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ABSTRACT

U.S. ARMY SUSTAINABILITY: A STUDY OF ORGANIZATIONAL
CHARACTERISTICS AND THEIR IMPACT ON SUSTAINABILITY EFFORTS AT
ARMY INSTALLATIONS
Douglas A. Warnock, Ph.D.
George Mason University, 2015
Dissertation Director: Dr. Julianne Mahler

This dissertation examines the sustainability efforts of thirty-eight U.S. Army
installations. In 2000, Army installations began to develop goals in order to become more
environmentally sustainable. This research used institutional and environmental factors to
determine their effect on the installations’ reduction of waste, water and energy. A
sustainability index was developed to measure the installation’s success or failure to
become more sustainable. Based on this research, the Army has been somewhat
successful in its effort to become more environmentally sustainable. Of the thirty-eight
installations involved with this study, 68% are more sustainable from their base year (the
year they started their sustainability efforts) to 2012.
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CHAPTER ONE: INTRODUCTION

Central Research Question
What organizational characteristics lead to success in implementing sustainability
activities in an organization?

Problem Statement
The U.S. Army, as an institution, is a huge organization consuming vast amounts
of resources. Sustainability is important to the Army, but the Army remains
unsustainable.

Background
Sustainability
Currently, the world is in an unsustainable state. The Earth’s major lifesupporting resources are declining, while at the same time human consumption of, and
pressure on, those resources continues to rise. “Sustainability” is the ability to achieve
continuing economic prosperity while protecting the natural systems of the planet and
providing a high quality of life for its people. It is about meeting humanity's needs today
without harming the needs of future generation while considering environmental,
economic, and social dimensions.
Today, as never before, the competition for renewable and nonrenewable
resources such as petroleum, timber, precious metals and ores, food, water, and
undeveloped areas are stressing the earth’s ecosystems beyond their ability to recover.
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Pollution, commercial farming and fishing practices, mining, and an ever increasing and
expanding human population have already impaired or destroyed many ecosystems.
Sustainability is based on a fundamental and factual foundation that everything that
humans require for their survival and well-being depends, directly or indirectly, on the
natural environment (Marsh, 1864). The environment provides the air, water and food we
need to sustain our survival. Our health and wellbeing, our economy, and our security all
require a high quality environment. When we act on that understanding, we tend to
prosper; when we do not, we suffer. Additionally, when we think of sustainability, we
often think of durability, longevity and environmental respect. In general, a sustainable
practice is a practice that takes the health of the future into consideration. However,
before we proceed with a discourse of the term sustainability, we will first discuss what is
meant to be 'unsustainable'.
An unsustainable practice is one that has an unbalanced negative effect, which,
through time, will adversely affect a person, society and/or the environment. As stated
earlier, the world is in an unsustainable state as the Earth’s major life-supporting
resources are declining, while at the same time human consumption of those resources
continues to rise. At one time it seemed our natural resources were unlimited. However,
we now know we clear-cut 98% of the old growth forests in North America. Every day
our farmers and ranchers withdraw 20 billion more gallons of groundwater than are
replaced by rainfall. Moreover, water tables are falling on every continent and over the
next twenty years the United Nations estimates that three billion people could face water
scarcity while in the same time period water for agriculture needs to increase 60% to feed
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an additional two billion people (Glenn et al. 2010). Globally, we lose 25 billion tons of
topsoil every year. These critical losses are occurring while the world population is
increasing at the rate of 73 million people a year (Hawkins, 2005)
The Tragedy of the Commons (Hardin, 1968) is a dilemma arising from the
situation in which the behavior of multiple individuals, acting independently and
rationally consulting their own self-interest, ultimately deplete a shared limited resource,
even when it is clear that it is not in anyone's long-term interest for this to happen. The
dilemma can be considered in relation to environmental issues such as sustainability and
stands as a model for a great variety of resource problems in society today.
Another example of our unsustainable state is our current use of oil as a source of
energy. This could be considered unsustainable for two reasons. First, oil is largely a
nonrenewable resource and secondly, when burned, is damaging to the environment. Any
practice that causes an irreversible resource depletion or long term environmental
pollution is an unsustainable practice.
The Living Planet Report 2012 uses the 'Ecological Footprint' to track humanity’s
demands on the biosphere by comparing the renewable resources people are consuming
against the Earth’s regenerative capacity (i.e. biocapacity). Biocapacity is the area of land
actually available to produce renewable resources and absorb carbon dioxide emissions.
Both the Ecological Footprint and biocapacity are expressed in a common unit called a
'global hectare', in which one global hectare represents a biologically productive hectare
with world average productivity.
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The 2012 report shows the Ecological Footprint having a consistent trend of overconsumption. The reports states the Earth’s total biocapacity in 2008 was 12.0 billion
global hectare, or 1.8 global hectare per person, while humanity’s Ecological Footprint
was 18.2 billion global hectare, or 2.7 global hectare per person. Basically, we are in an
ecological overshoot situation as it is taking 1.5 years for the Earth to fully regenerate the
renewable resources that people are using in a single year. In other words, we are
currently using the equivalent of 1.5 Earths to support our unsustainable way of life.
Moreover, at our current rate of consumption, projections estimate that we will need the
equivalent of two planets by 2030 to meet our annual demands (Living Planet Report,
2012). The world is indeed in an unsustainable state.
Sustainability is not a new concept. In fact, the U.S. Government was aware of
sustainability as early as 1910 when President Theodore Roosevelt recognized that our
government and its citizens have an obligation to protect our natural resources from
waste in the present while preserving them for future generations (Roosevelt, 1910).
Since then, sustainability has become an accepted concept in the private and public
sectors. Many businesses, federal and state agencies, municipalities, academia, and nonprofit organizations have embraced sustainability and its principles into their business
processes.
For example, for the Ford Motor Company, sustainability is a 'strategic
imperative' where they have incorporated a sustainable approach to the whole life cycle
of a vehicle, from the design, raw materials, and manufacturing, to customer use and endof-life.
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Federal agencies are embracing sustainability. Recent Congressional and
Executive policies to “green the government” and to make the Federal government a
leader in environmental stewardship and strive to have approximately 32,000 Federal
facilities become more sustainable. Policies for federal agencies include reducing
greenhouse gases, energy efficiency, green acquisition, renewable energy, toxic chemical
reduction, recycling, sustainable buildings, electronics stewardship, fleet fuel reduction,
and water conservation.
More recently, numerous federal agencies have begun to integrate sustainability
into their work, including the U.S. Geological Survey (USGS 2007), U.S. Department of
Energy (DOE 2010), and the National Oceanic and Atmospheric Administration
(Lubchenco and Sutley, 2010), among others (Environmental Protection Agency, 2011).
In the private sector, U.S. corporations such as Nike, Starbucks and Ford Motor
Company have all embraced sustainability (Nattrass, 2002).
The city of Seattle is focusing on the long-term health and sustainability of the
municipality and the surrounding Puget Sound region with a focus to build a sustainable
community, economy and environment through innovation, education, and on-the-ground
projects.
Universities are becoming more sustainable. The "College Sustainability Report
Card" identifies 322 colleges and universities that are leading by example on
sustainability.
However, some organizations seem to lag behind others in regards to striving
towards a more sustainable organization. Many organizations in the private and public
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sectors face challenges while pursuing a sustainable organization and adopting
sustainability activities. There is considerable pushback from many organizations that
have not accepted the concept of sustainability and have kept its theories and principles at
arm’s length. To many business leaders, their perception of sustainability means higher
costs of doing business leading to less profit or impeding the execution of an
organization’s mission. This mental model, entrenched in many organizations, dismisses
sustainability as irrelevant to business. Nevertheless, embracing sustainability can help
avert costly setbacks from environmental disasters, political protests, and human rights or
workplace abuses.
Defining Sustainability
‘Sustain’ has been in the language for thousands of years. It comes from the Latin
word sustenare meaning "to hold up" or "to support". From there it evolved to mean to
keep something going or extend its duration, with an overtone of providing the support or
necessities that made the extended duration possible (e.g. a sustaining meal). These days,
the most common, non-specialized use of the word or closest synonym is ‘maintain’.
Sustain and its derivatives (e.g. sustainability, sustainable, sustaining) were first
used in a micro or personal context. However several hundreds of years ago the Swiss
and Germans invented a form of forestry designed to keep the forest going as productive
systems over the very long term and this was called, in the English speaking world,
sustainable forestry. This idea was then extended to sustainable fisheries.
Literature shows a plethora of definitions for the term sustainability. In 1969,
Congress passed the National Environmental Policy Act. By the regulation’s very nature,
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it emphasizes the importance of sustainability when it declared that the “continuing
policy of the Federal Government” is to “create and maintain conditions, under which
humans and nature can exist in productive harmony, that permit fulfilling the social,
economic, and other requirements of present and future generations” (42 U.S.C. 4331(a)).
Universal concern about the health and sustainable use of the Earth and its
resources continued to grow. In 1972, the United Nations convened the United Nations
Conference on the Human Environment, in Stockholm. Sustainable development, or its
shorthand version sustainability, was rooted at the conference and debated which was
more important: environmental protection or human development. These debates gave
birth to the notion that both environmental protection and economic development were
inextricably linked. That idea was refined through extensive discussions in United
Nations circles over the many years that followed (Blackburn 2007).
Subsequently, in 1987, the United Nations Brundtland Commission was created to
address the growing concern over the consequences of the deterioration of the human
environment and natural resources. The Commission published its groundbreaking report,
“Our Common Future” which brought the concept of sustainable development into the
public discourse.
People and institutions define sustainability in many other ways as they seek to
understand the linkages between economic development, the environment and quality of
life. While there are differences between the definitions, there are also common threads
that tie together the various interpretations. The following is a sampling of definitions
(Eugene, 1999):
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• Sustainability is "...using a resource so that it is not depleted or permanently
damaged". (Webster's Dictionary)
• Sustainability means “…meeting the needs of the present without compromising
the ability of future generations to meet their own needs.” (Environmental Protection
Agency)
• "Sustainable development is the process of working towards the long term
health and vitality of our city and its citizens with regard to ecological, social, cultural,
and economic processes.” (Sustainable Calgary)
• A sustainable city is a "...place where present day decisions about resource use
and land development do not impinge on the quality of air, water, land and the economic
livelihood of future generations.” (Minneapolis Plan)
• "Sustainable development - decisions and choices made today, should not limit
the choices and opportunities of future generations.” (Burlington Vermont
Comprehensive Plan)
• "Sustainability refers to the ability of a society, ecosystem, or any such ongoing
system to continue functioning into the indefinite future without being forced into decline
through exhaustion...of key resources.” (Robert Gilman, President of Context Institute)
• Sustainability is "...improved quality of life within the means of nature.” (Sara
Severn, Nike Inc.)
• “Sustainability is an over-arching concept incorporating appropriate sustainable
design elements into facilities planning, design, construction, operation and maintenance
to enhance and balance facility life cycle cost, environmental impact, and occupant
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health, safety, security, and productivity.” (National Aeronautics and Space
Administration)
• Sustainability is "An economic state where the demands placed upon the
environment by people and commerce can be met without reducing the capacity of the
environment for future generations.” (Paul Hawken, author and businessman)
• “A sustainable community is one that seeks improved public health and a better
quality of life for all its residents by limiting waste, prevent pollution, maximizing
conservation and promoting efficiency, and developing local resources to revitalize the
local economy.” (Concern, Inc.)
• "Essentially, sustainability is the effective use of resources - natural, human, and
technological - to meet today's community needs while ensuring that these resources are
available to meet future needs.” (Don Geis and Tammy Kutzmark in Developing
Sustainable Communities: The Future Is Now)
This list is not to confuse the reader on the definition of sustainability but to show
the broad interpretation of the concept. There are many different ways that the term has
been applied and defined. There are probably as many definitions as there are people who
are trying to define it. The fact that there are so many definitions is not a problem;
everyone has a different way of looking at things. All communities and organizations are
different. What is sustainable in Seattle may not be sustainable in Phoenix or Miami.
What is sustainable in an urban setting may not be sustainable in a rural setting. What is
sustainable for a federal agency may not be sustainable for an academic institution. What
is sustainable for Fort Hood may not be sustainable for Fort Detrick. However, the
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process of discussing what sustainability is and how to measure it is an important step in
the process of understanding sustainability.
Having said that, these definitions are similar in many ways, but it is important to
realize that each group came up with its own definition. Many people have no idea what
sustainability is, or argue that it is so ambiguous that it is a meaningless term. However,
the most important words in our language, such as truth, justice, love, freedom, faith,
have multiple and often conflicting definitions.
Finally, some look at sustainability as a process of change and not an end state,
and that it’s the journey that counts, not the destination. Others look at sustainability as
their goal -- to become sustainable is their end state. Despite the plethora of definitions,
sustainability remains a broad concept lacking universal standards of practice but it can
be argued that this is intentional. To integrate or institutionalize sustainable practices into
the corporate culture, each organization pursuing sustainability must define it in terms
that are important and applicable to their own operation or mission.
In a broad sense the most widely quoted definition originates from the Brundtland
Commission whose definition is: “sustainable development is development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs.” (United Nations, 1987).
More recently, Presidential Executive Order 13514, Federal Leadership in
Environmental, Energy, and Economic Performance, used the 1969 National
Environmental Policy Act language verbatim to define sustainability for Federal
Agencies. It is defined as To create and maintain conditions under which humans and
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nature can exist in productive harmony and that permit fulfilling social, economic, and
other requirements of present and future generations. Executive Order 13514 emphasizes
that sustainability should not only be part of Federal Agencies decision process, but
should also be part the organizational culture.
To summarize, the following are two of the most widely recognized definitions of
sustainability.
Sustainable development is development that meets the needs of the present
without compromising the ability of future generations to meet their own needs (United
Nations, 1987).
Sustainability: To create and maintain conditions under which humans and nature
can exist in productive harmony and that permit fulfilling social, economic, and other
requirements of present and future generations (NEPA 1969; Executive Order 13514,
2009).
Sustainability and the Army
The Army is unsustainable as it consumes an enormous amount of resources. In
2011, Army installations consumed over 42 billion gallons of potable water, generated
almost a million tons of solid waste, (U.S. Army, 2012) and used 80 trillion BTUs of
fossil fuels (DoD, 2011). The Army is truly unsustainable with its consumption of
resources.
Sustainability is important to the Army and it has instituted a number of initiatives
in an effort to inculcate sustainability into the way the Army conducts its business. In
2000, a small number of Army installations began an effort that engaged an installation
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and their surrounding stakeholder communities in identifying a range of goals and
objectives to advance sustainability with that particular installation. The approach the
installations took in 2000 to implement sustainability at the installation level was by
utilizing the 'Installation Sustainability Planning' process. This method will be discussed
in greater detail in Chapter II, but basically the Installation Sustainability Planning
process addresses long-range mission, community, and environmental issues and
priorities at a specific installation.
In October 2004, the Army released The Army Strategy for the Environment
"Sustain the Mission - Secure the Future". Sustainability is the foundation for this
strategy. The strategy was signed by the Secretary of the Army and the Chief of Staff of
the Army showing senior leader commitment to sustainability. Through this strategy,
Army leadership challenged all Army personnel to incorporate the 'Triple Bottom Line'
of Mission, Community and Environment into all of its plans, processes and actions. The
document establishes the long-range vision for a sustainable Army, and the goals upon
which the vision is based.
The Army Strategy for the Environment is designed to guide the Army well into
the 21st Century. The strategy symbolizes such a change in Army thinking and represents
a major advancement in the Army’s appreciation of the interdependence between its
mission, the community, and the environment. The strategy also defines sustainability for
the Army as "...a sustainable Army simultaneously meets current as well as future
mission requirements worldwide, safeguards human health, improves quality of life, and
enhances the natural environment." (U.S. Army 2004)
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In June 2007, Army Headquarters received the White House Closing the Circle
“Sowing the Seeds of Change” Awards from the Office of the Federal Environmental
Executive for the future vision established and implemented through its sustainability
strategy as spelled out in the Army Strategy for the Environment.
In 2008, the Army released its first Sustainability Report which was an important
milestone on its journey to become sustainable. It marks not only the release of its first
annual report, but it is the first report from any major federal government agency using
the Global Reporting Initiative's (GRI) sustainability reporting framework. The report
serves to both inform and engage its primary stakeholders, the public, and other
interested parties on the Army's progress to embody the principles of sustainability in its
operations, installations, systems, and community engagements (U.S. Army, 2007).
Subsequently, the Army Sustainability Report for 2012 describes the Army’s efforts and
progress in 2010 and 2011 to further integrate sustainability Army wide. This fourth
report documents the status, achievements, and trends associated with relevant indicators
of sustainability, continuing the practice of public disclosure that began with the first
report. Both the Army Strategy for the Environment and annual report were not required
by policy or regulation; instead the Army saw this sustainability initiative important to its
mission.
In 2010, the Department of Defense released the first Department-wide Strategic
Sustainability Performance Plan which lays out its goals and performance expectations
for the next decade, establishing the path by which the Department will serve as a model
of sustainability for the nation. The Department’s vision of sustainability is to maintain
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the ability to operate into the future without decline -- either in the mission or in the
natural and manufactured systems that support it. The Department envisions that the
primary path to reaching its sustainability goals will be to reduce its reliance on fossil
fuels through energy efficiency and renewable energy (Department of Defense, 2011).
The Army, in addition to the others military services, must have policies and procedures
in place to be aligned to the Department's Strategic Sustainability Performance Plan.
These policies, plans and strategies show how senior leaders feel that
sustainability is important to the Army.
Army Installations
This research will be focused on Army installations and the sustainability
initiative many installations are pursuing. It will also attempt to determine which
installations continue to be unsustainable even though sustainability is important to the
Army. There will be a brief discussion on the character and purpose of an installation as
well as an overview of the installation sustainability program.
Installations provide a home to the soldiers and their families and a workplace for
Army civilians and contractors to train, equip and maintain the Army military readiness.
Installations sustain soldiers and families through standardized services, access to health
care, housing and installation facilities, schools and youth services, and education and
employment opportunities.
Army installations and surrounding communities are home to well over one
million service members and their families. Installations house half of Army families and
nearly 200,000 single soldiers. Installations are where a quarter of a million civilian
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employees and tens of thousands of contract employees come to work every day (U.S.
Army War College, 2012).
Installations provide land and training ranges to support soldiers and units
preparing for current operations. They provide the services to revitalize the soldiers,
families, and civilians as they prepare for future deployments. Installations are the
Army’s “face” to the nation and the world. Although their focus is on installations, the
Installation Commander plays an important role interfacing with the civilian community.
Running an installation is similar to running a town. In fact, Installation Commanders are
considered the 'mayor' of the installation and are often involved in community relations
events and may represent the installation in business and civic organizations, such as
Chamber of Commerce, Rotary and Lions Clubs. Installations in the continental United
States are the only Army installations most Americans see on a regular basis, while
outside the continental United States installations provide a unique perspective of our
culture to the international community.
Most installations located within the United States are more than 50 years old
while many are over 100 years old. Most overseas installations were acquired directly
after World War II and the Korean War in the European and Pacific theaters of operation
for those conflicts. Installations are assigned to various Commands based on the
missions of the units/activities located at the installations. These Commands and missions
will be discussed in the next chapter.
Installations are big business. The Army's Assistant Chief of Staff for Installation
Management manages an annual budget in excess of $20 billion. Approximately 75,000
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people perform installation management functions. Installations cover over 14 million
acres of land, more than the combined acreage of the States of Maryland, Connecticut
and Rhode Island. Installations maintain more than 130,000 buildings covering more than
900 million square feet. Army facilities represent a replacement value of more than $250
billion (U.S. Army War College, 2012).
Implementing Sustainability
In 2000, a small number of Army installations began an effort that engaged
installations in identifying a range of goals and objectives to advance sustainability with
the Army. The approach the Army took to implement sustainability at the installation
level was by utilizing the 'Installation Sustainability Planning' method. The Installation
Sustainability Plan addresses long-range mission, community, and environmental issues
and priorities at a specific installation. It is developed through a strategic planning
process that brings together representatives of the major installation support directorates
and other activities. There are a number of installations that have gone through the
Installation Sustainability Planning process and will be considered as case studies for this
proposal.
This research will focus on the Army sustainability initiative and their Installation
Sustainability Planning efforts. A fundamental question is how can an organization, such
as the U.S. Army, successfully implement sustainability within their organization?
Factors that lead to variations in implementing sustainability activities include
organization characteristics such as organizational structure, policy, resources, mission,
size, infrastructure, location of the installation and behavior.
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Approach
The approach for executing this research was a case study of the Army
installations that have proceeded through the Installation Sustainability Planning process.
An analysis of selected installations was made to determine if the subject installations
were making progress in reaching their sustainability goals related to the reduction of
water consumption, waste disposal and energy use. Government databases were used to
collect water, waste and energy data from the selected installations and statistical analysis
will be used to determine trends in the data. These trends show whether an installation is
succeeding or failing in meeting its sustainability water, waste and energy goals.
Dependent variables will be the sustainability indicators: (1) water consumption;
(2) waste disposal; and (3) energy consumption. Independent variables will be
organizational characteristics including (1) organizational attributes; and (2) behavioral
characteristics. Organizational attributes can be broken down to organizational structure,
policy, resources, mission, size, infrastructure and location of the installation.
After quantitative analysis is complete, personnel at selected installations will be
interviewed to help explain and deepen our understanding of the multiple regression
findings -- i.e. what are the best practices and lessons learned for the installations that are
reaching their sustainability goals.
A fundamental question is what organizational characteristics enable or impede
implementing sustainability at Army installations? This research will seek answers to that
question through a quantitative and qualitative analysis process.
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CHAPTER TWO: REVIEW OF THE LITERATURE

