcomes are different based on the missions of the separate services. This section
presents an overview of each service’s current GIS uses. The overview begins with the
Army, then continues with the Navy and Marine Corps, and ends with the Air Force.
5.1 Army

The Army has both an installation GIS capability and a deployable GIS
capability. The level and maturity of the installation GIS is not entirely clear. The
Army’s installation GIS capability was summarized during the 2003 GeoBase
conference. The presentation indicated that there was no centralized GIS program for
installations. The installation efforts were stove-pipe implemented, not accessible to
most Army offices, and were not consistent or standardized [50, 4]. The presentation
also stated that the Office of the Assistant Chief of Staff for Installation Management
(OACSIM) was the lead for Army Enterprise (installation) GIS [50, 18].

The GIS homepage for OACISM says that in November 2002, an Army GIS
manager was hired. Currently, the OACISM GIS office is developing a GIS roles and
responsibilities letter, a GIS implementation strategy, and a data call and inventory letter.
The data call letter will require installations to submit data to the HQDA annually. The
layers that will be required are accident potential zones, noise contour lines, base

boundaries, explosive safety quantity distance arcs, wetlands, 100-year flood plains,
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range complex, and 1-meter or better imagery [51]. If successful, this annual requirement
should lead to all Army installations using some level of standardized GIS.

The Army has established the CADD/GIS Technology Center to help installations
start and maintain GIS applications. The center provides a full range of technical and
professional services for CADD and GIS including “the development and implementation
support for data format standards, centralized procurement of products and applications,
provisions of a clearinghouse for information exchange, and furnishing technical
assistance to managers and users of these systems” [52].

The Army’s GIS use for deployment planning and execution is more mature and
well defined. The USACE maintains the Army’s GIS system is the Combat Terrain
Information System (CTIS) Project. The mission of CTIS is “the materiel development
and acquisition of topographic support systems to meet the terrain geospatial information
requirements of the Army Warfighter” [53]. It was recognized that the previous terrain
analysis, topographic, and reproduction support provided by the Army Engineer Terrain
Teams did not meet the requirements of the more digital Army. In the new digital Army
being developed, each commander must have the ability to quickly access terrain
information and topographic support [53]. CTIS is working to meet the needs of the
evolving Army through the use of GIS. CTIS will allow the commanders to use digital
maps for planning, rehearsing, and executing military operations. It also includes
automated terrain analysis and visualization, terrain database management and
distribution, and map reproduction [53].

The CTIS program includes not only GIS software, but also specially built

consoles for military vehicles and tent conditions. Digital Topographic Support System
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(DTSS) uses the commercial software of ESRI’s and ERDAS Imagine to generate tactical
decision aids (TDAs). TDAs are meant to provide the tactical level commander
additional information to aid in making decisions. DTSS gives a user the ability to
generate a variety of inter-visibility and mobility TDAs. For example, the mobility TDA
shows on a digital map the quickest route across a given terrain. The user may also
customize the TDA based on the AOR mission requirements. TDAs can be placed over
an image as a layer to create a map-like product. The TDAs produced can be output to
other Army systems [53].

The two systems fielded on military vehicles are the DTSS-Heavy (DTSS-H) and
the DTSS-Light (DTSS-L). Each vehicle is a fully autonomous terrain analysis and
graphics reproduction facility. The DTSS-H is field deployed on a 5-ton military truck,
and can receive, format, create, manipulate, merge, update, and store digital topographic
data. The system can produce hard or soft copies of any of the topographic information.
The DTSS-L is sized to fit on a HMMWYV. Both setups are shown below in Figure 9.
The DTSS-H’s fielding was completed in the first quarter of 2000; however, it is being
replaced by the more mobile DTSS-L. The DTSS-L is capable of supporting the full

range of military operations [53].

DTSS-L
Figure 9. DTSS-H and DTSS-L [53]
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The DTSS-Deployable (DTSS-D) uses commercial-off-the-shelf (COTS)
hardware for terrain analysis and operates all types of software. The DTSS-D is a set of
transportable workstations and peripherals that are housed in transit cases. The DTSS-D,
shown in Figure 10, does not include tactical shelter facilities or communication ability.
This system is used to “quickly produce maps products from multispectral imagery when

standard products were unavailable or unsuitable for reasons of content or currency” [53].

Figure 10. DTSS-D [53]

The DTSS-B is a theater level configuration of desktop computers and plotters.
The system is designed to provide quick response mapping, terrain analysis, and terrain-
related for integrated battle planning. The system is a standalone server for geospatial
information, which can be updated as required from other sources. The goal of the
system is to limit the amount of information that the forward units must retrieve and rely
on from stateside locations. As a result, this system provides quicker response times
when geospatial information is requested at the theater level. The system is meant to
augment the capabilities of NGA. The system is also able to produce copies of maps and

other geospatial information required by a commander [53].
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The CTIS was also developing the DTSS-Survey (DTSS-S). The DTSS-S
consists of an automated integrated survey instrument, GPS-Survey, a digital level, a
laptop/docking station computer to support survey computations, and a large-format, low-
volume plotter. However, further development and production of this system is not
scheduled currently [53].