Sustainability
Frameworks of Sustainability
To further understand the concept of sustainability, literature shows a variety of
sustainability theories, frameworks and models. Some frameworks are more overarching,
universal frameworks for large entities while others are more at the 'micro-level' focusing
on specialized areas, disciplines, products or commodities. The purpose of this discussion
will be to walk the reader through the evolution of the various frameworks of
sustainability.
Sustainability frameworks take a series of forms, each with its own set of
attributes. There are universal frameworks that have been used by the public and private
sectors. A study prepared for the Local Governments for Sustainability defines
sustainability framework as "...a program or approach by which an entity aims to evaluate
the progress of itself or other entities with respect to performance in the arenas of
environmental, human, and economic health. The framework must have defined
boundaries (geographic or organizational) to allow for comparison, and indicators or
other measures of evaluation" (Peterson, 2008).
Overarching, Universal Frameworks
In 1981, a new definitional term was drawn into the business world from financial
accounting -- the 'Triple Bottom Line' -- where it expands the traditional financial
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accounting reporting. Freer Spreckley first articulated the Triple Bottom Line where he
argues that enterprises should measure and report on social, environmental and financial
performance (Spreckley, 1981). The phrase was later used to mean that to reach
sustainability, one must achieve not only economic “bottom-line” performance but
environmental and social performance as well. The Triple Bottom Line of economic
performance, environmental quality, and social justice was an approach of preserving
capitalism while addressing the global decline in natural resources and an emerging
middle class in developing countries (Elkington1997).
One of the earlier sustainability frameworks, The Natural Step, originated in
Sweden in 1989, and attempts to define sustainability using scientific principles
governing the healthy functioning of a biological system in perpetuity, while also
accounting for social sustainability. This framework determines sustainability by using its
'Four System Conditions'. The scientific principles on which The Natural Step framework
were used by Swedish physicist Dr. John Holmberg and Swedish medical doctor and
oncologist Dr. Karl-Henrik Robèrt to generate four system conditions for sustainability.
Robèrt argues in order for a society to be sustainable, these preconditions must be met.
They are: 1) substances from the earth's crust--fossil fuels and mined minerals--must not
systematically increase in nature; 2) substances produced by society must not
systematically increase in nature; 3) the physical basis for the productivity and diversity
of nature must not be systematically deteriorated; and 4) human society must be fair and
efficient in meeting basic human needs (Robèrt, 1997). One advantage of adopting The
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Natural Step as a sustainability framework is that it provides principles that are grounded
in science and thus measurable (Nattrass and Altomare, 2002).
Goodland (1996) looks at environmental sustainability using the output/input rule,
i.e., keep wastes within assimilative capacities; harvest within regenerative capacities of
renewable resources; and deplete non-renewables at the rate at which renewable
substitutes are developed.
Spreckley's Triple Bottom Line evolved into a sustainability framework that looks
at three areas simultaneously: people and the social aspect; profits and its economic
implications; and our planet and its impact on the environment (Nattrass and Altomare,
2002).
People (Social). To have a sustainable future, the needs of the people must be met
equally. Needs are things like potable water, jobs, medical care, suitable housing, food
and sanitation. Additionally, people will want as high a standard of living as possible and
this must be achieved in a way that does not harm or exploit others.
Profits (Economic). People throughout the world deserve the best standard of
living that is suitable. Improving medical care, sanitation, education, enabling people to
support themselves with a good standard of living requires the generation of wealth by
economic activity. Sustainable economies also need to be competitive in the world
market. Products that are too expensive to buy cannot be sustainable, even if they are
environmentally friendly.
Planet (Environment). Planet Earth has a finite amount of resources. We all need
clean air, clean water, land to live on and enough productivity to provide good quality
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food for all. Sustainable human activities look to protect the Earth’s environment to make
sure it is not damaged for future generations. Current issues include depleted
groundwater, global warming, over fishing the seas and deforestation of the land.
Furthermore, a truly sustainable state achieves a balance between people, profit
and planet. In this context, a sustainable state does not focus on one area over another
(Nattrass and Altomare, 2002). The premise is a holistic, simultaneous approach and to
achieve a balance between the three areas. This Venn diagram illustrates how the three
areas should be viewed -- considering each area simultaneously and each overlapping
with the others. When there is a balance between people, profit and planet, an
organization becomes sustainable using the Triple Bottom Line as illustrated in the center
intersection where all three areas overlap.

Figure 1: Triple Bottom Line Venn Diagram
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On the other hand, some conceive these three areas should actually be separate
from each other and are clearest when kept separate (Goodland, 1996). The theory is
while there is some overlap among the three; they are best disaggregated and addressed
separately by different disciplines. The disciplines best able to analyze each type of
sustainability are different; each follows different laws and methods. For example, social
scientists are best able to define social sustainability, and environmentalists do not have a
major role in that need.
Hart and Milstein (2003) offer a more organizationally based sustainability
framework. This framework is based on sustainable value that links the challenges of
global sustainability to the creation of shareholder value by the organization. Specifically,
it shows how the global challenges associated with sustainable development, viewed
through the appropriate set of business lenses, can help to identify strategies and practices
that contribute to a more sustainable world while simultaneously driving shareholder
value. In the end, this framework links the organization’s sustainable value to its mission
or purpose (Hart, 2003).
Sustainability can also be looked at as a process or end state. The phrase, “create
and maintain” in both the National Environmental Policy Act and Executive Order 13514
captures the two senses in which the term sustainability can be used. Sustainability is a
process because society as a whole is a long way from being sustainable, and it is thus
necessary to create the conditions for sustainability (NRC 1999). Sustainability is also a
goal or end state. As sustainability is achieved in particular places and contexts, it is
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necessary to maintain the conditions supporting it in the face of social, technological,
environmental, and other changes (EPA, 2011).
Parris and Kates (2003), emphasized sustainability goals, indicators, targets,
trends, and driving forces. In their framework, goals are broad, qualitative statements
about objectives. Examples of (global, high level) goals are reducing hunger, stabilizing
climate, and improving health. Indicators are quantitative measures selected to assess
progress toward or away from a stated goal, and targets are quantitative values of
indicators for attaining the goal at a specific time or within a certain timeframe. Trends
are changes in the values of indicators over time, and driving forces are the processes that
influence trends and the ability to meet agreed targets that work as the principal drivers
toward or away from sustainability goals and targets. As an example, to stabilize climate,
the goal is stabilization of the climate, so climate is the target, and the annual emission
rate of CO2 is one of the indicators.
Newman (2005) cited the following steps as the essence of a sustainability
framework: understanding the principles of sustainability, locating unsustainable
processes and determining the gain in changing them, forming a vision of how to change
them by backcasting from the final goal, identifying a series of paths leading to that goal,
and then picking a path.
Martens (2006) identified the following procedural elements in sustainability:
analysis of deeper-lying structures of the system, projection into the future, assessment of
sustainable and unsustainable trends, evaluation of the effects of sustainable policy, and
the design of possible solutions through sustainable strategies.
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Other frameworks stressed the importance of modeling human-environment
systems (Clark and Dickson 2003; Turner et al. 2003a, 2007; Perrings 2007; Ostrom
2007). A simple quantitative model of a human- environment system is the IPAT
identity: the equation I = PAT, where I, P, A, T are the impact of any population on the
environment, population size, its affluence or per-capita consumption, and environmental
damage per consumption unit (Ehrlich and Holdren 1971). This has been extended to
include market exchange rates and purchasing power parity (Raupach et al. 2007).
According to the IPAT identity, options to mitigate the human impact on the environment
are reducing population, reducing consumption per population, and improving
technology to reduce environmental damage.
Ecological Economics is another universal framework which measures human
well-being. Ecological Economics connects economic thinking and practice with physical
reality by addressing the interdependence and evolution between human economies and
natural ecosystems. Ecological Economics measures the positive contribution of four
types of capital that contribute toward human well-being: Natural, Built, Social, and
Human Capital. Natural Capital refers to land, natural resources and ecosystems, and
includes forests, water, air, climate, minerals, forest and aquatic ecosystems, fish,
animals, and insects. Built Capital refers to the manufactured assets that compose our
economy and includes the built environment and infrastructure, cities, towns, buildings,
agriculture, parks, water systems, utilities, transportation, communications, energy,
industry, and waste. Social Capital refers to cultural institutions, rules, and norms that
facilitate interactions within our communities and include institutions, governance,
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neighborhoods, business, finance, organizations, regulations, social services, and social
equity. Human Capital refers to the physical labor and knowledge of humans and
includes abilities, well-being, health, friends, education, employment, spiritual life,
leisure, recreation, shelter, and liberty (Peterson, 2008).
The Genuine Progress Indicator (GPI) is a universal framework that measures
human well-being and can be applied from the local to the national scale. The GPI is an
alternative to Gross Domestic Product (GDP) as a measure of success. GPI is a broader
measure of progress that includes the economic contributions of the family, community,
and ecosystems, and also subtracts negative factors such as family breakdown, crime, and
pollution. While the per capita GDP has more than doubled since 1950, GPI has declined
by nearly 45% (Talberth, 2006).
The Ecological Footprint was discussed in Chapter I of this proposal. This
framework measures the biological capacity that is used to sustain a community, or how
much nature it takes to sustain a population based on lifestyles. The Ecological Footprint
is expressed in the equivalent land area needed to sustain the consumption within a
community and absorb its wastes (Living Planet Report, 2012).
Micro-level Frameworks
Different scales need different tools to evaluate sustainability performance. For
this reason, there are sustainability frameworks that are not as overarching and focus on
specialized areas. For example, there are micro-level sustainability frameworks involving
building standards, commodities, and sustainability reporting guidance for organizations.
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Leadership in Energy and Environmental Design (LEED) is an internationally
recognized green building program. It provides building owners and operators with a
sustainability framework for identifying and implementing practical and measurable
green building design, construction, operations and maintenance solutions. LEED is a
voluntary, consensus-based, market-driven program that provides third-party verification
of green buildings. LEED-certified buildings are designed to lower operating costs and
increase asset value; reduce waste sent to landfills; conserve energy and water; be
healthier and safer for occupants; and reduce harmful greenhouse gas emissions.
The Forest Stewardship Council Certification, developed by the Forest
Stewardship Council, uses bioregional standards for forest management. This
certification is coupled with a third-party verification and a chain-of-custody system that
ensures compliance with standards. The Forest Stewardship Council forestry certification
system is governed by 10 principles and 57 criteria. The standards address the health of
the forest ecosystem, sustainable yield rates, and social equity assurances for forest
industry workers. The myriad of products made from wood can all be certified via the
Forest Stewardship Council, from pulp and paper to furniture and dimensional lumber.
The Audubon Society has developed a sustainability framework for golf courses.
The basic objective of the 'Audubon Lifestyles Sustainable Golf Facility Program' is to
reduce the consumption of non-renewable resources, minimize waste, create healthy,
productive environments, and inform the public, residents, guests, clients and employees
about the benefits of sustainably managed golf facilities. The framework includes the use
of environmental planning, wildlife and habitat management, chemical use and reduction,
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water conservation, water quality, and outreach and education. The framework is
applicable for planned and existing golf courses.
The Global Reporting Initiative (GRI), founded in 1997, is one of the world's
most prevalent standards for sustainability reporting. GRI seeks to make sustainability
reporting by all organizations as routine as, and comparable to, financial reporting.
The reporting framework - which includes the reporting guidelines, sector
guidelines and other resources - enables greater organizational transparency about
economic, environmental, social and governance performance. This transparency and
accountability builds stakeholders’ trust in organizations. Thousands of organizations, of
all sizes and sectors, use GRI’s Framework in order to understand and communicate their
sustainability performance. Similar to LEED, GRI uses a consensus-based process of
stakeholder engagement to develop standards. Like LEED, it includes the use of technical
advisory committees, expert working groups, and public comment periods, followed by
adoption of standards by GRI’s Board of Directors.
These micro-level sustainability frameworks can be used to support an
overarching universal sustainability framework. For example, should a sustainability goal
require more sustainable construction, then LEED could be used as the framework to
meet that goal. Similarly, if an organization's goal is to increase sustainable acquisition,
then sustainable furniture could be purchased with the Forest Stewardship Council
Certification. Finally, if an organization is pursuing to be more sustainable with the intent
to be transparent to its stakeholders (the 'social/people' part of the Triple Bottom Line),
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that organization could use the GRI framework to report the status on its sustainability
efforts.
Based on the review of the Army's installation sustainability case studies and the
Installation Sustainability Planning process, there are sustainability frameworks that are
applicable to the Army's sustainability efforts. Spreckley's Triple Bottom Line of social,
environmental and financial performance is similar to the Army's mission, community
and environment mantra. The framework of Robèrt's The Natural Step, Gerston’s policy
implementation, as well as Mountjoy and O’Tool’s specificity of mandates, appears
applicable to the Army. Parris and Kates framework emphasizing goals, objectives and
targets are also similar as to how Army installations are structuring their installation
sustainability plans. Newman's framework of understanding the principles of
sustainability, identifying unsustainable processes and forming a vision and plan leading
to the goal is applicable to the Army's methodology.
The micro-level frameworks seem applicable as well. The Army uses the
Leadership in Energy and Environmental Design (LEED) as a framework in the design
and construction of sustainable buildings at military installations. LEED is the Army’s
current design and construction standard. Prior to LEED, the Army utilized its
Sustainable Project Rating Tool (SPiRiT) to integrate the principles and practices of
sustainability on its installations. SPiRiT was implemented as the Army’s sustainable
design rating tool in 2001 and was important in the development of sustainable concepts
with the Army. On October 2008, SPiRiT was officially replaced by LEED.

28

On the other hand, there are a frameworks that do not appear applicable to the
Army's sustainability efforts such as the frameworks of Goodland, Hart and Milstein,
Martens, and Ehrlich and Holdren's.
The review of the literature indicates there are a myriad of frameworks showing
sustainability and how it remains a broad concept lacking universal standards of practice.
However, basing these frameworks on commonly agreed upon principles provide a basis
on which stakeholders with differing interests and viewpoints can come together in
pursuit of common ends. In order to integrate or institutionalize sustainable practices into
the corporate culture, each organization pursuing sustainability must define it in terms
that are important and applicable to their own operation or mission and choose a
framework, or a hybrid of frameworks, that meet their needs.
Implementing Sustainability
So, how can an organization, such as the Army, successfully implement
sustainability within their organization? What enables or impedes an organization as they
attempt to implement sustainability? What factors facilitate or constrain implementation
of sustainability activities? And finally, what organizational characteristics will lead an
institution to adopt sustainability activities?
Governmental programs, such as within the Army, are normally implemented by
hierarchical organizations, so it may be useful to conceptualize implementing
sustainability activities as an organizational challenge, one to which organization theory
applies (Mountjoy & O’Tool, 1979). Implementing sustainability policy within an
organization is similar to a government agency implementing public policy. In fact, if an
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organization's top management issues a sustainability policy, then the organization could
face the same challenges.
An approach to understanding how sustainability can be implemented within an
organization is to study policy implementation. Policy implementation represents a
conscious conversion of policy plans into reality -- it is the 'follow-through' component of
the policy-making process (Gerston, 2004). Implementation literally means carrying out,
accomplishing, fulfilling, producing or completing a given task. The founding fathers of
implementation, Pressman and Wildavsky (1973) define it in terms of a relationship to
policy as laid down in official documents. According to them, policy implementation
may be viewed as a process of interaction between the setting of goals and actions geared
to achieve them (Pressman and Wildavsky, 1984). Implementation represents the effort to
put the policy-making effort into place. Moreover, implementation consists of the
'execution' of policy (Hayes, 1992).
While some disagreement exists over the elements that compose implementation,
certain assumptions seems to have widespread acceptance. For policy implementation to
occur, there (1) must be an entity with sufficient resources assigned to carry out the
implementation task; (2) the implementing agency must be able to translate goals into
and operational framework; and (3) the entity assigned the implementing task must
deliver on its assignment and be accountable for its actions (Gerston, 2004).
Gerston (2004) also discusses conditions that facilitate implementation of policy
including (1) adequate funding, (2) boilerplate provisions, (3) limitations on the number
of agencies involved, and (4) political controls on the bureaucracy. Even though Gerston
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discusses these conditions in the context of public policy, they are applicable at a scaled
down policy implementation model that could be used at an Army installation. Funding is
the key to making sustainable policy decisions work as it is the hallmark of commitment.
Should the installation commander not provide adequate funding for a sustainability
project, then the sustainability policy cannot be executed. Boilerplate provisions are
preexisting conditions or agreements with another party created through programs
adopted at an earlier point in time. The implementation of one policy may be dependent
upon the implementation of a preexisting policy. For example, an installation partners
with the adjacent municipality to develop a mass transit system that connects the
community outside the installation with the community inside the installation. An
agreement between the installation and the municipality is a boilerplate provision as each
side will depend on the other's commitment in order for both sides to benefit from the
action. Regarding the third condition, the limitations on the number of agencies involved,
this condition would be applicable at the installation by simply realizing the larger the
number of actors involved the lower the probability of successful implementation. Or
stated another way, successful implementation depends upon simplicity, and simplicity
demands that authority and administrative responsibilities be shared among the fewest
players as possible (Lineberry, 1977). The last condition, political controls on the
bureaucracy, is basically saying communication is essential for proper policy
implementation. Correctly interpreting the intent of the policy is important. Words have
meaning and the policy makers and policy implementers must be on the same page or the
results of the implementation could drift away from the policy objectives.
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Elmore identified four main ingredients for effective implementation: (1) clearly
specified tasks and objectives that accurately reflect the intent of policy; (2) a
management plan that allocates tasks and performance standards to subunits; (3) an
objective means of measuring subunit performance; and (4) a system of management
controls and social sanctions sufficient to hold subordinates accountable for their
performance. Failures of implementation are, by definition, lapses of planning,
specification and control (Elmore, 1978).
Successful implementation requires compliance with statutes’ directives and
goals; achievement of specific success indicators; and improvement in the political
climate around a program (Hill and Hupe, 2002). In addition, Matland proposes the
success of a policy depends critically on two broad factors: local capacity and will.
Questions of motivation and commitment (or will) reflect the implementer’s assessment
of the value of a policy or the appropriateness of a strategy. Motivation or will is
influenced by factors largely beyond the reach of policy environmental stability;
competing centers of authority, contending priorities or pressures and other aspects of
socio-political environment can also profoundly influence an implementer’s willingness.
This emphasis on individual motivation and internal institutional conditions implies that
external policy features have limited influence on outcomes, particularly at lower level in
the institution (Matland, 1995).
Implementation can be conceptualized as a process, output and outcome. It is a
process of a series of decisions and actions directed towards putting a prior authoritative
decision into effect. The essential characteristic of implementation process is the timely
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and satisfactory performance of certain necessary tasks related to carrying out of the
intent of the authoritative decision. Implementation can also be defined in terms of output
or extent to which programmatic goals have been satisfied. Finally, at the highest level of
abstraction, implementation outcome implies that there has been some measurable
change in the larger problem that was addressed by the program, public law or
authoritative decisions (Lester et al., 1995).
Implementation of a sustainability policy within an organization can be viewed as
a "top-down" process, driven by policy implementers; and a "bottom-up" process, which
positions 'street-level bureaucrats' as key policy implementers. The top-down approach
has been shown to be superior to the bottom-up approach under the following
circumstances: (1) when there is a dominant piece of legislation or policy structuring the
situation to be analyzed; (2) when funding is limited; (3) when the focus is on the extent
of structure or constraint in the overall policy system; and (4) when the policy process
operates with at least moderate clarity and consistency (Sabatier, 1986). The top-down
perspective assumes that policy goals can be specified by policymakers and that
implementation can be carried out successfully by setting up certain mechanisms
(Palumbo and Calista, 1990). This perspective is ‘policy centered’ and represents the
policy maker’s views. A vital point is the policymaker’s capability to exercise control
over the environment and implementers (Younis and Davidson, 1990). This begins at the
top of the process, with as clear a statement as possible of the policy maker’s intent, and
proceeds through a sequence of increasingly more specific steps to define what is
expected of implementers at each level. At the bottom of the process, one states what a
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satisfactory outcome would be, measured in the terms of the original statement of intent
(Elmore, 1978). The top-down perspective largely restricts its attention to actors who are
formally involved in the implementation of a specific program (Winter, 1990). Topdowners have been seen as considering implementation as a purely administrative
process and either ignoring the political aspects or trying to eliminate them (Berman
1978).
In contrast, the bottom-up perspective directs attention at the formal and informal
relationships constituting the policy subsystems involved in making and implementing
policies. The model focuses on the discretionary decisions that each field worker or
street-level bureaucrat makes when they are delivering policies. The street-level
bureaucrats are considered to have a better understanding of what is needed as it is they
who have direct contact at the local level. This discretionary role at the local level makes
street-level bureaucrats essential actors in implementing public policies. Similarly, the
bottom-up perspective is to identify the many actors that affect the problem and to map
relations between them. According to them, central initiatives are poorly adapted to local
conditions. Program success depends in large part on the skills of individuals in the local
implementation structure, who can adapt the policy to local conditions. It depends only to
a limited degree on central activities (Gerston, 2004).
A combination of the top-down and bottom-up perspectives is the ‘ambiguity and
conflict model’. This model spells out how ambiguity and conflict affect policy
implementation -- i.e., their relative value depends on the degree of ambiguity in goals
and means of a policy and the degree of conflict. With this model, there are four policy
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implementation paradigms: (1) low conflict-low ambiguity (administrative
implementation); (2) high conflict-low ambiguity (political implementation); (3) high
conflict-high ambiguity (symbolic implementation); and (4) low conflict-high ambiguity
(experimental implementation). This model provides a more theoretically grounded
approach to implementation (Matland,1995).
Similar to the top-down and bottom-up approach is where policy implementation
takes place at two levels: macro and micro. At the macro implementation level, centrally
located actors devise a government program; at the micro implementation level, local
organizations react to macro-level plans; develop and implement their own programs
(Berman 1978).
There are additional factors that facilitate or constrain implementation of new
policy. The following factors influence policy implementation in the public sector: (1)
policy ambiguity; policy directives that are ill defined; (2) more transparency to the
public; there is greater openness to the participation and influence of the media, public,
and political officials; (3) more artificial time constraints due to periodic turnover of
elected and appointed officials; and (4) unstable coalitions; relative instability in the
political coalitions that can be forged around a particular policy or political initiative
(Ring and Perry, 1985).
Resistance to change could be a factor that impedes implementing sustainability
activities throughout an organization. The probability of effective implementation of a
policy is inversely related to the extent of imagined or perceived departure from the status
quo (Sabatier, 1986).
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Distribution of power within an organization could be a factor in the
implementation and execution of sustainability activities. Scholars argue that middle
managers of the organization have so little power that they cannot perform effectively.
Many rules and routines govern their work, and there are few rewards for innovation
(Kanter 1987).
Bureaucracies can choke themselves with their own bureaucratic constraints.
Elected officials and top agency executives often impose more rules on themselves trying
to improve performance and maintain control (Wilson 1989). Daft (2001) compiled a list
of suggestions from managers on acquiring and using power: (1) acquire resources for the
organization by bringing in funding from outside agencies; (2) increase other departments
dependence on your own making them depend on you for resources and information; (3)
build coalitions and networks with other departments; (4) influence the premises behind
decision making processes by such means as influencing the flow of information and
shaping the agendas of important meetings; (5) enhance the legitimacy and prestige of
your organization; (6) be reasonably aggressive and assertive, but be quiet and subtle
about power issues – do not make loud claims or demands about power.
Empowering managers and the workforce could work as an enabler to execute
sustainability activities. For federal agencies, President Reagan sought to dis-empower
federal managers and employees (Durant, 1992). On the other hand, the Bush
administration launched the “Freedom to Manage” legislation which provides federal
workers the tools and flexibility to manage areas such as personnel, budgets, and the
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management of government property (Bush, 2001). These sometimes contradictory
mandates make it difficult and confusing to empower the public sector workforce.
When mandates are promulgated upon an organization there are different effects
which may influence an organization’s attempt to implement policy that could enable
implementing sustainability. Two characteristics of mandates may be considered: (1) the
specificity of the mandate and (2) the amount of new resources which accompany them.
These two dichotomies yield four possible combinations: Type A - vague policy with
sufficient resources; Type B – mandates that provide new resources governed by a
specific directive; Type C - vague policy without resource mandates; and Type D specific mandates without resources. It was concluded that the surest way to avoid
organizational implementation problems is to establish a specific mandate and provide
sufficient resources (Type B) (Mountjoy & O’Tool, 1979).
Hypothesis: Installations that have clear sustainability policy and mandates and
are provided with sufficient resources, will be more successful in reaching their
sustainability goals.
During the 1960s and 1970s, the federal government launched many new
regulatory policies designed to protect human health and the environment. One such
program is the Occupational Safety and Health Act (OSHA) of 1970. Thompson (1985)
performed a study to determine variations in the states implementation of OSHA. Two
dimensions of the implementation were examined: (1) state participation (i.e. did a state
promulgate their own OSHA program or allow primacy to the federal government) and
(2) enforcement vigor (i.e. how many resources [dollars, manpower, planning] were
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invested in the state implementation efforts) (Thompson & Scicchitano, 1985). The study
showed when the state takes serious ownership of the program, success is more likely.
To summarize, based on the literature review, the factors that lead to variations in
implementing sustainability activities include: resistance to change; policy clarity or
ambiguity; distribution of power; amount of resources (financial and manpower); time;
empowerment; transparency within and outside the organization; leadership commitment;
bureaucratic constraints; ownership of the mandate; the budgetary process; the political
environment; coalitions; and organizational structure.
Installation Sustainability Plans
In 2000, a small number of Army installations began an effort that engaged
installations and their surrounding stakeholder communities in identifying a range of
goals and objectives to advance sustainability with their respective installation (i.e. a
bottom-up approach). In 2004, this initial effort was supported by Army leadership with
their vision of sustainability with the release of the Army Strategy for the Environment
(i.e. a top-down approach). This document took the private sector Triple Bottom Line of
People, Profit, Planet (or Social, Environmental, Economic) and tailored it towards the
Army, basically taking the 'Profit' and replacing it with 'Mission'. The Army's Triple
Bottom Line is Mission, Community and Environment (U.S. Army, 2004).
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Figure 2: Army's Triple Bottom Line

The approach the Army took in 2000 to implement sustainability at the
installation level was by utilizing the 'Installation Sustainability Plan' method. The
Installation Sustainability Plan addresses long-range mission, community, and
environmental issues and priorities at a specific installation. It is developed through a
strategic planning process that brings together representatives of the major installation
support directorates and other activities, such as the Directorate of Public Works, the
Directorate of Plans, Training, and Mobilization, the Directorate of Resource
Management, the Planning, Analysis, and Integration Office, the public affairs and
contracting offices. The process may also include representatives of tenant activities 1,

1i.e. Army or non-Army activities who lease space from the installation
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family readiness groups, U.S. Army Installation Management Command 2, the U.S. Army
Corps of Engineers 3, the General Services Administration 4, and other organizations
whose decisions or policies affect installation sustainability. The planning process also
often involves stakeholders from the community surrounding the installation 5 (Lachman,
et al, 2009)
The Installation Sustainability Plan process works in the following way.
Participants form teams that may be organized based on core activities or subject areas at
the installation. Examples of core activities could be public works (i.e. infrastructure,
utilities, and energy), military training, transportation, logistics, emergency services,
information management, acquisition and contracting. As an alternative, participants may
form teams based on subject areas, for example water, waste, air quality, energy, lands or
hazardous materials.
Each team defines a long-term vision and goals for the installation over a 20 to 25
year time horizon, and then identifies a set of tasks that can be accomplished over the
next few years to make progress toward the goals. This process involves goal setting,
indicator setting, indicator measurement, forecasting, and backcasting.
Goal setting is a normative process based on visions and social and political
processes rather than on scientific activity per se, but it should have some rational basis.
2 IMCOM is the Army Command that manages installations. It provides the policy, guidance and resources to maintain
installation infrastructure and provide for the well-being of the soldiers and their families.
3 USACE provides Army installations environmental engineering support to meet their sustainability goals.
4 GSA manages and supports the basic functioning of federal agencies. It supplies products, communications
transportation and office space for government offices and develops government-wide cost-minimizing policies, and other
management tasks.
5 Examples include local political representatives, conservation groups, and civic organizations.
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In this regard, Martens (2006) suggested the following paradigm shifts from existing
disciplines that sustainability science should have: from supply-driven to demand-driven,
from technocratic to participant, from objective to subjective, from predictive to
exploratory, and from certain to uncertain. These characteristics highlight the importance
of the issue-driven approach of sustainability science. Through this approach, science can
contribute to goal setting by supplying information for public debate with the aim of
formulating rational consensus and supporting deliberative democracy. Thus
sustainability science can help select prior targets by providing scientific data obtained in
an explicit and open manner. Leveling out climate change is the most common target, but
it is not the sole target. Kates and Parris (2003) review trends in a variety of targets for
sustainability, including peace and security, population change and patterns, production
and consumption, globalization, governance and institutions, affluence and poverty, wellbeing, and global environmental change.
Indicators can play an important role in measuring, assessing, and informing the
extent to which an organization will move toward a goal or away from it. Different
indicators are needed to evaluate various sustainability foci, such as health, well-being,
economic activity, the ecosystem and its function. In certain cases, a mix of indicators is
necessary to effectively work toward a goal, even within a single sustainability focus.
Sustainable Seattle is a non-profit organization that promotes sustainability in the
Central Puget Sound whose indicator work has influenced many cities and organizations
around the world. Sustainable Seattle was the first organization to create regional
indicators for sustainability (Holden, 2006). They define indicators as “bits of
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information that reflect the status of large systems”. Indicators are used as a method to
see the big picture by stepping back and looking at a smaller piece of it. Indicators show
which direction a system is going – whether it is up or down, forward or backward,
getting better or worse or staying the same (Sustainable Seattle, 1992). Sustainable
Seattle created 40 indicators under four broad categories – Environment, Population and
Resources, Economy, and Culture and Society.
Measurement of indicators is usually performed by a variety of methods,
including aggregating economic data or questionnaires, remote-sensing data,
experimental data, and so on. Rindfuss et al. (2004) stressed the importance of
measurement of micro-level data with detailed spatial temporal resolution. The issues
associated with sustainability differ on both temporal and spatial scales, and micro-level
data are necessary to understand the behavior of the coupled human-environment system.
Because analysis at the aggregated level cannot deduce a theory at the disaggregated
level (Robinson 1950), the level of aggregation in measurement needs to match the level
to be examined.
The “business thinker” and management consultant Peter Drucker once said 'You
can't manage what you can't measure'. It is important for organizations pursuing
sustainability goals to be able to accurately measure their success in reaching their goals.
Hypothesis: Installations that have metrics that are truly measurable will be more
successful in reaching their sustainability goals.
Forecasting is a descriptive approach to predicting the future based on
retrospective data from past to present. By extrapolating current trends to the future, an
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organization can predict future trends and obtain a prospective perspective. Modeling
increases accuracy in forecasting. Scenarios are also used for forecasting by setting
certain drivers to change trends.
Backcasting is a normative approach to the realization of a goal by working
backward to show pathways between the goal and the present status. While forecasting is
evidence- based, backcasting is vision-driven. Here, the approach of transition
management may prove useful (Kemp and Martens 2007). While the forecast approach
starts with the current situation, identifies paths into the future, and chooses one path for
a scenario, the backcast approach starts with the current situation and a desirable future
state based on defined parameters, then deduces possible future paths (Morioka et al.
2006). In backcasting, drivers changing trends are subjective, based on will, not objective
plausible scenarios. After setting medium and long-term goals, mismatches between
forecasts and backcasts are analyzed, and short- and long-term plans and policies are then
aligned to realize the path set by backcasting.
In regards to the Installation Sustainability Plan process, for example, 'Installation
A's' long-term sustainability goals could include reducing total water purchased from
outside sources by 75 percent; reducing the total weight of hazardous air pollutant
emissions to zero; and bringing all applicable facilities up to the Leadership in Energy
and Environmental Design 6 Platinum Standard or higher. Shorter term activities
undertaken to help meet each of these goals included installing rain sensors on irrigation

6 LEED was developed by the U.S. Green Building Council (USGBC) to set a benchmark for design, construction, and
operation of high-performance green buildings.

43

systems, changing the types of paint used for vehicles and road striping to reduce
hazardous air pollutants, and requiring all major new construction projects to meet the
Leadership in Energy and Environmental Design Gold Standard. As another example,
Table 1 shows the Sustainability Teams and 12 goals developed by Fort Lewis in 2007.

Table 1: Fort Lewis Sustainability Teams and Goals (2007)

Sustainability Teams

Sustainability Goals
1. Reduce traffic congestion and air emissions by 85% by
2025.

Air Quality

2. Reduce air pollutants from training without a reduction
in training activity.
3. Reduce stationary source air emissions by 85% by
2025.
4. Sustain all activities on post using renewable energy
sources and generate all electricity on post by 2025.

Energy/Infrastructure

5. All facilities adhere to the Leadership in Energy and
Environmental Design Platinum standard for sustainable
facilities by 2025.

Products and material
management

6. Cycle all material use to achieve zero net waste by
2025.

Sustainable Training
Land

7. Attain healthy, resilient Fort Lewis and regional lands
that support training, ecosystem, cultural and economic
values by 2025.
8. Recover all listed and candidate federal species in
South Puget Sound region.

Water Resources

9. Zero discharge of wastewaters to Puget Sound by 2025.
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10. Reduce Fort Lewis potable water consumption by
75% by 2025.
11. Fort Lewis contributes no pollutants to groundwater
and has remediated all contaminated groundwater by
2025.
12. Develop an effective regional aquifer and watershed
management program by 2012

Over time the Installation Sustainability Plan development process evolved to a
series of four sustainability workshops designed to help develop the goals, teams, initial
objectives, and tasks for the Installation Sustainability Plan. This is generally a two-year
process designed to create support for installation sustainability planning. The target
audiences were installation staff members who are interested in getting a sustainability
program started at their installation (Lachman et al, 2009). Army installations develop
their sustainability goals based on the principles of sustainability established for
installations:
Mission Excellence: proficiency in managing its resources necessary to support
the installation mission.
Community Collaboration: proficiency in ensuring the long-term viability of its
installations through active local and regional partnerships supporting mutually beneficial
goals and objectives.
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Environmental Stewardship: proficiency in meeting mission requirements through
prudent life-cycle use of resources, active environmental management, and replenishable
conservation.
Economic Benefit: proficiency in realizing true cost savings, eliminating
duplication of effort and expanding services through cross-functional planning and
cooperative resourcing.
Systems Thinking: proficiency in identifying and exploiting interrelationships
across functional areas to optimize resource allocation and process performance.
The Installation Sustainability Planning process for implementing sustainability
and integrating the principles of sustainability follows the "A-B-C-D-E-F-G" Strategic
Planning Model. Objectives of the Installation Sustainability Plan process are to:
Develop 25-year goals that will install a vision of an enduring installation that
adds value to daily operations.
Create ownership of an installation-wide strategic plan, goals and action plans
amongst a broad group of the installation's stakeholders (e.g. garrison, tenants,
surrounding community, et al).
Engage community stakeholders (inside and outside the installation boundaries)
throughout the process to provide an open forum to convey and better understand mutual
needs.
Strengthen existing and establish new relationships with community partners.
Communicate the principles of sustainability and build a transcending roadmap
that establishes an enduring installation ethos.
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Enable innovation through an integrated and collaborative cycle of planning and
execution.
Promote development of a sustainable community inside and outside the fenceline.
Figure 3 depicts the "A-B-C-D-E-F-G" Strategic Planning Model.

Figure 3: "A-B-C-D-E-F-G" Strategic Planning Model

The first step of the model is A (Awareness). This step brings installation
personnel together to learn about the principles of sustainability and identify local issues
and challenges. Participants prepare by reading or becoming familiar with a
recommending set of references that includes Dancing with the Tiger: Learning
Sustainability Step by Natural Step (Nattrass and Altomare, June 2002); Natural
Capitalism: Creating the Next Industrial Revolution (Hawken, Lovins, et al., 1999); and
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Believing Cassandra: An Optimist Looks at a Pessimist’s World (AtKisson, 1999).
Participants learn what issues are the most important to the installation, community, and
the region. This information will be provided to the installation commander to secure his
or her support for the Installation Sustainability Planning effort. In order to secure broad,
high-level participation in the planning process, it is important that the installation or
garrison commander supports and encourages the process. The commander also
participates in the Installation Sustainability Plan development process by providing
feedback to the teams and prioritizing goals.
During this step, participants identify 3 to 5 major activities for each of the
installation core processes. For example, the major activities in the procurement (core)
process might include identifying requirements, choosing a procurement method,
oversight or quality assurance, and managing downstream waste. Next, personnel create
system maps that show the relationships between business processes (i.e. the mission),
the community, and the environment. In the third step, the teams list the specific mission,
community, and environmental impacts associated with each major activity, as well as
the root causes of each impact. Finally, the teams discuss who needs to be involved to
reduce the impacts identified and what data are needed to analyze the effects of actions
taken to reduce impacts. Step A basically forms the basis for a draft baseline document as
a starting point for the next step.
The next step of the model is B (Baseline) where each team reviews the results of
the previous workshop and develops a baseline document. The baseline document
provides a concise analysis of current issues and a snapshot of current conditions. In the
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first team session, teams summarizing the key impacts of their processes on mission,
community, and environment. In the second session, they draft a “challenge statement”
describing key issues to be resolved and the desired end state. For example, at US Army
Garrison (USAG) Hawaii, the military training team’s challenge statement was “Given
our community and environmental concerns and fiscal constraints, how will USAG
Hawaii ensure realistic training support done to standard for the warfighter?” In the third
session, teams identify current sustainability initiatives in place at the installation and the
list of required team members to be invited to the next workshop.
During the third workshop - C (Clear Goals) - each team identifies a set of goals
to be achieved over a 25-year time horizon. These are frequently idealistic goals, such as
“zero waste” or “100 percent sustainable procurement.” This workshop includes a
broader range of stakeholders to generate buy-in and support for the goals and
demonstrate the Army’s commitment to the long-term success of the installation and the
community. The workshop begins with an executive session providing the installation
perspective and issues, the community perspective, and a keynote address to motivate
participants and educate them on sustainability concepts. It can also include a tour of the
installation to explain and show its mission and sustainability challenges.
Participants then break up into teams to develop a set of initial goals that address
the challenges identified in the previous workshop. Teams present the goals in a plenary
session and all participants vote on which goals should receive the highest priority. The
garrison commander, team leaders, and workshop facilitators review the results, select 6–
10 final goals, and reassign them to the teams. The teams meet again to refine the one or
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two final goals assigned to them and to specify metrics, a timeframe for achieving each
goal, the proponents who will be responsible for the goal, and a revised list of team
members.
The fourth workshop—D (Down to Action)—is used to complete the Installation
Sustainability Plan. Each team meets to complete the plan for each of its assigned goals.
This involves setting mid-range, manageable objectives over a 5 to 8-year planning
horizon that move toward the desired goal; establishing metrics that measure progress
toward the objectives and goals; developing action plans that specify who does what
tasks by when; setting targets for results to be accomplished in the next 1–2 years; and
identifying resource requirements (budget and staff time) for each task.
Implementation of the plan requires Evaluation and Feedback (E and F) to
measure progress and periodic updating of objectives and action plans. The objectives
and goals are then integrated into the installation’s existing management system such as
the installation strategic plan to engage senior leadership in measuring progress and
setting priorities. Objectives and action plans may also be integrated into functional
plans, such as the Real Property Master Plan, the Range Development Plan, the
Integrated Natural Resources Management Plan, and annual work plans that specify how
budgets will be executed.
At times, the workshop process also helps participants to think more about factors
that are important for implementation outside individual traditional areas of focus. For
example, an important factor in implementing the Installation Sustainability Plan is
obtaining resources from different sources. The installation may need to leverage
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resources across funding stovepipes to achieve objectives or develop cross-functional
business cases that show the potential payoff from proposed investments. In addition,
installations need to develop partnerships with surrounding communities, local suppliers,
other installations, and government agencies to help them implement sustainable
solutions.
The Army continues to seek innovations on its path to sustainability while
learning from its previous efforts. The following is a list Installations that have gone
through the Installation Sustainability Planning process of which will be considered as
case studies for this proposal:

Table 2: List of Army installations participating in Installation Sustainability Plan

Year Began
Waste
Water
Energy
Installation Reduction Reduction Reduction
Sustainability
Goal
Goal
Goal
Plan

Installation

Location

Anniston
Army Depot

Alabama

Fort Benning

Georgia

2005

Fort Bragg

North
Carolina

2000

Fort Campbell

Kentucky

Fort Carson

2008


















2003







Colorado

2002







Fort Drum

New York

2008

Fort Eustis

Virginia

2004
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Year Began
Waste
Water
Energy
Installation Reduction Reduction Reduction
Sustainability
Goal
Goal
Goal
Plan

Installation

Location

Fort Greely

Alaska

2009







Fort Hood

Texas

2002







2007































USAG Hawaii Hawaii
South
Carolina

2006

Letterkenny
Army Depot

Pennsylvania

2008

Fort Leonard
Wood

Missouri

Fort Lewis

Washington

2002

Fort Riley

Kansas

2009

Fort Rucker

Alabama

2009

Yakima
Training
Center

Washington

2007

Fort Jackson

2010

















The installations listed developed a plethora of sustainability goals. For example,
goals include designing and constructing green buildings, implementing sustainable
procurement, reducing greenhouse gas emissions, building sustainable transportation
networks and maintaining sustainable military training lands, to name a few. A
preliminary analysis shows that the common denominator between the installations
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appears to be goals related to energy, water and waste. Of the 22 installations listed in
Table 2, 14 have goals related to the reduction of energy use, water consumption and
waste disposal. An additional 4 installations have either one or two of the three goals.
Sustainability crosses all functional areas at Army installations, so all installation
personnel have a role. As an example, U.S. Army Garrison Vicenza (Italy) published the
following list of potential roles to show everyone plays a part in order to meet their
sustainability goals (US Army Garrison Vincenza, 2009)
•

Garrison Commanders and other Army leaders can be sustainability advocates.
Commanders are the advocates at every level who should understand and encourage
their team to explore and embrace new systems, approaches to resolving problems,
and technologies that will result in sustainable installations. Garrison commanders
should consider using their strategic plans as a means for capturing the Garrison
system-wide plan for transforming the installation into a sustainable installation.

•

Installation strategic planning offices can orchestrate all garrison directorates to first
develop strategic sustainability goals (documented in the Strategic Plan) and monitor
progress in moving towards these goals.

•

Energy managers can acquire energy from sustainable, renewable sources (solar,
wind, biomass). Procurement managers can purchase sustainable (green) products and
use vendors with take-back programs. For example, furniture and paper from
sustainable forests, non-Volatile Organic Compound paints, locally-produced goods,
fair trade products, remanufactured product trades, 100% recycled products, organic
products.
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•

Contracting officers can support their customers in acquiring sustainable services and
products by identifying appropriate sources and integrating language in contracts that
result in sustainable purchases.

•

Logistics managers can lease and procure energy efficient vehicles, specify green
products, plan for reuse and recycling of spares and repair parts, and maximize the
use of electronic manuals.

•

Master planners can design sustainable communities. For example, utilizing mass
transportation, bike and walking paths, and housing within walking distance of work.
The Master Plan should reflect and be an integral part of the Garrison Strategic Plan
for Sustainability.

•

Public works engineers can design sustainable closed loop waste water systems (e.g.
use gray water for irrigation), green roofs, solar cells on roofs, permeable hard
surfaces (roads, parking lots) to allow rainwater to soak through and replenish
groundwater, waterless urinals, water efficient fixtures, low energy consuming
appliances and lights.

•

Garrisons can partner with communities to share commonalities. For example,
connecting mass transit systems and sharing recycling programs for cost effectiveness
and efficiencies.

•

Personnel can develop succession plans that provide for the recruitment, retention,
development of staff and address retirement to ensure that we continue to have a
workforce with the required skills to meet current and future mission demands.
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•

Training land managers can ensure our ranges operate by employing emerging
technologies, sustainable land management techniques identified by the sustainable
range program.

•

Environmental managers can plan Earth Day events with sustainability themes and
support other installation functions in understanding and using sustainable technology
alternatives, systems, management systems and approaches.

•

Public Affairs Office can include a sustainability message in the garrison strategic
communication plan and outreach efforts including participation in regional
sustainability initiatives.

•

Installations planners must, by Executive Order, integrate sustainability into strategic
planning processes so that installations have a long-term roadmap that supports
development on a sustainable installation.

•

Tenant Organizations should be engaged in strategic planning to ensure their
participation in Garrison strategic sustainable goal development and implementation.

•

All personnel can review and file documents electronically (versus hard copies); use
duplex when printing; conserve energy; recycle; carpool, use mass transit, bike or
walk.
This shows the burden to become a sustainable installation is not the

responsibility of a single individual, office or activity within the organization. Everyone
has a role in order for sustainability to be incorporated into the corporate culture.
Sustainability needs to become part of the culture or a mindset for it to be successful.