One of the current TDAs available within DTSS is Battlespace Terrain Reasoning
and Awareness (BTRA). BTRA is designed to “integrate terrain and weather effects and
develop predictive decision tools to exploit those products” [54]. BTRA consists of six
information generation components and five decision tools for addressing terrain and
weather effects. The components use terrain feature data, digital elevation models,
current and forecasted weather, and information regarding tactics, techniques, and system
performance. BTRA outputs information about the following:

1. Observation, cover and concealment, obstacles and mobility, key terrain
avenues of approach
Integrated products defining operational positions of advantage
High fidelity weather/terrain effects of mobility and signature physics
Advanced mobility analysis
Digital ground and air maneuver potential

Tactical structures relating information produced by the other components
[54]

SEORFREN

Figure 11 shows an example image from BTRA. For this example, the military units are
starting in the lower right hand corner and traveling to the objective in the middle of the
figure. The BTRA suggests a route and displays the maneuver corridor. It also suggests
suitable locations for artillery and areas that should be controlled to cover the corridor.
The Army has field BTRA Version 2.0 in DTSS Version 8.0. However, the research and

development is scheduled to continue through 2006 [54].
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Figure 11. BTRA Graphic [54]

5.2 Navy

The Navy has pursued GIS for installation and deployment purposes. At the installation
level, the Navy uses GIS for decision and planning support. The uses range “from utility
and building maintenance and management, environmental planning, restoration, and
compliance, construction planning, and requirements prioritization” [55, 33]. Installation
security also uses GIS for public safety, force protection, and anti-terrorism support.
“Security patrol routes, emergency dispatch, natural disaster response, consequences
management, explosive safety and surveillance video arcs, and vulnerability assessments
are all enhanced by visualization through common applications delivered to desktops”
[55, 33]. The Naval Facilities Engineering Command is also one of the charter members
and sponsors of the CADD/GIS Technology Center for Facilities, Infrastructure, and the

Environment described in the previous section [56].
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One example of the Navy’s installation GIS was when the Public Work Center
(PWC) Japan began implementing GIS technology in their command in 1995. The
command encompasses the Japanese islands of Honshu, Kyushu, and Okinawa. In 1998,
the PWC became the GIS provider for Naval Complexes (NC) in the Japan Region. For
GIS purposes, the Navy consolidated its 26 geographically separated locations in Japan
into five Naval Complexes for more centralized control. The regional office consists of
one American Civil Service manager and four Japanese nationals. The separate NCs
have a point of contact that the regional staff for coordination. The regional staff
accomplishes all contract support, data development, training, and related equipment
procurement. Each of the remote sites maintains a GIS server for use by the NC. This
allows direct access and editing. The remote sites are backed up to the regional data
servers regularly. Then, the regional server provides access to the majority of users in the
region. The program attempts to integrate information from planning, utilities,
environmental, housing, life/safety, natural and cultural resources, and engineering [57].

The Navy’s operational GIS use reflects the mission focus of water and littoral
operations. The Navy has developed Digital Nautical Charts (DNC®) to support Navy
electronic navigation goals [58, 3]. DNCs are a vector-based digital database with
selected maritime significant physical features from hydrographic charts. Layers within
the DNC are data boundary, boundaries, hydrographic features, population,
transportation, vegetation [58, 9]. Other examples of information included in the DNC

are shown in Table 4.
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Table 4. Information included in Digital Nautical Charts [59, 12]

Culture

Land features of human origin (roads, buildings, industrial areas)

Earth Cover

Topographic shoreline, islands, and foreshore boundaries

Environment

Ocean currents, tides, and magnetic anomalies

Hydrography | Depth curves, soundings, bottom characteristics, depth areas

Inland Inland hydrographic features (rivers, lakes, and canals)

Waterways

Land Cover Shore features significant to navigation (trees, glaciers, swamps,
marshes)

Limits Significant to navigation (pilot boarding locations, restricted maritime
areas, and traffic separation schemes)

Navigation Marine navigation aids (buoys, lights, beacons, etc.)

Aids

Obstructions

Features that are considered a hazard to navigation safety (rocks,
wrecks, bridges, etc.)

Ports Unique features common in most ports (breakwaters, piers, wharves,
jetties, berths, bollards)

Relief Topographic spot elevations and contours

Data Quality | Everything you wanted to know about the paper source chart or survey
used in the compilation of the DNC. Provides historical data, edition,
Datum information, and related notes

Library Small scale depiction of the chart coverage for use in

Reference selecting a geographic reference position for viewing

The geospatial information is either obtained from the NGA, other nations, or

from the Navy’s fleet of eight survey ships that collect hydrographic and bathymetric

data [59, 2]. Figure 12 shows the availability of DNCs. The dots show locations of

specific information about harbor or approaches. The larger blue areas show areas of

general 