55

Net Zero Initiative
In October 2010, the Assistant Secretary of the Army for Installation, Energy and
Environment, the Honorable Kathleen Hammack, announced the creation of the Army
Net Zero Initiative. Net Zero is a holistic strategy founded upon long-standing sustainable
practices and incorporates emerging best practices to manage energy, water, and waste at
Army installations. The intent of the Net Zero Initiative is to enhance mission
effectiveness and increase installation resiliency.
The Net Zero Initiative was launched with installation-level pilot programs
designed to serve as test beds to gather lessons learned, develop technical analysis and
roadmaps, and construct a solid foundation to transition and institutionalize the Net Zero
concept throughout the Army. These installations were selected because they volunteered
to be pilots and had support from their garrison commanders and higher headquarters.
These installations include fifteen Net Zero Energy, water, and/or waste installations and
two integrated Net Zero Energy-water-waste pilot installations, along with one statewide
Army National Guard Net Zero Energy pilot program.
A Net Zero Energy Installation is an installation that produces as much energy on
site as it uses, over the course of a year. To achieve this goal installations must first
implement aggressive conservation and efficiency efforts while benchmarking energy
consumption to identify further opportunities. The next step is to utilize waste energy or
to "re-purpose" energy. Boiler stack exhaust, building exhausts or other thermal energy
streams can all be utilized for a secondary purpose. Co-generation recovers heat from the
electricity generation process. The balance of energy needs then are reduced and can be
met by renewable energy projects.
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A Net Zero Water Installation limits the consumption of freshwater resources and
returns water back to the same watershed so not to deplete the groundwater and surface
water resources of that region in quantity and quality over the course of a year. The net
zero water strategy balances water availability and use to ensure sustainable water supply
for years to come. The continued draw-down of major aquifers results in significant
problems for the Army’s future. Strategies such as harvesting rain water and recycling
discharge water for reuse can reduce the need for municipal water, exported sewage or
storm water. Desalination can be utilized to convert briny, brackish or salt water to fresh
water so it is suitable for human consumption or irrigation.
The approach to creating a net zero waste installation is similar to creating a net
zero energy installation. A net zero waste installation is an installation that reduces,
reuses, and recovers waste streams, converting them to resource values with zero landfill
over the course of a year. The components of net zero solid waste start with reducing the
amount of waste generated, re-purposing waste, maximizing recycling of waste stream to
reclaim recyclable and compostable materials, recovery to generate energy as a byproduct of waste reduction, with disposal being non-existent.
To date substantial progress has been made in the areas of Net Zero energy, water,
and waste. From this, best practices and lessons learned have been identified that can be
used to guide these and other installations forward. In FY2013, the Army began to
decentralize Net Zero and embed these practices in standard operating procedures at
appropriate Army Commands/Direct Reporting Units and institutionalize an integrated
approach of sustainability and resource security to all installation design, planning,
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service, and investment decisions. Critical components of Net Zero, such as the
implementation hierarchy, can support and reinforce existing policy and guidance for the
management of Army installations.

Organizational Characteristics
This section will define organizational characteristics and discuss how they lead
to variations in implementing sustainability activities. Organizational characteristics are
broken down into organizational attributes or conditions and behavioral characteristics.
Organizational Attributes
There are numerous attributes that define an organization -- its structure, policy,
resources, mission, size, infrastructure and location of the organization.
Organizational structure
Organizations are structured in various ways and take various forms. Two of the
most significant forms are the flat and tall organizations. Flat (non) hierarchies have few
echelons with wide spans of control; whereas, tall hierarchies have many levels with
narrow spans of control (Downs, 1967). The Army is considered a tall hierarchical
organization and reflects an organizational structure in which every member except one
has a unique immediate supervisor or superior. Each level in the ‘chain of command’
reports to one echelon above. The one exception is the entity at the top of the hierarchy
(O’Neill, 1982).
In an organization, the hierarchy usually consists of a singular group of power at
the top with subsequent levels of power beneath them. Members of hierarchical
organizational structures chiefly communicate with their immediate superior and with
their immediate subordinates. Many corporations, governments and militaries have
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similar organizational structures. The basic assumption which generates a hierarchy is
that each member is restricted to a single specialized task resulting in a ‘one man-one
task’ principle (Herbst, 1976).
The Army’s organizational structure has evolved over time and is continuously
being adapted to ensure a “goodness of fit” between its overall structure and the
conditions of the external environment. In essence, the Army exists as an “open system”
and thus must be structured and re-structured in such a way as to allow the system to
adapt to external factors in an appropriate manner. To facilitate adaptation, the Army
organizational system is composed of a combination of decentralized functionallyfocused subordinate organizations empowered to adapt and make decisions to effectively
and efficiency support or execute mission requirements and a centralized hierarchy
designed to establish policies to effect coordination and cooperation between the suborganizations and ensure cross-functional integration and differentiation.
The Installation Management Command has stood up a Plans, Analysis, and
Integration Office (PAIO) which provides support directly to the Garrison Command
Group 7. The PAIO oversees and integrates action plans across the installation into a
cohesive strategic plan, measures performance against the plan, and ensures leadership
maintains visibility of overall Garrison success of the Commander's strategic vision and
ensuring all long-range plans fully support installation sustainability goals (Installation
Management Command, 2010)
7 Garrison Command Group generally consist of the highest level of leadership at the installation. Normally, it consists of
the Garrison Commander (highest ranking officer), the Deputy Commander (highest ranking civilian) and the Command
Sergeant Major (the highest ranking non-commissioned officer).
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There is a quandary that many organizations consider sustainability to be an
environmental responsibility and therefore lays the onus on that organization’s activity.
The challenge with this position is that buried deep in the organizational hierarchy is the
environmental staff who generally have little influence and limited authority as a change
agent to effectively inculcate sustainability into that organization’s operations and other
functional areas (Warnock 2008). Therefore, having the staff responsible for managing
the installation sustainability program should report directly to the Command Group.
Hypothesis: Installations that have the staff responsible for overseeing the
sustainability efforts who report directly to the Command Group will have greater
success of meeting their sustainability goals than installations that have the sustainability
lead in lower echelons of the organization.
Policy
Policy can be considered a principle or standard to guide decisions and achieve
desired outcomes and could be an enabler for implementing sustainability activities into
an organization. An organization could develop a policy where sustainability is a
strategic goal. Another approach would be an organization issues policies supporting
sustainability. For example, the Army has sustainable building design policies where
buildings are required to meet certain energy and water efficiency standards. Another
policy is the Army's Net Zero initiative where installations are required to attain net zero
waste, water and energy consumption. For the Army, policy could be issued by senior
leaders at the headquarters (Washington, DC) level or at the installation by the garrison
commander, or a subordinate activity.
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Edgar Schein discusses the ways that leaders create or change cultures, including
expected behaviors, through "embedding mechanisms" (Schein, 1992). He maintains
leaders may use these mechanisms to communicate what they believe in and therefore
what “they systematically pay attention to.” Furthermore, Schein discusses how leaders
use these embedding mechanisms to create and change an organizational culture. Army
senior leaders may use these mechanisms in order to change the organizational culture
with the aim of inculcating sustainability throughout the Army. Effective leaders
acknowledge that their viewpoint influences their subordinates and that leader priorities
become follower priorities. The leader transmits those viewpoints and priorities by many
means - some directly but others indirectly or according to context. It is important that
followers clearly understand the leader’s expectations. Of paramount importance is
leaders’ awareness of how their points of view, priorities and actions will set standards
for their followers’ behaviors and values.
Hypothesis: Installation commanders that have a written policy in place
emphasizing the importance of sustainability at the installation will have better success of
meeting their sustainability goals than installations that do not have a written policy.
Resources
Resources include financial and human resources. The budget is a central part of
any government activity. Agencies, programs and projects ebb and flow according to
their share of the budget. Budgetary considerations sometimes force items higher on the
government agenda, acting as a promoter. At other times, budgets acts as constraints,
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holding some items low on the agenda because the item would cost more than the
decision makers are willing to compensate (Thurber, 1995).
For Army installations, Base Operations Support (BOS) is the funding mechanism
that provides the resources to operate the installations. These resources fund
infrastructure and personnel support. Infrastructure support includes utility systems
operations (e.g. water, sewer, gas, electric); installation equipment maintenance;
engineering services including fire protection, crash rescue, custodial, refuse collection,
snow removal, and lease of real property; security protection and law enforcement; and
transportation motor pool operations. Personnel support includes payroll support;
personnel management; food and housing services; religious services and programs; and
morale, welfare, and recreation services to military members and their families.
Sustainability initiatives could be directly or indirectly funded by BOS.
Mission
Another organizational attribute is mission. The Army’s overarching mission is to
“fight and win our Nation’s wars by providing prompt, sustained land dominance across
the full range of military operations and spectrum of conflict in support of combatant
commanders” (U.S. Army, 2011) Laws further direct the Army to be organized and
trained for prompt and sustained combat. Many other specific requirements are assigned
by statute to the Secretary of the Army which include requirements to form organizations
of men and women and machines “for the effective prosecution of war.” (U.S. Army War
College, 2012).

62

In support of its mission, the Army has the responsibility to secure from its
resource environments the “raw materials” for its many production efforts: recruiting
untrained citizens to become soldiers, searching for useable technology, and dealing with
producers of outside goods and services. Its task, accomplished through its people and
structure, is to convert the “raw materials” into the “intermediate goods” required to
support national security. To do this, the Army integrates doctrine, organizations,
training, materiel, leadership and education, personnel and facilities to produce the
desired end state. Training centers and schools transform untrained people into combat
engineers, medics, logisticians, infantrymen, rotary wing pilots, tank crewmen and
mechanics. Schools convert ideas and knowledge into doctrine, tactics, techniques, and
training methods for the use in combat. Laboratories, arsenals, and procurement and test
organizations convert technology into weapons systems and equipment for combat. Other
areas that support the mission provides sustaining support to the Army such as health
care, housing, commissary support, security, fire protection, safety and other services
(U.S. Army War College, 2012).
All of these activities that support the mission are located at Army installations.
Types of installations included airfields, arsenals, barracks, camps, centers, combat
training areas, depots, forts, institutes, laboratories, libraries, medical centers, medical,
ocean terminals, proving grounds, and ranges. The integration of installation organization
and operations into the Army’s overall organizational structure, both as a home station
and training base, has proven to have a significant and positive effect on mission
readiness. Installations are organized for and capable of training, mobilizing, deploying,
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sustaining, supporting, recovering, and reconstituting assigned and mobilized operating
forces. Additionally, activities on the installation receive installation support in
accomplishing their missions. Examples of these are schools, hospitals, reserve
component elements, and tactical headquarters and their subordinate units.
There are several types of installations that support various commands. For
example, installations exist that support the Army's training mission. The mission of the
Training and Doctrine Command is to develop the doctrine required to train and
professionally develop Soldier and Civilian leaders. The Training and Doctrine
Command recruits, trains and educates the Army’s soldiers and civilians; develops
leaders; supports training in units; develops doctrine; establishes standards; and builds the
future Army. The Training and Doctrine Command operates 32 schools and centers at 16
Army installations (U.S. Army War College, 2012). As another example, installations
support the Army materiel and acquisition mission. The Army Materiel Command
operates the research, development and engineering centers; research laboratories;
depots; arsenals; ammunition plants; and other facilities; and maintains the Army’s
prepositioned stocks of military materiel. Army Materiel Command has 18 installations,
including 9 depots, 8 ammunition plants, and one arsenal. To provide a scope and
diversity of Army installations, Table 3 shows the types, names and locations.
Hypothesis: The mission of the various Army commands, will impact the success
of the installation in pursuing their sustainability goals.
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Table 3: Types of Installations

Type of
Installation

Name and Location
•

Arsenals

•
•

Barracks

•

Carlisle Barracks, PA

•

Anniston Army
Depot, AL
Blue Grass Army
Depot, KY
Corpus Christi Army
Depot (CCAD), TX
Deseret Chemical
Depot, UT
Letterkenny Army
Depot, PA

•

Depots

•
•
•
•
•
•
•
•
•

Forts

Picatinny Arsenal, NJ
Redstone Arsenal, AL
Rock Island Arsenal
(RIA), IL

•
•
•
•
•
•
•
•
•
•
•
•

Fort A. P. Hill, VA
Fort Belvoir, VA
Fort Benning, GA
Fort Bliss, TX
Fort Bragg, NC
Fort Buchanan, Puerto
Rico
Fort Campbell, KY
Fort Carson, CO
Fort Detrick, MD
Fort Dix, NJ
Fort Drum, NY
Fort Eustis, VA
Fort Gordon, GA
Fort Greely, AK
Fort Hamilton, NY
Fort Hood, TX
Fort Huachuca, AZ
Fort Irwin, CA
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•
•

Rocky Mountain
Arsenal (RMA), CO
Watervliet Arsenal,
NY

•

U.S. Army
Disciplinary Barracks,
KS

•

Red River Army
Depot (RRAD), TX
Sierra Army Depot,
CA
Tobyhanna Army
Depot, PAL
Tooele Army Depot,
UT
Umatilla Chemical
Depot, OR

•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Fort Knox, KY
Fort Leavenworth, KS
Fort Lee, VA
Fort Leonard Wood,
MO
Fort Lewis, WA
Fort McClellan, AL
Fort McCoy, WI
Fort Meade, MD
Fort Monmouth, NJ
Fort Myer, VA
Fort Polk, LA
Fort Richardson, AK
Fort Riley, KS
Fort Rucker, AL
Fort Sam Houston, TX
Fort Shafter, HI
Fort Sill, OK
Fort Stewart, GA

Type of
Installation

Proving
Grounds

Name and Location
•

Fort Jackson, SC

•

Aberdeen Proving
Ground (APG), MD
Dugway Proving
Ground, UT

•

•
•

Fort Story, VA
Fort Wainwright, AK

•

Electronic Proving
Ground, AZ
Yuma Proving
Ground, AZ

•

As stated earlier, the Army’s mission is to fight and win our Nation’s wars by
providing prompt, sustained land dominance across the full range of military operations
and spectrum of conflict in support of combatant commanders. In addition, each
installation has their own individual mission that supports the overarching Army mission.
For example, the following are examples of missions from selected Army installations.
Fort Bragg, NC -- "... equips, trains, rapidly deploys, and sustains full spectrum
forces supporting Combatant Commanders from a Community of Excellence where
Soldiers, Families and Civilians thrive.”
Fort Drum, NY -- "... provides Best in Army services and infrastructure for our
Soldiers, Families and Civilians who support our Nation during a time of persistent
conflict."
Tooele Army Depot, UT -- "To support Warfighter readiness through superior
receipt, storage, issue, demilitarization and renovation of conventional ammunition and
the design, manufacture, fielding and maintenance of ammunition peculiar equipment."
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Fort Hood, TX -- "Direct and coordinate installation garrison operations and
training support activities while providing force protection, mobilization and
demobilization / reserve component training support, force modernization, operational
planning and emergency operations functions, in order to provide a focused training
environment for III Corps and other mission customers."
The installation's mission can be impacted by outside influences. For example,
during Operation Enduring Freedom (i.e. the war in Afghanistan) installations such as
Fort Bragg and Fort Drum sent thousands of troops to the war zone. In preparation for
deploying the soldiers, the operational tempo at those installation were high and the
priority was equipping, training and deploying the soldiers. All other activities at the
installation at the time would be secondary.
Hypothesis -- The high operational tempo from the Nation's Global War On
Terror impacts the installation's mission causing sustainability goals to be less a priority
and failure more prominent.
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Figure 4: U.S. Map of Army Installations

Size
The size of an installation is also an organizational attribute. Installations vary in
size in both acreage and population. They can be as small as Fort Detrick, MD which
encompasses approximately 1,143 acres and 8,160 military and civilian employees; or
can be as large as Fort Carson, CO consisting of approximately 137,000 acres and in the
order of 23,000 employees. Installations may be contiguous and noncontiguous as well.
Letterkenny Army Depot, PA consist of 17,500 contiguous acres -- i.e. the entire
installation is within 'one fence line'; whereas Fort Detrick, in addition to the main
garrison ("Area A") includes two additional noncontiguous parcels of land -- "Area B"
and "Area C", all located within the surrounding area. Area B is 399 acres, is located
approximately 2 miles from the main garrison, and includes Fort Detrick’s active
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municipal landfill, an animal farm (for research purposes), a former shooting range,
waste disposal areas, an explosives storage facility, and open fields used for historic
research activities. Area C, also located approximately 2 miles from the main garrison,
houses the garrison's water treatment plant and wastewater treatment plant along the
Monocacy River.
Even though installations vary in size and population, the Army manages
installations by standardization. One method of standardization is the "Standard Garrison
Organization" which aligns installation management functions in a common
organizational structure. Standard Garrison Organization drives Army doctrine for
installation management by standardizing management and organizational terminology,
roles, responsibilities, position descriptions and terms of reference. Standard Garrison
Organization prescribes garrison staff organization from Directorate level down to
Division level. It does not prescribe organizational level down to Branch level. There are
different types of Directorates or Offices reporting to the Commander. Figure 4 shows
the Standard Garrison Organization (U.S. Army War College, 2012).
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Figure 5: Diagram showing standard garrison organization

Another standardized methodology at installations is the "Common Levels of
Support" which is a decision process that enables successful uniform delivery of the
Army’s highest priority installation services, within available funds. Common Levels of
Support is built on the principle that installations will provide support to Army customers
(i.e. soldiers and their families and the entire workforce) across all installations (U.S.
Army War College, 2012). This support is standard but adaptable to local realities for the
installation (e.g., requirements of mission, demography, or geography). For example, no
matter what is the size or geographic location of the installation, a soldier and his family
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will know they will have the same level of services -- whether it is housing, meals,
laundry or shopping services -- when they are transferred from one installation to another.
Infrastructure
Infrastructure at an installation is an organizational attribute as it can impact the
productivity of the organization. Infrastructure is a term architects, engineers, and urban
planners use to describe essential facilities, services, and organizational structures for
cities and communities. For Army installations, infrastructure includes roads, railroads,
bridges, water, gas, sewers and electrical lines, telephone lines, cell phone towers, dams,
reservoirs, air control towers, schools, fire stations, mass-transit systems, hospitals,
clinics, emergency response systems, sanitation and waste removal. Army installations
encompass over 59,000 miles of roads, 2500 miles of railroads, 18,000 housing units,
68,000 miles of electric, gas, water and sewage lines, 145 airfields, 738 heliports, and
over 796 million square feet of buildings (Assistant Chief of Staff for Installation
Management, 2013)
Like its neighbors outside the installation boundaries, Army installations are
facing huge challenges due to aging infrastructure. Years of underfunding have taken
their toll on Army installations. Aging infrastructure is a military readiness issue. Loss of
electric, gas, water and sewage services could shut down military operations at an
installation. According to an Association of the U.S. Army study "...the armed forces’
crumbling infrastructure—from barracks to houses, offices, roads, utility systems (water,
sewer, gas, electric), training ranges, etc.—is a serious readiness issue that is only
worsening with time." (Association of the U.S. Army, 2001)
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Infrastructure could be an enabler for installations pursuing their sustainability
goals. For example, the U.S. Environmental Protection Agency (Environmental
Protection Agency, 2001) has been promoting the use of green infrastructure approaches
including rainwater harvesting to decrease stormwater runoff. Rainwater harvesting is
ideal for large industrial, commercial, or institutional buildings, especially ones with
expansive parking lots.
Infrastructure is a common denominator among installations no matter what the
size, location or mission. All installations have roads, electric, telephone, water and
sewage lines. Where the types of infrastructure vary depends on the mission. For
example, Fort Detrick, MD performs biological testing and requires a medical waste
incinerator to treat and dispose of its medical wastes. Letterkenny Army Depot, PA is a
large industrial installation and requires a special industrial waste water treatment plant to
treat its industrial wastewater. Another characteristic of infrastructure is age. Army
installation decaying infrastructure is could impact the mission of the installation and
impede the implementation of sustainability by diverting attention and resources away
from the sustainability initiatives.
Hypothesis -- Installations with aging, substandard and decaying infrastructure
will impede progress of an installation in meeting its sustainability goals.
Location
The location of Army installations is another organizational attribute. Army
installations are located in 29 states plus Puerto Rico and the District of Columbia.

72

The methodology of locating installations across the country has an interesting
history. Following America’s Independence, the new government initiated a fortification
program to protect harbors at strategic locations along the Atlantic Coast. Fort Monroe,
VA (1819) was built to protect the Hampton Roads estuaries, while Fort Hamilton, NY
(1825) was established to protect the New York City harbor. Establishment of a
manufacturing base for a reliable supply of armaments in the industrial northeast was
needed to defend the country led to the construction of the Watervliet Arsenal, NY
(1813).
Fort Leavenworth, KS (1827) was placed on the west bank of the Missouri River
to protect the increasingly populous Mississippi/Missouri river valley and settlers heading
out west. As expansion continued, numerous forts were established along major
westward routes across the plains and mountains. Fort Bliss (1848), TX, Fort Sam
Houston, TX (1876), and Fort Huachuca, AZ (1877) became garrisons holding large
troop units.
World War I generated the need for many large mobilization training locations in
the United States where the Army had to prepare for the millions of recruits believed
necessary to engage large European armies. Many new and large posts were established
and/or expanded during this time frame, including Fort Dix, NJ (1917), Fort Benning,
GA (1918), and Fort Drum, NY (formally Pine Camp, 1908).
Another set of installations were created to support a build-up due to World War
II. Fort Polk, LA (1941), Fort Hood, TX (1942), Fort Campbell, KY (1942), and Fort
Carson, CO (1942) were part of this acquisition, and all are inland sites that utilized and
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required railroad access for transporting troops and equipment.

Another category of

ordnance-related installations expanded early in World War II were proving grounds.
Proving grounds are important in Army materiel development, providing a place to test,
that is “prove,” that the munitions and equipment function as planned. Dugway Proving
Ground, UT (1942) and Yuma Proving Ground (1943) joined the oldest proving ground,
Aberdeen Proving Ground, MD (1917). The Army added industrial facilities for the
manufacturing and storing of ammunition and explosives. Anniston Army Depot, AL
(1941), Letterkenny Army Depot, PA (1942) and Tooele Army Depot (1942) were
established to support these industrial requirements. Geographical considerations and
concerns also created another expansion of installations during World War II. Due to the
threat of Japanese invasion a considerable effort went into fortifying and expanding the
Army’s presence in Alaska. Fort Wainwright (1939), Fort Richardson (1940) and Fort
Greeley (1942) were established to meet these defensive requirements (Balbach et al,
2011)
The greatest area of Army land holdings remains in the West, with over 70
percent of the Army’s lands in the mid-1980s located within 10 western States (Alaska,
Arizona, California, Colorado, Nevada, New Mexico, Oregon, Utah, Washington, and
Wyoming) (Cawley and Lawrence 1999).
With installations located across a wide and diverse geography, the location of an
installation can be influenced by environmental factors such as climate, hydrology,
temperature, electrical and renewable energy. Location can also be influenced by human
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induced factors such as politics, regulatory control and encroachment. Each of these
environmental factors can prove to be beneficial or cause challenges for an installation.
Climate
The United States includes a wide variety of climate types due to its large size,
range of geographic features, and non-contiguous arrangement. To illustrate, the
following is a sampling of installations and their respective type of climate: Fort Polk,
LA -- Humid Subtropical climate; Tobyhanna Army Depot, PA -- Humid Continental
(Warm Summer) climate; Fort Drum, NY -- Humid Continental (Cool Summer) climate;
Fort Bliss, TX -- Semiarid Steppe climate; Fort Huachuca, AZ -- Midlatitude Desert
climate; Fort Lewis, WA -- Marine West Coast climate; Dugway Proving Ground, UT -Highland (Alpine) climate; Schofeld Barracks, HI -- Tropical climate; Fort Wainwright,
AK -- subarctic climate (National Oceanic and Atmospheric Administration, 2013). Each
of these types of climate influence the management of installations in regards to
maintenance, heating and cooling of facilities, logistics, modes of transportation,
recreation and moral of its Soldiers, their families and civilian employees.
Hydrology
Climate change has become one of the most important environmental issues
worldwide. A related topic that also requires urgent attention is that of expected water
shortages around the globe and the options available to cope with them. Water scarcity is
no longer a problem isolated to arid areas; it happens in every climate. Even in the United
States, where water was widely regarded as a limitless resource, water supply is under
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increasing demand. Groundwater levels are declining, and water treatment plants struggle
to meet current demands while dealing with declining infrastructure.
Water scarcity is expected to worsen in the coming years, nationally and globally
(Morrison 2009; Kellman 2009). In the face of coming shortages, the Department of
Defense Base Realignment and Closure Act (BRAC) activities are expanding and
realigning military installations. This, in combination with responsibilities and
requirements of the Global War on Terror, forces installations to increase their demands
on available water supply, especially in some semi-arid and drought stricken regions.
Some installations are already becoming "water-limited," and may need to restrict their
consumption. It is essential for military installations to use available water to best effect
to address water scarcity and ensure environmental security.
Water is generally considered a renewable resource, but a host of widespread
changes (population growth; surface and groundwater contamination from human
activities; globally increased water usage for agricultural, industrial, and personal uses;
rising global and regional temperatures; and rising water demands for alternative energy
production options such as bio-fuels and tar sands) are contributing to growing problems
that are beginning to limit access to adequate, sustainable supplies of high quality water.
Over the past decade, about 50 percent of the United States has been experiencing
drought and/or severe drought conditions (Jenicek et al. 2009).
The greatest water challenge for the Army is that the resource supply and demand
act across a multiple of scales. Watersheds and aquifers cross political boundaries and
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require Federal, state, and local agencies to work cooperatively in addressing water
problems (Jenicek et al. 2009).
The complexity of water compacts, treaties, and agreements is another challenge
for Army installations. Each installation is subject to a regionally-unique set of rules that
determine availability of water. The question of who owns the water--or, if water belongs
to the public, who has the right to use it--is an issue of great contention. Laws, customs,
and traditions form the agreements that are the basis for water allocation law.
Army facilities within the United States currently enjoy relatively low water costs.
Throughout the United States, water is priced, not according to its value as a precious
resource, but to recover the costs incurred to extract and pump. The Army is not eligible
for any special rate structure and trends toward increases in pricing are being seen.
According to the American Water Works Association 2008 Water and Wastewater Rate
Survey, the average monthly water bill for an “average” customer increased by 4.8
percent annually since January 2006. For those communities with block rate structures
for residential users, the shift since 2006 has been toward increasing block rates, that is,
greater water use incurs a higher rate (Jenicek et al. 2009).
Precipitation also varies across the country and among the installations. For
example, the average annual rainfall for Fort Lewis, WA is almost 40 inches; whereas
Fort Bliss, TX receives less than 10 inches annually. Water availability impacts the
mission when lack of water may require water restrictions. Army maintenance depots are
huge consumers of water with their industrial operations and water restrictions could
impact their mission requirements. Installations that house thousands of soldiers and their
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families may be required to conserve water by restricting watering lawns, gardens or
washing vehicles. A water conservation technique installations could implement is rainwater "harvesting," or the capture of rainfall runoff from roofs or similar hard surfaces
that would normally escape to storm sewers or overland flow. This provides a high
quality source of water that can be used to extend an installation's water supply.
Temperatures
There are a wide variety of temperatures zones across the United States due to its
large size, range of geographic features, and non-contiguous arrangement. For example,
the annual average temperatures for Fort Stewart, GA is a high of 76oF and a low of 55oF
low. For Fort Wainwright, AK the high is 44oF with a low of 30oF. Temperature impact
the mission in regards to heating and cooling of facilities, irrigation, droughts, and heat
and cold stress on soldiers during outside training operations.
Electrical and Renewable Energy
The nature of this country's electrical power grids and the potential for renewable
energy impact an installation's ability to reach their energy goals. The Nation's electrical
infrastructure is aging and portions of the transmission systems are reaching their limits
as customer demand increases. The level of electrical grid congestion and reserve
capacity shows how well the region is planning to meet electrical demand growth in the
future or the possibility of future electric shortages in a region in times of high electrical
demand. All of these factors impact the installation's electrical power strategy.
Various types of renewable energy are ideal across the United States. A crucial
factor in the development, siting, and operation of a wind farm is the ability to assess and

78

characterize available wind resources. Wind power is much more prevalent in the
Midwestern states; whereas, in general, states east of the Mississippi River lack the wind
speed compared to the Midwestern states. Around the United States, available sunlight
varies considerably as a result of differences in cloud cover and latitude, and also varies
with the seasons. Installation located in the southwest (e.g. Fort Bliss, TX, Yuma Proving
Ground, AZ, and Fort Irwin, CA) would certainly benefit from the solar potential. On the
other hand, installations located in the Northeast (e.g. Fort Hamilton, NY, Fort Mead,
MD, Tobyhanna Army Depot, PA) would benefit much less. Installations that are able to
tap into this onsite energy source would allow them to be less dependent on the
commercial energy providers while being more sustainable by meeting their energy
goals.
Hypothesis -- Installations located in areas of abundant renewable energy (e.g.
wind power in the Midwestern states and solar power in the Southwestern states) will be
more successful in reaching their energy reduction goals than installation not located in
those areas.
Political
The political environment can impact operations at an Army installation. The
political environment varies from state to state and even at the local government level.
State government's policy and regulations vary in regard to environmental issues. Policy
and regulation can encourage or deter the regulatory community on how they manage
energy consumption, generation of waste, emission of air pollution and the discharge of
waste water. State policy and regulations can support or dissuade the regulatory
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community in their sustainability efforts such as reducing the volume of waste disposal,
energy conservation, water consumption, constructing green buildings, investing in green
energy, or recycling. Land use regulations and zoning laws vary at the state and local
level.
Encroachment
Historically, remoteness and isolation from population centers have always been
valued when choosing the location for new installations. While many installations were
built with enough “buffer” space for training given a World War II military, the
expanding footprint of each new generation of military weapon and vehicles continuously
eroded this “buffer” space (Lachman, Wong, and Resetar 2007). Another perspective
might be that the evolution of military training doctrine and weapon systems has
increasingly required more space for air flights, land convoy simulations, weapons
testing, and maneuver events. Installations that had been an hour’s train ride outside of
town in 1940 were now surrounded by “bedroom suburbs.”
It was not until the late 1990s that the word “encroachment” started receiving
widespread use within the Department of Defense. The concept behind the word related
to readiness – and how “external” factors were impacting the readiness of the military
because of constraints imposed on training and testing activities. The official Department
of Defense definition of encroachment is: "the cumulative result of any and all outside
influences that inhibit normal military training and testing" (GAO 2003).
As a result, buffer space was now needed beyond the fence line, exactly where
new housing and commercial developments are being created outside the installation
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boundaries (Deal, Timlin, and Goran 2002). In many cases the noise from all aspects of
Army training caused these nearby communities to react with annoyance and even anger.
This phenomenon of the adjacent civilian community growing to surround an installation
gave rise to the use of the term “encroachment” in its original sense.
The individual location of each installation causes each facility to be unique.
Climate, hydrology, seasonal temperatures, the country's electric grid, the potential for
renewable energy, the political environment and encroachment can lead to challenges -or be enablers -- in an installation's quest to be more sustainable.
Behavioral Characteristics
Behavior is the second organizational characteristic that leads to variations in
implementing sustainability activities. Behavior underlies almost all environmental
problems and unsustainable conditions, such as pollution, climate change, deforestation
and loss of diversity. Research in psychology offers clues as to why people engage in
unsustainable behaviors despite their concern about the broader consequences. On the
other hand, the research also explains why people go out of their way to behave
sustainability, and how it is possible to motivate and empower sustainable actions. The
goal of setting the right conditions for positive sustainable behavior is to create the
environment that make sustainable action the most appealing or natural choice. Most
people want to live in a way that treats the ecosystems we depend on with care and
respect, and people express increasing worry about the state of our natural environment.
Yet we all find ourselves engaging in unsustainable daily behaviors that have negative
environmental impacts.
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So why is it so difficult for us to change our behavior and act upon our
environmental concerns? Is it motivation? There are two primary forms of motivation -intrinsic and extrinsic. Intrinsic motivation is internally driven by an interest or
enjoyment in a task or activity. It does not rely on external factors such as rewards or
punishments. An example of a person being intrinsically motivated would be one who
studies hard because of the personal satisfaction gained by learning, rather than the
achievement of getting high grades. Characteristics of people who are intrinsically
motivated include a belief that future results are under one's own control (autonomy); a
belief that one possess the skills necessary to achieve a desired goal (as opposed to luck);
and an interest in achievement for achievement sake, rather than achievement to please or
satisfy requirements or the expectations of others.
Extrinsic motivation is the performance of an activity to achieve a specific
outcome. Extrinsic motivations originate outside of the individual. Common extrinsic
positive motivations are rewards like affection, money, or grades. Common extrinsic
negative motivations include threat of physical, emotional or monetary punishment.
Competition is generally considered to be extrinsic motivation because it encourages the
individual to win at the expense of others, rather than provide pure, internal reward.
There are other motivational theories that have been postulated and proven to one
degree or another such as incentive theory; drive-reduction theory; cognitive dissonance
theory; need hierarchy theory; Herzberg's two-factor theory; Alderfer's ERG theory; Selfdetermination theory; goal-setting theory; social cognitive theory; social learning theory;
self-concept theory; and attribution theory.
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Hypothesis – The organizational characteristics of an installation will influence
the sustainability of an installation.
The following is a list of the hypotheses discussed throughout this chapter:

Table 4: List of Hypotheses

Hypothesis
H1

H2
H3

H4

H5
H6

H7
H8

H9

Installations that have clear sustainability policy and mandates and are provided
with sufficient resources, will be more successful in reaching their sustainability
goals.
Installations that have good measurable metrics will be more successful in
reaching their sustainability goals.
Installations that have the staff responsible for overseeing the sustainability
efforts who report directly to the Command Group will have greater success of
meeting their sustainability goals than installations that have the sustainability
lead in lower echelons of the organization.
Installation commanders that have a written policy in place emphasizing the
importance of sustainability at the installation will have better success of meeting
their sustainability goals than installations that do not have a written policy.
The mission of the various Army commands, will impact the success of the
installation in pursuing their sustainability goals.
The high operational tempo from the Nation's Global War On Terror impacts the
installation's mission causing sustainability goals to be less a priority and failure
more prominent.
Installations with aging, substandard and decaying infrastructure will impede
progress of an installation in meeting its sustainability goals.
Installations located in areas of abundant renewable energy (e.g. wind power in
the Midwestern states and solar power in the Southwestern states) will be more
successful in reaching their energy reduction goals than installation not located in
those areas.
The organizational characteristics of an installation will influence the
sustainability of an installation.
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CHAPTER THREE: METHODOLOGY

Overview of Methodology
This research was designed to be executed in three phases. Phase I is a
quantitative analysis directed to the dependent variables. Phase II is also a quantitative
analysis directed to the regression analysis of the dependent and independent variables.
Phase III consists of a qualitative analysis where personnel from selected installations
were interviewed.
Phase I consists of an analysis of the dataset consisting of selected installations
and determining if they are meeting their sustainability goals related to the reduction of
water consumption, waste disposal and energy use. Authoritative government databases
were used to collect water, waste and energy data from the selected installations.
Statistical analysis were used to determine trends in the water, waste and energy data.
These trends act as indicators as to whether an installation is succeeding or failing in
meeting its sustainability goals. Dependent variables are the sustainability indicators
discussed below. They include: (1) water consumption; (2) solid and hazardous waste
disposal; and (3) energy consumption for facilities and fleet vehicles.
Phase II consists of an analysis of the dataset relating to the selected installations'
organizational and environmental characteristics. Organizational and environmental
attributes are broken down into seven categories: (1) the characteristics of the installation
where the independent variables are organizational structure, policy, budget, mission,
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size, and infrastructure; (2) Hydrology where the independent variables are level of
development, groundwater depletion, and water quality of the watershed; (3) Climate
where the independent variables are annual heating and cooling degree days, winter and
summer monthly average temperature, and precipitation; (4) Energy with the independent
variables being electrical grid congestion, electrical grid reserve capacity, deregulation
and net metering; (5) Political Environment; (6) Encroachment where the independent
variables are regional population density, increased regional growth rate, regional
population growth, regional land urbanization, smart growth plans, joint land use studies
and proximity to metropolitan statistical areas); and (6) Installation Sustainability Plan or
similar strategic plan where the independent variables are presence of a plan, length of
plan and aggressiveness of goals. Each of these organizational and environmental
characteristics were quantified. A multiple regression analysis was performed to learn
more about the relationships between the dependent and independent variables.
Phase III consisted of a series of interviews of key installation personnel to gain a
deeper understanding on the successes or failures of installations reaching their
sustainability goals.

Army Installations
Table 5 lists the 38 installations involved with this study.

Table 5: List of Installations and States

1
2
3

Name of Installation
Aberdeen Proving Ground
Anniston Army Depot
Dugway Proving Ground
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State
MD
AL
UT

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Name of Installation
Fort AP Hill
Fort Belvoir
Fort Benning
Fort Bliss
Fort Bragg
Fort Campbell
Fort Carson
Fort Detrick
Fort Drum
Fort George G Meade
Fort Greely
Fort Hood
Fort Huachuca
Fort Irwin
Fort Jackson
Fort Knox
Fort Leavenworth
Fort Lee
Fort Leonard Wood
Fort Lewis
Fort Polk
Fort Riley
Fort Rucker
Fort Sill
Fort Stewart
Fort Wainwright
Letterkenny Army Depot
Redstone Arsenal
Rock Island Arsenal
Sierra Army Depot
Tobyhanna Army Depot
USAG Hawaii Schofield Barracks
West Point
White Sands Missile Range
Yuma Proving Ground

State
VA
VA
GE
TX
NC
KY
CO
MD
NY
MD
AK
TX
AZ
CA
SC
KY
KS
VA
MO
WA
LA
KS
AL
OK
GE
AK
PA
AL
IL
CA
PA
HI
NY
NM
AZ

Figure 6 shows the notional locations of the Army installations included in this
study.
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Figure 6: Locations of Army Installations for this Study

The following is a brief description of each installation 8:
1. Aberdeen Proving Ground, MD
Aberdeen Proving Ground was established on the shores of Chesapeake Bay in
1917 to provide the nation a site where Army materiel could be tested. Located 35 miles
northeast of Baltimore, it is the host of approximately 22,000 civilian, military and
contractor personnel and covers more than 72,500 acres, more than half of which is water
or wetlands.

8

Information on the installations were taken from the official Army website (www.army.mil) and the
Association of the U.S. Army: The Green Book.
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At the same time, the Edgewood Arsenal was established nearby to provide a site
for the development, production, and testing of chemical warfare materiel. The two
installations were officially joined as Aberdeen Proving Ground in 1971. The two areas
of Aberdeen Proving Ground Aberdeen Area (AA/APG North) and the Edgewood Area
(EA/APG South) are separated by the Bush River and are approximately 15 road miles
apart.
The installation provides facilities to perform research, development, testing and
evaluation of Army materiel. The installation also supports a wide variety of training,
including mechanical maintenance, health promotion and preventive medicine, chemical
and biological defense, and chemical casualty care, chemical demilitarization.
Facilities include laboratories for research investigations, state-of-the-art ranges,
engineering test courses for wheeled and tracked vehicles and a wide variety of research.
APG’s facilities include more than 17 million square feet of building space located in
over 2,000 buildings, to include offices, administrative, training facilities, warehouses,
barracks and family housing, and two airfields with more than 567,000 square yards of
airfield pavement.
2. Anniston Army Depot, AL
Established in 1941, the depot repairs and retrofits combat tracked vehicles,
artillery and small arms; receives and stores general supplies, ammunition, missiles, small
arms and strategic materiel. Located in the foothills of the Appalachian Mountains in
northeast Alabama, Anniston Army Depot occupies over 25 square miles of land,
encompassing more than 15,246 acres of woodland and 10 acres of lakes and streams.
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The depot employs approximately 4,370 employees and maintains 2,444 buildings and
structures, 430 miles of roads, and 37 miles of railroads.
More recently, Anniston Army Depot was designated Center of Industrial and
Technical Excellence (CITE) for combat vehicles (tracked and wheeled), artillery (selfpropelled and towed), engineering bridging systems, and small caliber weapons. Major
components of each vehicle are also overhauled and returned to stock.
Additionally, worldwide distribution of stocks and the maintenance and storage of
conventional ammunition and missiles, as well as the storage of seven percent of the
Nation’s chemical munitions stockpile (until the stockpile is demilitarized) are significant
parts of the depot’s overall missions and capabilities. It is also the Department of
Defense’s only missile recycling center.
3. Dugway Proving Ground, UT
Dugway Proving Ground was established 1942 and performs test and evaluation
of defensive chemical and biological materiel, environmental technology testing,
meteorological and atmospheric transport modeling. It employees 1,450 civilian workers
and encompasses 798,218 acres. The facility is located 85 miles southwest of Salt Lake
City.
The proving ground provides chemical, biological, radiological, nuclear, and
explosives (CBRNE) and unmanned aerial system (UAS) testing and training and related
support for the Nation’s defense. As the nation’s Major Range and Test Facility Base for
CBRNE, Dugway Proving Ground facilitates testing, evaluation and training for our
nation and its elite forces and first responders through its workforce, high desert venues
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and facilities. The installation performs chemical and biological defensive testing,
environmental characterization, and remediation technology testing and tests battlefield
smokes and obscurants.
4. Fort AP Hill, VA
Established in 1941, Fort AP Hill is a 76,000-acre regional training center located
near Bowling Green. It is an all-purpose, year-round, military training center where
military units can engage in training ranging from small unit operations to major
maneuvers with combined arms and live-fire exercises. Fort AP Hill provides military
training to both active and reserve troops of the Army, Navy, Marines, and Air Force, as
well as other government agencies. These include the Departments of State and Interior;
U.S. Customs Service; and federal, state and local security and law enforcement agencies.
It features a 27,000-acre live-fire range complex and a 45,000-acre light and heavy
maneuver complex. The installation was named in honor of Lt. Gen. Ambrose Powell
Hill, a Virginia native who distinguished himself as a Confederate commander during the
Civil War.
5. Fort Belvoir, VA
Fort Belvoir was established in 1912 and is the home to more than 50,000
soldiers, sailors, airmen, marines and DoD employees who support the nation’s military
leaders worldwide in intelligence, medical, logistical, administrative, and command and
control functions. It is the largest installation in the U.S. Army Military District of
Washington consisting of approximately 8,656 acres and controls four noncontiguous
properties in Virginia including the Main Post at Mount Vernon, the Mark Center in
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Alexandria, the Belvoir North Area in Springfield and Rivanna Station near
Charlottesville.
6. Fort Benning, GA
Fort Benning was established 1918 and named after Brigadier General Henry L.
Benning of the Confederate States Army. Today, it is the home of approximately 30,638
military and 4,300 civilian personnel. The installation encompasses 181,386 acres and is
located nine miles south of Columbus.
Fort Benning is the Maneuver Center of Excellence, and home of the armor and
infantry schools. All armor and infantry soldiers start their Army journey at Fort
Benning. They are responsible for training and leader development of every infantry and
armor soldier – from private to colonel where they significantly shape and influence the
Army force as every soldier, noncommissioned officer and officer in the armor and
infantry branches will receive initial, mid-level and senior-level Army professional
development training at Fort Benning.
The installation conducts research, development and experimentation to ensure
the future Army Maneuver Force is prepared and equipped to fight and win as a
combined arms team in a complex operating environment. Through doctrine
development, leveraging emerging technology and partnering with industry, the
Maneuver Center is an advocate for the Maneuver Force.
7. Fort Bliss, TX
Fort Bliss was established in 1848 and named after Lieutenant Colonel William
Wallace Smith Bliss. The installation hosts approximately 32,000 military and 6,500
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civilian personnel. It encompasses approximately 1.2 million acres and is located near El
Paso, TX.
Fort Bliss is both one of the Army’s oldest and newest posts. For more than 165
years, American Soldiers have been stationed near El Paso but much of Fort Bliss is
brand new, the result of over six billion dollars of military construction over the past few
years, making Fort Bliss the beneficiary of the largest expansion of any installation since
the Second World War. Fort Bliss now boasts the most modern barracks, housing,
training and quality of life facilities anywhere in the Department of Defense.
8. Fort Bragg, NC
Fort Bragg was established as a field artillery site in 1918; named after MAJ
Braxton Bragg, who later served as a general in the Confederate Army. The installation is
located 10 miles northwest of Fayetteville, 50 miles south of Raleigh.
Today Fort Bragg, "the Home of the Airborne and Special Operations," with
approximately 57,000 military personnel, 11,000 civilian employees and 23,000 family
members is one of the largest military complexes in the world.
9. Fort Campbell, KY
Fort Campbell opened 1942 and was named for BG William B. Campbell, a
Tennessee hero of the Mexican War and governor of Tennessee. It is the home of the
101st Airborne Division (Air Assault) and is located on 105,068-acres in southwestern
Kentucky and north central Tennessee in portions of four counties and two states. It is
adjacent to Clarksville, Tennessee and approximately 50 miles northwest of Nashville,
TN. Although the official address of the U.S. Army's Fort Campbell reads, "Fort
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Campbell, Kentucky," two-thirds of the installation by area is in Tennessee. Fort
Campbell came into existence in 1941 as the United States prepared for war. In need of
additional large training facilities, army planners chose an area northwest of Clarksville
for a new camp.
Fort Campbell’s main goal is to become a World Class Army Home. Its strategic
location on the Tennessee/Kentucky state line allows this military installation to deploy
mission-ready contingency forces by rail, highway, inland waterway, and air.
10. Fort Carson, CO
Fort Carson was established in 1942, following Japan's attack on Pearl Harbor.
Fort Carson is located near Colorado Springs, primarily in El Paso County, CO. It is
located 40 miles north of Pueblo, Colorado in Pueblo County. The 137,000-acre
installation extends south into Pueblo and Fremont counties. This post is recognized as
one of the world's premier locations to lead, train, and maintain while preparing soldiers
to win on the battlefield.
NORAD is one mile west of Ft. Carson. NORAD provides surveillance and
control of the airspace of Canada and the United States, and provides warning and
assessment of air, missile, and space attack.
11. Fort Detrick, MD
Fort Detrick, MD 21702. Established 1943; named for Army flight surgeon MAJ
Frederick Louis Detrick community includes more than 50 tenant organizations
representing five Cabinet-level agencies and all armed services; major areas: medical
research, strategic communications (signal) and defense medical logistics. It is home to

94

approximately 1,900 military and 8,500 civilian employees. It encompasses 1,341 acres
at the main post in Frederick and Forest Glen Annex in Silver Spring..
12. Fort Drum, NY
Fort Drum was established 1907 and renamed for LTG Hugh A. Drum,
commander of the First Army, 1938–1943. It hosts 19,024 military, 4,544 civilians on
107,265 acres. It is located eight miles north of Watertown and 78 miles north of
Syracuse. Its mission includes command of active component units assigned to the
installation, provide administrative and logistical support to tenant units, support to tenant
units, support to active and reserve units from all services in training at Fort Drum, and
planning and support for the mobilization and training of almost 80,000 troops annually.
13. Fort George G Meade, MD
Fort Meade was established in 1917 and named for MG George Gordon Meade,
commander of the Army of the Potomac, 1863–65. It is the home of National Security
Agency; Defense Information Systems Agency; Defense Media Activity; Defense
Information School; Asymmetric Warfare Group; First Army Div. East; 90 other
installation partners. It hosts approximately 11,000 military and 39,000 civilians on 5,067
acres of land. It is located 15 miles northeast of Washington, DC.
14. Fort Greely, AK
Fort Greely is considered a remote tour of duty as it is located 100 miles away
from the nearest town, Fairbanks and 350 miles north of Anchorage. Delta Junction,
known as the end of the Alaska Highway, is the nearest town about 5 miles north of Fort
Greely.
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Because of its location and environment, it has been the site for cold-weather
training and testing of operations and equipment through the past half century. Until the
late 1990's, its primary tenant units included the Cold Regions Test Center and the
Northern Warfare Training Center.
Today, Fort Greely serves as the primary support base for the Ground-based
Midcourse Defense (GMD) initiative. The main component support is the Alaska Air
National Guard whose key mission is security and operation of the Missile Defense Site.
15. Fort Hood, TX
Fort Hood opened in 1942 and is named for Confederate General John Bell Hood.
Fort Hood is one of the Army’s largest installations, and is the home of III Corps, 1st
Cavalry Division, 13th Sustainment Command, First Army Division West, 3rd Armored
Cavalry Regiment, 41st Fires Brigade and many other Forces Command and other units.
The mission of the garrison command is to control the infrastructure that trains,
maintains, sustains, and enables the combat units on post to project control element of the
Garrison Command is Headquarters (Phantom) Command. In is the home of 44,000
military, 4,877 civilians and encompasses 342 square miles. Fort Hood is located
adjacent to Killeen, 60 miles north of Austin and 160 miles south of Dallas/Fort Worth.
16. Fort Huachuca, AZ
Fort Huachuca is home of the U.S. Army Intelligence Center and the U.S. Army
Network Enterprise Technology Command (NETCOM)/9th Army Signal Command. Fort
Huachuca develops and tests Command, Control, Communications, Computers, Combat
Systems, Intelligence, Surveillance, and Reconnaissance capabilities; delivers
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intelligence and Unmanned Aerial System training and education; and designs, develops
and integrates intelligence capabilities, concepts, and doctrine. It encompasses 73,242
acres, is located 75 miles southeast of Tucson, AZ in southeast Arizona, and about 15
miles north of the border with Mexico. The installation opened in 1877 and is the home
of 4,890 military and 3,406 civilians. Libby Army Airfield is located on post and shares
the runway with Sierra Vista Municipal Airport; it is on the list of alternate landing
locations for the space shuttle, though it has never been used as such. Fort Huachuca is
also the headquarters of Army Military Affiliate Radio System (MARS) and the Joint
Interoperability Test Command (JITC) and the Electronic Proving Ground (EPG).
17. Fort Irwin, CA
Fort Irwin and the National Training Center is a major training area for the US
military and is located in the Mojave Desert in northern San Bernardino County. With
over 1,000 square miles for maneuver and ranges, an uncluttered electromagnetic
spectrum, airspace restricted to military use, and its isolation from densely populated
areas, Fort Irwin was an ideal site for this facility. It is home to 4,997 military, 5,637
civilians, and 6,288 rotational soldiers. It encompasses 768,000 acres and is located 37
miles northeast of Barstow.
18. Fort Jackson, SC
Fort Jackson was established 1917 and named for President Andrew Jackson. The
installation conducts basic combat training and combat support advanced individual
training. Providing the Army with new soldiers is the post's primary mission, Fort
Jackson is the largest and most active Initial Entry Training Center in the Army, training
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50 percent of all soldiers and 70 percent of the women entering the Army each year.
Accomplishing this mission means training in excess of 45,000 basic training and
advanced individual training soldiers annually. It encompasses more than 52,000 acres of
land, including over 100 ranges and field training sites and 1160 buildings. Located in the
heart of the midlands region of South Carolina, Fort Jackson was incorporated into the
city of Columbia. Soldiers, civilians, retirees and family members make up the Fort
Jackson community that continues to grow in numbers and facilities. Thirty-six hundred
active duty soldiers and their 10,000 family members are assigned to the installation and
make this area their home. Fort Jackson employs almost 4,400 civilians and provides
services for more than 115,000 retirees and their family members.
19. Fort Knox, KY
Fort Knox is located south of Louisville and north of Elizabethtown. It
encompasses 109,000 acres over three counties. For 60 years, Fort Knox was the home of
the U.S. Army Armor Center and the U.S. Army Armor School (now relocated to Fort
Benning), and was used by both the Army and the Marine Corps to train crews. The
history of the U.S. Army's Cavalry and Armored forces, and of General George S.
Patton's career, can be found at the General George Patton Museum on the grounds of
Fort Knox. It currently holds the Army human resources Center of Excellence to include
the Army Human Resources Command, United States Army Cadet Command and the
United States Army Accessions Command. The United States Department of the
Treasury has maintained the Bullion Depository on the post since 1937. It has a total area
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of 20.94 square miles with 12,377 people, 2,748 households, and 2,596 families residing
on base.
20. Fort Leavenworth, KS
Fort Leavenworth is located in Leavenworth County, Kansas, immediately north
of the city of Leavenworth in the upper northeast portion of the state. It is the oldest
active Army post west of Washington, DC having been in operation for over 180 years.
Fort Leavenworth has been historically known as the "Intellectual Center of the Army". It
was established 1827 and named for COL Henry Leavenworth. Today, the garrison is the
home of the U.S. Army Combined Arms Center (CAC). CAC's mission involves leader
development, collective training, Army doctrine and battle command (current and future).
Fort Leavenworth is home to the Military Corrections Complex, consisting of the United
States Disciplinary Barracks, the Department of Defense's only maximum security
prison, and the Midwest Joint Regional Correctional Facility. In addition, the Fort
Leavenworth Garrison supports numerous tenant organizations that directly and
indirectly relate to the functions of the CAC, including the United States Army Command
and General Staff College and the Foreign Military Studies Office. The fort occupies
5,600 acres, over 1000 buildings and 1,500 quarters.
21. Fort Lee, VA
Fort Lee, located in Prince George County, is the headquarters of the U.S. Army
Combined Arms Support Command (CASCOM)/ Sustainment Center of Excellence
(SCoE), the U.S. Army Quartermaster School, the U.S. Army Ordnance School, The U.S.
Army Transportation School, the Army Logistics University (ALU), Defense Contract
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Management Agency (DCMA), and the U.S. Defense Commissary Agency (DeCA). Fort
Lee also hosts two Army museums, the U.S. Army Quartermaster Museum and the U.S.
Army Women's Museum. The fort is named for Confederate General Robert E. Lee.
Opened in 1917 as Camp Lee, it is the home of 4,250 military, 5,345 civilians, 2,150
contractors, and 10,389 military trainees. It encompasses 5,907 acres and is located three
miles east of Petersburg.
22. Fort Leonard Wood, MO
Fort Leonard Wood is located in the Missouri Ozarks. The post was created in
1940 and named in honor of General Leonard Wood (former Chief of Staff). Originally
intended to train infantry troops, in 1941 it became an engineer training post with the
creation of the Engineer Replacement Training Center. In 1984, as part of the Base
Realignment and Closure process, most of the U.S. Army Engineer School's operations
were consolidated at Fort Leonard Wood. Before that, officer training was conducted at
Fort Belvoir Virginia. It is home to approximately 7,000 active duty military and 9,000
civilians. I encompasses 61,400 acres and is located 88 miles northeast of Springfield,
135 miles southwest of St. Louis.
23. Fort Lewis, WA
Fort Lewis was established 1917 and is named for Captain Meriwether Lewis of
the Lewis and Clark Expedition). It is a training and mobilization center for all services
and is the only Army power-projection base west of the Rocky Mountains. Its geographic
location provides rapid access to the deep water ports of Tacoma, Olympia and Seattle
for deploying equipment. Units can be deployed from McChord Field, and individuals
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and small groups can also use nearby Sea-Tac Airport. It is home of the of the I Corps
headquarters including 41,975 military and approximately 15,000 civilian employees. It
encompass more than 90,000 acres and is located 10 miles southeast of Tacoma.
24. Fort Polk, LA
Fort Polk was established 1941 and named for Confederate General Leonidas
Polk. It is located in west-central Louisiana and is the home of the premier joint training
facility - Joint Readiness Training Center is focused on improving unit readiness by
providing highly realistic, stressful, joint and combined arms training. Its mission is to
provide installation support for power projection, combat readiness and mission
execution for all tenant units as well as JRTC rotational units. It is the home of 10,000
military, 1,962 civilians and 4,511 contractors. It encompasses 198,555 acres and is
located two miles south of Leesville.
25. Fort Riley, KS
Fort Riley Fort Riley is located in northeastern Kansas, one hour west of Topeka,
the state capitol. It was established 1853 and is named in honor of Major General Bennett
C. Riley who led the first military escort along the Santa Fe Trail. Fort Riley is home to
1st Brigade, 1st Infantry Division (Mechanized); 3d Brigade, 1st Armor Division; and
937th Engineer Group (Combat). It is the home of 19,500 military and 7,500 civilians. It
encompasses 100,656 acres.
26. Fort Rucker, AL
Fort Rucker was established in 1942 and was named for the Civil War officer,
Confederate General Edmund Rucker. The post is the primary flight training base for
Army Aviation and is home to the United States Army Aviation Center of Excellence
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(USAACE) and the United States Army Aviation Museum. The Warrant Officer
Candidate School and Warrant Officer Career College are both located at Fort Rucker. It
is the home of 5,584 military and 7,496 civilians. It encompasses 63,072 acres and is
located 75 miles south of Montgomery and small sections of the post lie in Coffee,
Geneva, and Houston counties.
27. Fort Sill
Fort Sill was established 1869 and named for BG Joshua W. Sill, Union
commander. The site of Fort Sill was staked out in 1869, by Maj. Gen. Philip H.
Sheridan, who led a campaign into Indian Territory to stop hostile tribes from raiding
border settlements in Texas and Kansas. It remains the only active Army installation of
all the forts on the Southern Plains built during the Indian Wars. It currently serves as
home of the United States Army Field Artillery School as well as the Marine Corps' site
for Field Artillery School. It is the home of 9,342 military and 2,832 civilians,
encompasses 94,000 acres and is adjacent to Lawton.
28. Fort Stewart, GA
Fort Stewart was established 1940 and named for BG Daniel Stewart a
Revolutionary War militia officer. It is the largest Army installation east of the
Mississippi River and home of 3rd Infantry Division. Its mission is to ensure soldiers are
prepared to deploy and the installation is able to provide an efficient deployment and
training platform for soldiers and equipment. As a training base and power projection
platform, it is responsible for training, equipping, deploying and redeploying active Army
units and Army National Guard and Army Reserve units. It is the home to approximately
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20,000 military and 3,500 civilians. It encompasses 279,000 acres and is located at
Hinesville, 40 miles southwest of Savannah.
29. Fort Wainwright, AK
Fort Wainwright was established 1961 and named for General Jonathan M.
Wainwright, hero of Bataan in World War 2. It is located adjacent to Fairbanks in the
interior of Alaska and 365 miles north of Anchorage, Alaska. Fort Wainwright's mission
is to deploy combat ready forces to support joint military operations worldwide and serve
as the Joint Force Land Component Command to support Joint Task Force Alaska. It is
the home of 7,358 soldiers and 1,425 civilian employees and encompasses 1,599,738
acres.
30. Letterkenny Army Depot, PA
Letterkenny Army Depot opened in 1942 and is named after Letterkenny
Township, which the depot absorbed. It is the Center of Industrial and Technical
Excellence (CITE) for Air Defense and Tactical Missile Systems. The depot is under the
command structure of the U.S. Army Aviation and Missile Command (AMCOM). The
facilities at Letterkenny are used to conduct maintenance, modification, storage, and
demilitarization operations on tactical missiles and ammunition. It is also responsible for
the overhaul of tactical wheeled vehicles (HMMWVs), material handling equipment (7.5ton cranes), and Mobile Kitchen Trailers. In 2007 during the Iraq conflict Letterkenny
began building new Mine Resistant Ambush Protected (MRAP) armored vehicles in
partnership with BAE Systems and in 2010 was designated the Joint Depot Source of
Repair (JDSOR) for Route Clearance Vehicles for the Department of Defense.
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Letterkenny is comprised of over 2,800 Army civilians, contractors and military
personnel and encompasses 18,668 acres. It is located five miles north of Chambersburg,
50 miles southwest of Harrisburg.
31. Redstone Arsenal, AL
Redstone Arsenal is the center of testing, development, and doctrine for the
Army's missile programs. The original arsenal combined two adjoining arsenals into one
post in 1941 to make conventional ammunition and toxic chemicals during World War II.
Today, Redstone Arsenal houses the U.S. Army Materiel Command, the U.S. Army
Aviation and Missile Life Cycle Management Command, the Tactical UAV Project
Office, Redstone Test Center (RTC), the Missile Defense Agency, the Missile and Space
Intelligence Center, and other operations. The installation also hosts the Marshall Space
Flight Center, NASA's field center for propulsion analysis and development. It is the
home of over 1000 soldiers, 19,500 civilian employees and over 15,000 government
contractors. It encompasses 38,125 acres and is located adjacent to Huntsville.
32. Rock Island Arsenal, IL
Rock Island Arsenal was established 1862; home to Headquarters, Army
Sustainment Command. Located on an island in the upper Mississippi River, Rock Island
Arsenal is the largest government-owned weapons manufacturer arsenal in the western
world. It provides manufacturing, logistics, and base support services for the Armed
Forces. It is the only active U.S. Army foundry, and manufactures ordnance and
equipment, including artillery, gun mounts, recoil mechanisms, small arms, aircraft
weapons sub-systems, grenade launchers, weapons simulators, and a host of associated
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components. It is the home of 2,330 military and 4,674 civilian employees. The arsenal
encompasses a 946-acre island in the Mississippi River between Rock Island, IL and
Davenport, Iowa.
33. Sierra Army Depot, CA
Sierra Army Depot is an ammunition storage facility located near the community
of Herlong. Established in 1942, the depot was used for ammunition and equipment
storage and maintenance. After World War 2, it was used for ammunition storage as part
of the Defense Logistics Agency, and was used to store unarmed nuclear weapons. Sierra
Depot was designated as the Army's Center of Technical Excellence for Operational
Project Stocks, and is part of the Army's Tank-Automotive Armaments Command
(TACOM). Sierra Army Depot also provides a wide variety of long-term life-cycle
sustainment solutions for the joint services, including equipment receipt, asset visibility;
long-term care, storage and sustainment; repairing and resetting Army fuel and water
systems. The depot employees 1,500 civilian employees and contractors. It encompasses
36,000 acres and is located 55 miles northwest of Reno, NV
34. Tobyhanna Army Depot, PA
Tobyhanna Army Depot was established 1953 and is the Defense Department’s
largest facility for the repair, modification, test, design, fabrication and integration of
command, control, communications, computers, intelligence, surveillance and
reconnaissance (C4ISR) systems, missile guidance and control, and other specialized
systems. It is the home of approximately 25 military, 3,569 civilian employees and 496
contractors. It encompasses 1,300 acres and located 20 miles southeast of Scranton.

105

35. USAG Hawaii, Schofield Barracks, HI
Schofield Barracks is located in the City and County of Honolulu on the island of
Oʻahu. The installation was established 1909 and named for General John McAllister
Schofield, commander in chief of the Army, 1888–1895, whose recommendations led to
the first U.S. military presence in the islands. Schofield Barracks has an area of 17,725
acres. It has been the home of the 25th Infantry Division, known as the Tropic Lightning
Division, since 1941 as well as the Command Headquarters for United States Army
Hawaii (USARHAW). Schofield Barracks is also home to the 8th Theater Sustainment
Command. It is the home of 18,864 military and 6,153 civilian employees. It
encompasses 55,625 acres and is located 17 miles northwest of Honolulu.
36. West Point, NY
West Point is the oldest continuously garrisoned military installation in the United
States as it was first garrisoned by the Continental Army in January 1778. It is home of
the U.S. Military Academy since 1802 and the Center for the Army Profession and Ethics
since 2008. West Point is home of more than 5,500 military, including 4,400 members of
the U.S. Corps of Cadets and approximately 2,800 civilian employees. It encompasses
approximately 16,000 acres on the Hudson River and is 55 miles north of New York
City.
37. White Sands Missile Range, NM
White Sands Missile Range was established 1945 and is the largest military
installation in the United States with an area of almost 3,200 square miles. It is a multiservice test range whose main function is the support of missile development and test
programs for the Army, Navy, Air Force, National Aeronautics and Space Administration
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(NASA), other government agencies and private industry. The missile range is located 27
miles east of Las Cruces, 55 miles west of Alamogordo and 35 miles north of El Paso
TX. It is home to 868 military, 2,004 civilian employees and 2,363 contractors.
38. Yuma Proving Ground
Yuma Proving Ground, AZ, was established 1943. It is one of the largest military
installations in the world situated in southwestern La Paz County and western Yuma
County in southwestern Arizona. It encompasses 1,308 square miles in the northwestern
Sonoran Desert and is located approximately 30 miles north-east of the city of Yuma.
Yuma Proving Ground is a desert environmental test center for all types of military
equipment and materiel. The proving ground conducts tests on nearly every weapon
system in the ground combat arsenal. Munitions and artillery systems are tested there in
an area almost completely removed from urban encroachment and noise concerns. It is
the home to 150 military, 2,400 civilian employees.
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Quantitative Analysis
Phase I -- Dependent Variables
Sustainability Indicators
The sustainability indicators are the dependent variables. Phase I was a
quantitative analysis where indicators were used to measure installation progress toward
reaching the sustainability goals as addressed in the Installation Sustainability Plans or
similar strategic plans. Performance indicators specify the measurable evidence necessary
to prove that a planned effort has achieved a desired result. A performance indicator is
something that points to an issue or condition. Its purpose is to show how well a system is
working. Performance indicators were used as 'sustainability indicators' in this research.
There are certain characteristics that effective indicators have in common (Kaufman,
1988):
•

Effective indicators are relevant; they show you something about the system that you
need to know.

•

Effective indicators are easy to understand, even by people who are not experts.

•

Effective indicators are reliable; you can trust the information that the indicator is
providing.

•

Effective indicators are based on accessible data; the information is available or can
be gathered while there is still time to act.

•

Effective indicators should be measured on an interval or ratio scale in order to best
assure their accuracy and reliability. Interval meaning equal scale with arbitrary zeropoint and ratio meaning equal distance with known zero-point.
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In regards to the last characteristic, it is important to normalize the data collected
from the case studies. As previously mention, installations vary in size in both acreage
and population. They can be as small as Fort Detrick, MD (1,228 acres/8,160 personnel
and as large as Fort Carson, CO (135,312 acres/30,806 personnel). In addition,
installations operational tempo will vary depending on their respective mission.
Operational tempo, in military parlance, is a measure of the pace of a military operation
in terms of (1) equipment usage (e.g. aircraft "flying hours," ship "steaming days" or
"tank [driving] miles" and (2) personnel usage (e.g. hours of military training, number of
working shifts or employee overtime).
Therefore, it is important that sustainability indicators used in this research be
normalized. This is accomplished by using a ratio that represents a specific sustainability
domain (energy, water, waste) and then relates that domain to a common point of
reference (per person, per square foot, miles driven, etc.). When properly defined, each
sustainability indicator measures sustainability across installations and is independent of
installation size or operational tempo.
According to the literature review, and as discussed in the previous section, the
common goals of the installation case studies were the reduction of water use, energy
consumption and waste disposal. Therefore, the sustainability indicators are water, waste
and energy and are normalized as follows.
•

Water - Total gallons of water consumed per person
o Gallons per person

•

Waste - total amount of waste disposed of per person
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o Weight of solid waste per person
o Weight of hazardous waste per square feet of facility
•

Energy - fossil fuel energy (BTU) consumed:
o Facility buildings: BTUs per square foot
o Fleet vehicles: BTUs per miles driven

Data Sources
The process of refining the recommended sustainability indicators began with
exploring the data that supports them. The goal of that exploration was to find data that
matches as closely as possible to the performance indicator, and whenever possible, was
collected by the Army itself. For purposes of trending the various indicators, it is
important that these data sources also have a long life expectancy.
When considering sources of data that would support indicators, it was important
to remember the data’s original purpose is to measure something other than
sustainability. The goal was to find the closest fit possible between the desired
characteristics of the performance indicators and the available data. The following
sections describe information sources for each of the water, waste and energy indicators.
Water
Data for the water indicator was obtained from the Army's Energy and Water
Reporting System (AEWRS) and the Army Stationing and Installation Plan database
(ASIP). The AEWRS tracks water consumption at Army installations. The AEWRS is an
automated energy management system that collects utility cost and consumption,
electricity, heating fuels and water data for Army installations to fulfill the
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Congressional, Department of Defense and Army reporting requirements. It also provides
management and analysis data to installations, Command and HQDA managers.
AEWRS has a ‘Reports’ option and the water consumption is generated in the
Annual Report query. The report provides water consumption data for each quarter and
also a summation for the entire fiscal year. Data is available from fiscal year 2007 to
2014. The report includes the following categories of information: Fiscal Year, Quarter,
Potable Water Million Gallons (MGAL), Alternate Non-potable Water (MGAL, Total
(MGAL), Potable Water Costs ($), Alternate Non-potable Water Costs ($), and Total
Cost ($). For this research, only the Total MGAL amount was used.
The second database used for the water indicator is the Army Stationing and
Installation Plan (ASIP) database which tracks the total population of all who work
and/or live on the installation. This is the official Army database tracking populations on
Army installations worldwide. It pulls its information from numerous official Army data
sources. The ASIP is a baseline for installation planning that provides a consistent look at
forces to be supported and provides visibility of potential planning issues. It is also a
basis for Military Construction, Installation Status Report data collection, Base
Operations Service requirements, and is used by the Army Staff as the database of record
for installation demographics. The proponent for the ASIP is the Assistant Chief of Staff
for Installation Management (ACSIM). The ASIP population data was used as the
denominator to obtain a “per person” measure.
The water indicator will be a ratio of those two inputs: (1) Total Water Consumed
and (2) Population of the installation.
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Waste
Waste includes what the regulatory community considers hazardous and
nonhazardous (solid) waste. Data for the waste indicator was obtained from the Army
Environmental Database Environmental Quality (AEDB-EQ) and the Army Solid Waste
Annual Reporting System (SWAR). Population data was collected from the Army
Stationing and Installation Plan (ASIP) database.
Hazardous waste data was obtained from AEDB-EQ which is a web-based data
collection application designed to provide an automated environmental reporting process
to collect measures of merit data for service headquarters, regions, Army commands and
installations. Data is collected for compliance, conservation, pollution prevention, pest
management and waste.
For nonhazardous waste, data was obtained from the SWAR system. The
SWARWeb system is a data management system designed to facilitate tracking and
reporting of solid waste and recycling data at military facilities. Army installations are
required to report their nonhazardous solid waste generation and cost information using
this system. Non-hazardous waste disposal by weight was extracted from the
Comprehensive Report that SWARWeb provides. The report is based on an installation’s
data input for solid waste disposal and diversion. Section 8 of the report summarizes
solid waste management information. Population data was collected from the ASIP
database.
Energy
Energy consumption reporting is often limited to the energy consumed in
facilities infrastructure and is normally reported as “per square foot”. In fact, the Federal
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Building Sector measures energy consumption on a per square foot basis. However, this
measure does not represent total fossil fuel use that includes fossil fuel consumptions by
the civilian fleet vehicles. An adequate indicator must include both facilities and fleet
fossil fuel use.
Energy consumption on an installation is broken down into electrical energy
usage, fossil fuel combustion for utility purposes (e.g., distributed and central
heating/cooling) and fossil fuel combustion for federal civilian mobile sources. There are
numerous databases that contain the information required to measure energy as the
performance indicator. All energy consumption data was converted to British Thermal
Units (BTU).
In addition to collecting water data, AEWRS contains information about both
electrical energy consumption and fuel usage for utility purposes. The AEWRS is an
automated energy management system that collects utility cost and consumption,
electricity, heating fuels and water data for Army installations to fulfill the
Congressional, Department of Defense and Army reporting requirements.
AEWRS annual reports contains the energy (electrical and fuel for utilities) for
each installation. The Annual Year End Report provides data for each installation from
fiscal year 2003 to 2012. The report provides the following data in tabular form where the
Consumption and BBTUs columns are populated with the installation’s data:

Table 6: AEWRS Energy Consumption and Cost Data

Energy Type:

Consumption
Units
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Consumption BBTUs

Energy Type:
Electricity
Fuel Oil
Natural Gas
LPG/Propane
Coal
Purchased
Steam
Other

Consumption
Units
MWH
Thousand Gallons
Thousand Cubic
Feet
Thousand Gallons
Short Ton
BBTUs

Consumption BBTUs

BBTUs

AEWRS automatically calculates each energy type and consumption unit into
Billion BTUs (BBTUs).
Federal agencies annually report motor vehicle fleet data using the Federal
Automotive Statistical Tool (FAST), a web-based reporting tool cosponsored by the
General Services Administration and the Department of Energy. The motor vehicle fleet
consists of standard sedans, SUVs and light trucks used in day to day activities to support
the installation. FAST tracks motor vehicle fleet inventory, acquisition and disposal
expenses, vehicle cost, miles driven, and fuel consumption and use data from annual
submissions, and the resulting data tables are available in these datasets.
AEWRS also provides square footage data with its Annual Building Area Report.
From AEWRS an installation and the fiscal year are selected and the Annual Building
Area Report is generated in PDF or Excel formats. Each installation and pertinent fiscal
year were selected to determine the annual square footage for the subject installation.
The following table summarizes the performance indicators and the data sources.
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Table 7: Summary of Performance Indicators, Data Sources and Units of Measure

Performance
Indicator

Data Sources

Units of Measure

Water

•

Army's Energy and Water Reporting
System (AEWRS)
Army Stationing and Installation
Plan (ASIP)

Gallons Consumed
per Person

Army Environmental Database
Environmental Quality (AEDB-EQ)
Army Solid Waste Annual
Reporting (SWAR)
Army Stationing and Installation
Plan (ASIP)

1) Pounds of
Hazardous Waste
per Square Foot

Army Energy and Water Reporting
System (AEWRS)
GSA Federal Automotive Statistical
Tool (FAST)
Army Stationing and Installation
Plan (ASIP)

1) BTU Consumed
per Square Foot per
Person

•

Waste

•
•
•

Energy

•
•
•

2) Pounds of Solid
Waste Per Person

2) BTU Consumed
per Vehicle per Mile

Approach
Once the water, waste and energy data were collected for each installation, a trend
analysis was performed to determine if the installations are progressing in achieving their
sustainability goals. Percentage change calculations were used for the trend analysis as a
way to express a change in a variable and represents the relative change between the old
value and the new one.
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In quantitative science, the term relative change is used to compare two quantities
while taking into account the "sizes" of the things being compared. The comparison is
expressed as a ratio and is a unit-less number. By multiplying these ratios by 100 they
can be expressed as percentages, thus the term percentage change. In an equation, if V1
represents the old value and V2 the new value, then:
Percentage Change =

V

=

V1

V2 − V1
V1

X 100

If an installation is progressing in meeting a sustainability goal, the Percentage
Change will be a negative value. Conversely, if an installation is not progressing in
meeting a sustainability goal, the value will be positive.
For example, if Installation X has reduced its water consumption from 100 M
gallons a year to 90 M gallons a year, there will be a 10% percent reduction during that
timeframe.
Percentage Change =

V
V1

=

90 M gal − 100 M gal
100 M gal

Percentage Change = -10%

X 100

As another example, if Installation Y's water consumption went from 150 M
gallons per year to 180 M gallons per year, there would be a 20% increase in water
consumption.
Percentage Change =

V
V1

=

180 M gal − 150 M gal
150 M gal

Percentage Change = 20%

X 100

Therefore, Installation X is progressing in achieving its sustainability goal
for water, while Installation Y is not progressing in meeting its goals.
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Phase II -- Independent Variables
Organizational and Environmental Characteristics
The organizational and environmental characteristics are the independent
variables. Thirty-five independent variables are broken down into seven categories: (1)
the characteristics of the installation where the independent variables are organizational
structure, policy, budget, mission, size, and infrastructure; (2) Hydrology where the
independent variables are level of development, groundwater depletion, and water quality
of the watershed; (3) Climate where the independent variables are annual heating and
cooling degree days, winter and summer monthly average temperature, and precipitation;
(4) Energy with the independent variables being electrical grid congestion, electrical grid
reserve capacity, deregulation and net metering; (5) Political Environment; (6)
Encroachment where the independent variables are regional population density, increased
regional growth rate, regional population growth, regional land urbanization, smart
growth plans, joint land use studies and proximity to metropolitan statistical areas; and
(6) Installation Sustainability Plan or similar strategic plan where the independent
variables are presence of a plan, length of plan and aggressiveness of goals. The list of
categories and independent variables are summarized on Table 8.

Table 8: List of Categories and Independent Variables

I

Categories
Installation

1
2
3
4
5
6

Independent Variables
Organizational Structure
Policy Statement
Operating Budget
Mission
Size
Infrastructure
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II

Categories
Hydrology

III

Climate

7
8
9
10
11
12
13
14

IV

Energy

V
VI

Political Environment
Encroachment

VII

Installation Sustainability Plan

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Independent Variables
Level of Development
Ground Water Depletion
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Temperature
Winter Average Monthly
Temperature
Summer Average Monthly
Temperature
Electrical Grid Congestion
Electrical Grid Reserve Capacity
Electrical Price Structure
Net Metering
State Green Score
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Study
Proximity to MSA
Presence of Plan
Length of Plan
Aggressiveness of Goals/targets

Phase II is a quantitative analysis where these organizational and environmental
characteristics are used to represent the inputs or causes, or are tested to see if they are
the cause.
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Data Sources
Organizational Structure
Installation staff who are responsible for managing the sustainability program can
theoretically be located in any echelon within the organization. For example, they could
be located in the environmental office, the Public Works Directorate or in a strategic
planning office. Installations that have their sustainability staff report directly to the
Command Group may be more successful at executing the sustainability initiatives and
reaching their sustainability goals since there would be greater visibility with the
commander and their staff. This indicator determines if the sustainability staff reports
directly to the Command Group.
0 = No

Sustainability lead does not report directly to the Command Group

1 = Yes

Sustainability lead reports directly to the Command Group

Policy
Leadership support is important for the success of an installation's sustainability
efforts. It is common practice for installation commanders to issue command policies
emphasizing the significance of an initiative that is important to the commander. The
document could be in the form of an official policy statement, an installation regulation
or a memorandum signed by the commander. This indicator determines if an installation
does have a command policy.
0 = No

Command policy does not exist

1= Yes

Command policy exists
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Operating Budget
Army Base Operations (BASOPS) is a standard process the Army utilizes for
determining Mission/Base Operations of military construction projects that support
sustainability initiatives. This indicator takes into consideration the size of the BASOPS
operating budget in fiscal year dollars. The indicator was normalized by the population
size of the installation.
Mission
Each Army installation has a unique mission supporting the Army's overall
mission. For the purpose of this research, the installation's missions are broken down into
four general categories: (1) Materiel, (2) Training, (3) Forces and (4) Research,
Development, Testing & Evaluation.
Materiel are the equipment and supplies required to maintain and sustain the
Army. Installations that support the materiel mission are responsible for the storage and
maintenance of weapons systems, parts storage and distribution, maintaining the Army’s
prepositioned stocks of materiel, and the storage of the military's chemical weapons
stockpile and conventional ammunition.
Installations supporting the training mission are responsible for executing the
Army's training doctrine. These installations recruit, develop, educate and train soldiers,
civilians, and leaders; supports unit training; and develops doctrine, establishes standards,
and builds the future Army.
The forces mission is to prepare the Army's conventional forces to provide a
sustained flow of trained and ready land power to combatant commanders in defense of
the nation at home and abroad. These installations are responsible for unit mobilization,
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deployment, redeployment and demobilization. They also are responsible to sustain,
transform and reconstitute assigned conventional forces, providing relevant and ready
land power to combatant commanders.
The research, development, testing & evaluation mission includes the
demonstration/validation and technology transfer of materiel, equipment, and weapons
systems at Army proving grounds, laboratories, and related facilities.
The mission indicators are categorized as follows with dummy variables used as
the indicator variables.
0 = No, 1 = Yes

Materiel mission

0 = No, 1 = Yes

Training mission

0 = No, 1 = Yes

Forces mission

0 = No, 1 = Yes

Research, development, testing & evaluation mission

.

Size
The size of an installation is based on acreage and installation population. Size
indicators will be calculated by the number of acres divided by total population of the
installation including soldiers, their families and civilian employees.
The data source for acreage is the USACE Real Estate Management Information
System (REMIS) and installation population data source is the Army Stationing and
Installation Plan (ASIP).
Built Area
The built area of an installation is based on square footage of its buildings and the
acreage of land. Built area will be calculated by the number of square footage divided by
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acres. The data source for acreage is the USACE Real Estate Management Information
System (REMIS); square footage data source is the Army Energy and water Reporting
System (AEWRS).
Infrastructure
Installation infrastructure was measured using the Army's Installation Status
Report (ISR). ISR documents and displays the condition of Army facilities by comparing
how the infrastructure (1) supports the mission, (2) the quantity of facilities available to
the base requirement for each facility type, and (3) the quality of base facilities to
established Army standards. In general, these color ratings indicate:
Green - A condition that meets or exceeds the Army standards
Amber - A condition that is somewhat less than the Army standard
Red - A condition that is well below the standard

The indicators for mission, quantity and quality were measured as follows with
the final indicator being the average of all three (i.e. mission, quantity and quality):
+1 = ISR Green Rating
0 = ISR Amber Rating
-1 = ISR Red Rating

Meets or exceeds the Army standards
Somewhat less than the Army standards
Well below the Army standards

Location
Location can be influenced by environmental factors such as climate, hydrology,
energy, political environment, and encroachment. Each of these environmental factors
can prove to be beneficial or cause challenges for an installation. Location can also be
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influenced by human induced factors such as political regulatory control and
encroachment.
Climate
Two of the independent variables under the Climate category are Winter and
Summer Average Monthly Temperatures. The temperatures are based on data collected
by weather stations throughout each state during the years 1971 to 2000 and made
available by the NOAA National Climatic Data Center.
Winter Average Monthly Temperature
The NOAA data provides state-wide average temperatures for each of the winter
months of December, January and February, plus an average for the entire winter season.
Average winter temperatures range from a high of 67.4 degrees Fahrenheit (19.7
degrees Celsius) in USAG-HI to a low of 2.6° F in Fort Wainwright, AK. For the entire
US, excluding HI and AK, the season averages just above freezing at 33.2° F.
Summer Average Monthly Temperature
The NOAA data also provides state-wide temperatures for each of the summer
months of June, July and August, plus an average for the entire summer season.
Average summer temperatures range from a high of 81.1° F at Fort Hood, TX, to
a low of 52.3° F in Fort Wainwright, AK. For the entire US, excluding HI and AK, the
season averages 71.9° F.
Heating and Cooling Degree Days
Two additional independent variables under the Climate category are heating and
cooling degree days as defined by the National Oceanic and Atmospheric Administration
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(NOAA) which are based on 30-year average heating degree-days (HDD) and cooling
degree-days (CDD) for the period 1971 through 2000. A HDD is a measure of how cold
a location was over a period of time, relative to a base temperature (65° F). Similarly, a
CDD is a measure of how hot a location was over a period of time, relative to a base
temperature (65° F).
Precipitation
The final independent variable for the Climate category is precipitation.
Precipitation was based on the National Oceanic and Atmospheric Administration
(NOAA) National Climatic Data Center's Annual Mean Total Precipitation for the US.
Annual Mean Total Precipitation was determined for each installation in units of inches.
The next categories are Hydrology, Energy and Encroachment. The source of data
for these independent variables came from the Army's Sustainable Installations Regional
Resource Assessment (SIRRA) database. The SIRRA methodology is a process of
characterizing the region surrounding an Army installation based on a set of ten themes:
air quality, airspace, energy, urban development, threatened and endangered species,
location, water, economy, quality of life, and transportation. The SIRRA methodology
provides resource assessment ratings for fifty-six individual regional indicators. SIRRA
relies on existing national data sets primarily from federal or other national organizations
that manage or collect the data. Statistical analyses were completed for each indicator,
where required, to assign sustainability thresholds and ratings. The data was then mapped
into GIS coverages for individual indicators coded by sustainability vulnerability (e.g.
very low vulnerability, low vulnerability, moderate vulnerability, vulnerable, and high
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vulnerability). Military installations are placed geographically in a location and the GIS
data is applied to evaluate regional aspects of the installation setting. These ratings are
related to data from the counties and watersheds that installations lie within, and not the
installations themselves.
Hydrology
Independent variables for hydrology are: level of development, groundwater
depletion, and water quality of the watershed
Level of Development
This independent variable measures the ratio of current water withdrawal to mean
annual unregulated streamflow. Watersheds with low water availability and high demand
are vulnerable, i.e., in areas of development intensive use of off-stream water generally
occurs resulting in decreased water availability. With a reduction in streamflow, either
via seasonal or dramatic climatic change, an increase in both in-stream and off-stream
uses will occur, especially in areas of high development and high irrigation. SIRRI
reports the data in percent level of development.
Low Vulnerability

(1)

Low Level of Development (< 20 percent)

Moderate Vulnerability

(2)

Average Level of Development (20 to 85

(3)

High Level of Development (>85 percent)

percent)
High vulnerability

Instead of using the three categories of percent development as reported by
SIRRI, the data was converted using the median point of range for each of the three
levels.
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Median point of range:
Low Level of Development: 0-20% = 10
Average Level of Development: 20-80% = 50
High Level of Development: 80-100% = 90
Groundwater Depletion
This independent variable shows the level of groundwater withdrawal within
watersheds of the United States. Groundwater depletion characterizes the extent to which
rates of groundwater withdrawals exceed long-run average recharge rates, resulting in an
overdraft of groundwater. Average groundwater withdrawals in excess of natural
baseflows indicate an unsustainable rate of groundwater use. Excessive groundwater
withdrawals suggest that increased groundwater use may not be a viable adaptation to
changes in surface water supply or increases in water demand.
Low Vulnerability

(1)

Low Ground Water Depletion (<8 percent)

Moderate Vulnerability

(2)

Average Ground Water Depletion (8 to 25

(3)

High Ground Water Depletion (>25 percent)

percent)
High vulnerability

As with Level of Development, instead of using the three categories of percent
depletion as reported by SIRRI, the data was converted using the median point of range
for each of the three levels.
Median point of range:
Low Ground Water Depletion: <8% = 3.5
Average Ground Water Depletion: 8 to 25% = 8.5
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High Ground Water Depletion: >25% = 50
Water (Shed) Quality
This indicator involves an assessment of condition, vulnerability, and data
sufficiency of aquatic systems in the watersheds of the United States. All variables taken
into consideration are strong indicators of pressures in the future on water quality and
vulnerability, leading to greater demands and risks to water supplies. Dummy variables
were used to indicate whether the condition of the watershed was scored as Unacceptable
or Acceptable Water Quality
0 = Unacceptable
1 = Acceptable
Energy
The independent variables for Energy are: Electrical Grid Congestion, Electrical
Grid Reserve Capacity, Electrical Price Structure (Deregulation) and Net Metering.
SIRRA was the data source for these indicators.
Electrical Grid Congestion
Portions of the transmission systems throughout the country are reaching their
limits as customer demand increases and the systems are subjected to new loading
patterns resulting from increased power transfers caused by market conditions and
weather patterns. Operating procedures, market-based congestion management
procedures, and transmission loading relief procedures (TLRs) are used to control the
flow on the system within operating reliability limits. The current operating paradigm for
Army installations is to obtain their electrical power from the grid.
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For example, the North American Electric Reliability Corporation (NERC) is a
not-for-profit entity whose mission is to ensure the reliability of the bulk-power system in
North America. NERC develops and enforces reliability standards; annually assesses
seasonal and long-term reliability; monitors the bulk-power system through system
awareness. As the electric reliability organization, NERC is subject to oversight by the
Federal Energy Regulatory Commission. The NERC TLR procedure is a process that
allows reliability coordinators to mitigate potential or actual operating security limit
violations while respecting transmission service reservation priorities.
Therefore, grid congestion is an indicator of potential shortfalls in power
availability and price volatility in a given region. This indicator will be used as the
independent variable and is based on the number of TLRs used to control the flow of
electricity -- the lower the number of TLRs used, the more reliable and more sustainable
is the electrical grid for each installation.
Low Vulnerability

(1)

<=50 TLRs

Moderate Vulnerability

(2)

>50 - <=500 TLRs

High Vulnerability

(3)

>500 TLRs

The three categories of TLRs as reported by SIRRI were converted using the
median point of range for each of the three levels.
Median point of range
25 = <=50 TLRs
225 = >50 - <=500 TLRs
1000 = >500 TLRs
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Electrical Grid Reserve Capacity
The Electrical Grid Reserve Capacity indicator shows the percentage of capacity
margin for the NERC regions for the summer of 2010. This indicator is important
because it shows how well the region is planning to meet electrical demand growth in the
future. Reduced capacity margins indicate the possibility of future electric shortages in a
region in times of high electrical demand. The unit of measure for this independent
variable will be percent margin of the reserve capacity.
Electrical Price Structure. The price structure for electricity demand and delivery
indicates whether the commodity has been deregulated and is thus more susceptible to
market distortion such as price instability and availability fluctuations. This indicator
affects the availability and price of electricity to an Army installation. Also, utilities in
states that have been deregulated have not made the needed investments into the grid
because return on investment is ill defined and thus these are more susceptible to outages.
Dummy variables were used to indicate whether the commodity has been deregulated or
not.
0 = Non-Regulated
1 = Regulated
Net Metering. The availability of net metering indicates whether a state allows nonenergy producers, such as consumers, to sell excess electrical energy produced onsite
back to the grid at the local rate. The implications of this indicator are whether the state is
progressive in its approach to integrated resource planning and management. A
progressive approach ensures electricity availability and security in the future, while
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other approaches may not. The use of distributed generation adds to the robustness of the
grid and its overall reliability. Dummy variables were used to indicate whether the state
allows net metering or not.
0 = No Net Metering
1 = State-Wide Net Metering
Political Environment
The political environment can impact the success or failure of an installation
meeting its sustainability goals. State government's policies and regulations vary in
regard to environmental issues. State and local policies and regulations can support or
dissuade an installation in their sustainability efforts.
A scoring 9 of the 50 states was performed based on the environmental problems
in each state and how effectively these problems are addressed. Environmental areas
examined were energy consumption, pollution problems and state energy policies. Data
comprising 49 separate metrics came from a number of sources including The Pew
Center on Global Climate Change, The Energy Information Administration, The
Department of Energy, The Interstate Renewable Energy Council, Renewable Energy
World, American Council For an Energy-Efficient Economy, The Environmental
Protection Agency, The American Lung Association, Environment America’s Research
and Policy Center, The Political Economy Research Institute, and the Bureau of
Economic Analysis.

9

The scoring was performed by 24/7 Wall St., LLC which is a Delaware corporation set
up to run a financial news and opinion operation with content delivered over the Internet.
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The higher the score, the 'greener' the state. The lowest state score is 14.2 while
the highest score is 43.6. A 'green' score was determined for the state of each installation.
Encroachment
The variables for Encroachment are: Regional Population Density, Increased
Regional Growth Rate, Regional Population Growth, Regional Land Urbanization, State
Smart Growth Plans, Joint Land Use Studies and Proximity to Metropolitan Statistical
Areas. SIRRA was the data source for these indicators.
Regional Population Density
This indicator provides a measure of the population density of all counties in the
United States. A high population density in the region surrounding an installation is a
strong indicator of potential encroachment issues. This can affect the type of activities
that take place on an installation. The average population density for the entire United
States was 79.6 people per square mile according to the 2000 U.S. Census. The
population density was determined for each installation.
Increased Regional Growth Rate
An increasing regional growth rate is a strong indicator of increased population
pressures in the future, leading to greater demands for services, access, resources, and
land in competition with an Army installation. This can affect the type and intensity of
training and other activities that can take place on the installation. Increasing Regional
Growth Rate is a measure of how fast a county is growing in the past 5 years compared
with data from the previous 5 years. The population growth rate from 2000 to 2004 is
compared with the growth rate from 1995 to 2000. The data illustrates a county average
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increasing growth rate of 3.13 percent. The percent change for Regional Growth Rate
was determined for each installation.
Regional Population Growth
This indicator measures the population growth over the last decade of every
county in the United States. Population growth is one of the leading causes of
environmental degradation, because more people use more resources including water,
energy, and waste disposal, and other problems. This indicator assumes that fast growing
human populations are less sustainable. The degree of regional population growth is a
strong indicator of the demand for services, access, resources, and land in competition
with the military installation. The percent Population Growth was determined for each
installation.
Regional Land Urbanization
This indicator provides a measure (in percent) of land urbanization within a 20mile boundary surrounding an installation. The indicator value is found by dividing the
amount of urbanized land by the total land area surrounding a given installation. The
degree of regional development is a strong indicator of potential encroachment problems
that can affect the type and intensity of training or other activities that can take place on
the installation. The percent urbanized land was determined for each installation.
State Smart Growth Plans
This indicator shows the status of State Smart Growth Initiatives across the
United States. Smart growth is the planning, design, development, and revitalization of
cities, towns, suburbs, and rural areas to create and promote social equity, a sense of
place and community, as well as to preserve natural and cultural resources. Smart growth
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enhances ecological integrity over both the short and long term, and improves quality of
life for all by expanding the range of transportation, employment, and housing choices
available to a region. The presence of a state smart growth plan is important because
smart growth legislation can reduce sprawl and decrease the growth of urbanized land
surrounding a military installation. The potential encroachment caused by sprawl and
urban development can affect the type and intensity of training that can take place on the
installation. Substantial reforms means that smart growth legislation has been passed in
the state; moderate reforms or pursuing additional reforms means that some form of land
use laws resembling smart growth have been passed or legislation has been proposed; and
no reforms mean that no legislation has been passed or proposed. Each installation was
assigned a value as follows:
0 = No plans in place
1 = Plans in place
Joint Land Use Studies
Military operations can be loud and present safety concerns for nearby civilian
communities. For example, ground-training exercises (e.g., artillery firing ranges,
maneuver areas, and aerial bombing ranges) generate impact noise that can adversely
affect the surrounding community if the civilian population chooses to locate too close.
Conversely, civilian activities located adjacent to active military bases can impair the
operational effectiveness, training, and readiness of the installations’ mission. In other
words, urban encroachment near an Army installation, if allowed to go unregulated, can
compromise the utility and effectiveness of the installation and its mission.
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In order to address encroachment at military installations, Congress authorized the
Department of Defense to make community planning assistance grants in the form of a
Joint Land Use Studies (JLUS). A JLUS is a cooperative land use planning effort
between affected local government and the military installation. The recommendations
present a rationale and justification, and provide a policy framework to support adoption
and implementation of compatible development measures designed to prevent urban
encroachment; safeguard the military mission; and protect the public health, safety, and
welfare.
The presence of a JLUS indicates an effort between the local community and the
military installation to work together. Thus, any form of a JLUS is viewed as a positive.
Whether the installation has completed a JLUS, begun a JLUS, or is simply receiving
technical assistance, the installation is classified as “very low vulnerability.” If no effort
is shown toward completing a JLUS, the installation is classified as “high vulnerability.”
0 = JLUS Not Completed, Underway, or no Technical Assistance
1 = JLUS Completed, Underway, or Technical Assistance
Proximity to Metropolitan Statistical Areas
This indicator shows the proximity of Army installations to Metropolitan
Statistical Areas (MSA), which indicates the potential for encroachment on military
facilities. MSAs are a geographic entity designated by the Federal Office of Management
and Budget for use by Federal statistical agencies. Encroachment is a strong indicator of
pressures on the future use and vulnerability of Army installations.
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Proximity to MSA is defined as the distance from the nearest MSA to an
installation. All areas within an MSA were classified as highly vulnerable, while all areas
not within an MSA, but within 20 miles of an MSA were classified as moderately
vulnerable. All areas outside of the 20-mile buffer were considered not vulnerable.
Proximity to MSA classifications were defined as distance in miles.
Installation Sustainability Plans
The cornerstone of sustainability is behavior change. Sustainability requires that
we tackle diverse goals, such as increasing water and energy efficiency, protecting water
quality and biodiversity, reducing waste, and altering transportation choices.
Independent variables related to behavior are characteristics of the installation
sustainability plans including the presence of a plan, length of plan and aggressiveness of
the sustainability goals.
Table 9 summarizes the independent variables, data sources and units of measure.

Table 9: Summary of Indicators, Data Sources and Units of Measure

1

Indicator
Organizational Structure

Data Source
Installation
Organizational Chart
Installation records

2

Policy Statement

3

Resources

Defense Finance and
Accounting Service

4

Mission - Materiel

Army Commands

5

Mission - Training

Army Commands
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Unit of Measure
0 = No
1 = Yes
0 = No
1 = Yes
Number of dollars in
operating budget per
person
0 = No
1 = Yes
0 = No
1 = Yes

6
7

Indicator
Mission - Forces

Data Source
Army Commands

9

Mission - Research,
Army Commands
Development, Testing &
Evaluation
Size
AEWRS REMIS
ASIP
Built Area
AEWRS REMIS

10

Infrastructure - Mission

Army Installation
Status Report

11

Infrastructure - Quality

Army Installation
Status Report

12

Infrastructure - Quantity

Army Installation
Status Report

13

Level of Development

SIRRA
(JAWRA)

14

Ground Water Depletion SIRRA
(JAWRA)

15

Water Quality

16

Annual Heating Degree
Days
Annual Cold Degree
Days
Annual Mean Total
Precipitation
Winter Average
Monthly Temperature
Summer Average
Monthly Temperature

8

17
18
19
20

Unit of Measure
0 = No
1 = Yes
0 = No
1 = Yes

SIRRA
(JAWRA)
NOAA

Number of acres per sq ft
per population
Square Feet (Built) per
acreage
-1 = Green
0 = Amber
1 = Red
-1 = Green
0 = Amber
1 = Red
-1 = Green
0 = Amber
1 = Red
Percent level of
development (Median
point of range)
Percent ground water
depletion (Median point of
range)
-1 = Not Acceptable WQ
1 = Acceptable WQ
Number of days

NOAA

Number of days

NOAA

Inches of precipitation

NOAA

Degrees Fahrenheit

NOAA

Degrees Fahrenheit
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Indicator
Electrical Grid
Congestion

Data Source
SIRRA
(NERC)

SIRRA
(NERC)
SIRRA (NERL)

24

Electrical Grid Reserve
Capacity
Electrical Price
Structure
Net Metering

25

Political Environment

26

30

Regional Population
Density
Increased Regional
Growth
Regional Population
Growth
Regional Land
Urbanization
Smart Growth Plans

31

Joint Land Use Study

24/7 Wall Street Green
State Score
SIRRA
(USCB)
SIRRA
(USCB)
SIRRA
(USCB)
SIRRA
(NLCD)
SIRRA
(APA)
SIRRA
(DoD)

32

Proximity to
Metropolitan Statistical
Areas (MSA)
Presence of
Sustainability Plan

SIRRA
(USCB)
Installation
Sustainability Plans

0 = No
1 = Yes

Length of Sustainability
Plan
Aggressiveness of

Installation
Sustainability Plans

Number of Pages

Installation

0 = No Targets

21

22
23

27
28
29

33

34
35

SIRRA
(NERL)
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Unit of Measure
Median point of range
of Transmission Loading
Relief procedures (TLRs)
1 = <=50 TLRs
2 = >50 - <=500 TLRs
3 = >500 TLRs
Percent Margin
0 = Non-regulated
1 = Regulated
0 = No Net Metering
1= State-Wide Net
Metering
Green State Score
Population per square mile
Percent change in
population growth
Percent population growth
Percent urbanized
0 = No plans in place
1 = Plans in place
0 = Not completed
1 = Completed or
underway
Miles to MSAs

Indicator
Sustainability Goals

Data Source
Sustainability Plans

Unit of Measure
1 = Targets

The entire data set is shown in Appendix B
Approach
A multiple regression analysis was performed to learn more about the
relationships between the dependent and independent variables. Stata is a general purpose
statistical software package developed by StataCorp LP and is used by academic
institutions and businesses around the world. Stata Version 10 was used to run multiple
regression analysis for this research.
The multiple regression analysis utilized stepwise regression using the forward
selection and backward elimination features of Stata. Stepwise regression is a semiautomated process of building a model by successively adding or removing variables
based solely on the t-statistics of their estimated coefficients
Forward selection involves starting with no variables in the model, testing the
addition of each variable using a chosen model comparison criterion, adding the variable
(if any) that improves the model the most, and repeating this process until none improves
the model.
Backward elimination involves starting with all candidate variables, testing the
deletion of each variable using a chosen model comparison criterion, deleting the variable
(if any) that improves the model the most by being deleted, and repeating this process
until no further improvement is possible.
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The five dependent variables of this study were regressed on the predictor or 35
independent variables.

Qualitative Analysis
Phase III -- Interviews
Phase I and II consisted of a quantitative analysis of the dependent and
independent variables. The objective of quantitative research is to develop and execute
mathematical models, theories and/or hypotheses pertaining to an event or phenomenon.
Quantitative research refers to the systematic empirical investigation of social phenomena
via statistical, mathematical or computational techniques (Given, 2008). While
quantitative analysis is important, certain knowledge or experiences cannot be
meaningfully expressed by numbers generated from a mathematical model or statistical
software. Qualitative research provides a means of accessing unquantifiable facts about
actual people and their understandings and perceptions of a phenomenon. Therefore, in
an effort to fill that knowledge gap, a Phase III qualitative analysis will be used to
augment the quantitative research of Phases I and II.
'Qualitative' refers to the what, how, when, and where of a subject matter.
Qualitative research is a method of inquiry employed in many different academic
disciplines, traditionally in the social sciences, but also in market research and further
contexts. Qualitative research refers to the meaning, concepts, definitions,
characteristics, metaphors, symbols and description of things (Berg, 2007). It begins by
accepting that there is a range of different ways of making sense of the world and is
concerned with discovering the meanings seen by those who are being researched and
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with understanding their view of the world rather than that of the researchers. Qualitative
researchers study things in their natural settings, attempting to make sense of, or interpret,
phenomena in terms of the meanings that people bring to them. Qualitative researchers
aim to gather an in-depth understanding of human behavior and the reasons that govern
such behavior (Denzin, 2004). The main methods to collect qualitative data are
interviewing, focus groups, ethnography, sociometry, unobtrusive measures,
historiography, and case studies (Berg, 2007). This research will utilize the interview
method to gather its qualitative data.
Interview Process
Interviews are among the most familiar strategies for collecting qualitative data.
The different qualitative interviewing strategies most commonly used emerged from
diverse disciplinary perspectives resulting in a wide variation among interviewing
approaches.
The purpose of the qualitative research interview is to contribute to a body of
knowledge that is conceptual and theoretical and is based on the meanings that life
experiences hold for the interviewees. While all interviews are used to get to know the
interviewee better, the purpose of that knowing varies according to the research question
and the disciplinary perspective of the researcher. Thus, some research is designed to test
hypotheses often using a very structured interviewing format in which the stimulus
(questions) and analyses are standardized, while other research seeks to explore meaning
and perceptions to gain a better understanding of hypotheses. This latter research
generally requires some form of qualitative interviewing which encourages the
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interviewee to share rich descriptions of phenomena while leaving the interpretation or
analysis to the investigators (Warren, 2005).
There are three widely accepted types of interviews: structured (or standardized);
unstructured (or unstandardized); and semi-structured (or semi-standardized) (Berg
2007). The degree of structure is a common way to classify the research interview
(Fontana and Frey, 1998).
The term “structured” is used widely, but “standardized” is also used (Berg,
2007). The structured interview is where the interviewer asks the participant a series of
pre-established questions, allowing only a limited number of response categories.
Organizing and quantifying the findings is thus generally straightforward. Structured
interviews are therefore rigid as the interviewer reads from a script and deviates from it
as little as possible. All interviewees are asked the same questions in the same order to
elicit brief answers or answers from a list.
At the other end of the spectrum of interview methods, is the informal,
unstructured interview. The unstructured interview process shapes to the individual
situation and context, intending to make the interviewee feel relaxed and unassessed
(Hannabuss, 1996). Fontana and Frey (1998) point out that most of the data gathered
through participant observation is gleaned from informal conversations in the field. The
unstructured interview proceeds from the assumption that the interviewers do not know in
advance all the necessary questions.
Between the structured and unstructured is the semi-structured interview, the most
common of all qualitative research methods (Alvesson and Deetz, 2000). The semi-
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structured interview enjoys its popularity because it is flexible, accessible and intelligible
and capable of disclosing important and often hidden facets of human and organizational
behavior. Often it is the most effective and convenient means of gathering information
(Kvale and Brinkmann, 2009).
Whereas, the unstructured interview is conducted in conjunction with the
collection of observational data, semi-structured interviews are often the sole data source
for a qualitative research project and are usually scheduled in advance at a designated
time and location outside of everyday events (Adams et al, 2002). Semi-structured
interviews are generally organized around a set of predetermined open-ended questions,
with other questions emerging from the dialogue between interviewer and interviewee as
the interviewer has the ability to digress and probe far beyond the answers to these
prepared standardized questions (Berg, 2007).
This research utilized the semi-structured approach for the interview process. Due
to the diverse geographical locations of the Army installations identified in this study, it
was onerous and cost prohibited to visit each and every installation for a face-to-face
interview. Therefore, a combination of telephone and face-to-face interviews were
utilized to gather the qualitative data.
There are advantages and disadvantages to both telephone and face-to-face
interviews. Researchers have found that telephone interviews may not only provide an
effective means for gathering data but also the only means depending on geographic
location of the interview (Berg, 2007).
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Telephone interviews lack the face-to-face nonverbal cues that researchers use to
guide their interviews (Carr & Worth, 2001) (Hiller & DiLuzio, 2004) (Musselwhite, et
al, 2006) (Shuy, 2003). When face-to-face, the interviewee and interviewer have access
to facial expressions, gestures, and other paraverbal (e.g. tone, pitch) communications
that may enrich the meaning of the spoken words. One assertion frequently made in
support of face-to-face interviews is that because both interviewer and interviewee are in
the same space, and thus have access to more than just verbal data, they can build the
rapport that may enable participants to freely disclose their experiences more effectively
than might occur in telephone interviews.
However, having access to nonverbal data may actually introduce the potential for
response bias, because participants may "read" interviewers’ reactions to participant
responses and adjust their replies accordingly (Musselwhite et al, 2006).
Telephone interviews have economic advantages as well as it uses financial and
human resources efficiently by reducing the need for travel, thereby widening the net
researchers may cast for participants and enabling expedient data collection (Berg, 2007)
(Musselwhite, et al, 2006). Siemiatycki (1979) found that the quality of the data obtained
in telephone versus face-to-face interviews was comparable and the added costs of faceto-face interviews unjustified.
Anonymity is a favorable attribute of the telephone interview (Brannen, 1988)
(Musselwhite, et al, 2006). The anonymity afforded by the telephone may enable
participants to be more open in their responses. It has been noted that interviewees may
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have less fear and will be more forthcoming if they believe that they will never cross
paths with the interviewer after completing the research.
Telephone interviews minimize disadvantages of in-person interviews as
researchers can take detailed notes of an interview without making participants feel
uncomfortable (Musselwhite, et al, 2006).
On the other hand there are benefits of face-to-face interviews as they help
maintain participant involvement more successfully than telephone interviews (e.g.,
fewer dropouts). Face-to-face interviews allow the interviewer to clarify the information
being communicated to those with hearing difficulties or those for whom English is not
their first language (Musselwhite, et al, 2006)
Furthermore, face-to-face interviews yield authentic and deep descriptions of
phenomena via the interviewer’s ability to facilitate trust and openness in the interviewee,
which then lessens the interviewee’s need for impression management and enables the
examination of her or his private experiences (Polkinghorne, 1994).
In the end, both methods of interviews are effective; therefore, a combination of
telephone and face-to-face interviews were conducted depending on the geographic
location and availability of the participants.
Approach
Federal Regulations and George Mason University policy require that all research
involving humans as subjects be reviewed and approved by the University’s Office of
Research and Integrity and Assurance. Prior to the start of the interviews, an application
and project materials were submitted to the Office of Research and Integrity and
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Assurance. Upon review, it was determined by the office that this research project does
not meet the definition of human subjects research and therefore does not require a
review by the Institutional Research Board.
All attributable, confidential project data and results are maintained electronically
on a secured computer.
A series of semi-structured interviews of installation personnel were performed to
determine the cause of the installation's success or failure in reaching their sustainability
goals. The semi-structured interview combines a highly structured agenda with the
flexibility to ask subsequent questions to the participants. The questions for the semistructured interview was constructed before the interview and sent to the participant so
he/she could start to prepare responses or at least put their thoughts together. Due to the
perceived busy schedule of the senior level managers, the interviews were scheduled to
not exceed 1 hour allowing no more than 20 questions and permitting time in between the
prepared questions for the opportunity to ask supplementary questions, to clarify points
and ask for more detail where necessary. The questions were asked of each interviewee in
a systematic and consistent order, but allowing the opportunity to digress in order to
probe beyond the answers to the prepared questions. With permission of the interviewee,
the interview were electronically recorded and later transcribed providing a protocol for
detailed analysis.
Sampling Method
A total of eight installations were selected for interviews. The original proposal
suggested half of the installations would be selected who were meeting their
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sustainability goals and half have shown progress in meeting their sustainability goals. As
the quantitative results began to formulate, it was evident that not all installations could
be ‘labeled’ as sustainable or non-sustainable. For example, if an installation showed it
was sustainable in energy reduction, it may not be sustainable in waste generation or
waste use reduction. Each installation had various permutations of sustainability
indicators. No installation had all sustainability indicators identified as either as
sustainable or unsustainable. In the end, installations were chosen so there would be a
representative mix of Army missions.
There were 2-3 individuals from each installation interviewed equating to
approximately 20 interviews in total. The preference for individuals to be interviewed
were the installation commander or their deputy, director of public works, the
sustainability coordinator and/or the environmental coordinator -- or other key personnel
with the insight and knowledge of the installation's sustainability program.
Interview Preparation
There are a number of tenets or principles that were considered in preparing for
the interviews. Research shows there are three necessary steps to accomplish an effective
qualitative telephone interview: (1) the interviewee must establish legitimacy; (2) the
interviewee must be convinced that the subject of the interview is important for him/her
to take part in the research; and (3) the researcher must ensure that the information
obtained is sufficiently detailed to contribute to the study (Berg, 2007). To that end, these
steps were utilized during the interview process.
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In addition, Berg (2007) constructed ten basic rules for conducting effective
interviews which were implemented as applicable. Some were not applicable during
telephone interviews.
Never begin an interview cold. Several minutes will be made for small talk with
the participant to establish a comfortable rapport.
Remember the purpose of the interview. There will be an effort to keep the
interview on track and focused on the subject.
Present a natural front. Each question will be asked as though it just occurred.
There will be an effort to be relaxed, affirmative, and as natural as possible.
Demonstrate aware hearing. Nonverbal responses will be made to show interest
and awareness in the interviewee's responses.
Think about appearance. Appropriate dress will be used during face-to-face
interviews.
Interview in a comfortable place. For face-to-face interviews, the participant will
choose the location where they are most comfortable for privacy and convenience.
Don't be satisfied with monosyllabic answers. Probe further when provided a 'yes'
or 'no' answer.
Be respectful. An effort will be made to make the participant feel that they are an
integral part of the research and that every answer is a great answer.
Practice. In order to become proficient and effective, practice interviews will be
performed prior to the formal interviews.
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Be cordial and appreciative. All questions the interviewee may have will be
answered and great appreciation will be shown for their participation.
Interview Questions
The semi-structured interviews were designed to elicit information using
questions that are expected to draw out the interviewees' thoughts, opinion and attitudes
about sustainability activities at their respective installations. These questions were asked
in a systematic and consistent order, but the interviewer was allowed the freedom to
digress or ask for clarification. Open ended questions were utilized to encourage full,
meaningful and objective answers using the individual's own knowledge and/or
perspectives of the situation. Questions were focused around the organizational
characteristics of the installation. The following questions were used during the
interviews:
1. What office manages or has the oversight of your sustainability program?
2. Where is it located in your organizational structure?
3. What is your installation's vision for the future?
4. Does your installation have a vision statement?
5. Does your installation have some type of Command sustainability policy?
6. Is there a perception that sustainability impedes operations?
7. Is there a perception that sustainability acts as an enabler?
8. What are your top two enablers that are helping you to achieve your
sustainability goals?
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9. What are your top two impediments that keep you from achieving your
sustainability goals?
10. How do the policies and regulations at the state and local government
levels impact your efforts to meet your sustainability goals?
11. How are senior managers committed to sustainability?
12. What are your management practices that support sustainability?
13. Who champions sustainability in the organization?
14. Is there a sustainability budget?
15. Is your sustainability program adequately funded?
16. What are the benefits of your installation's sustainability efforts?
17. What organizational changes occurred to foster sustainability?
18. Does the organization have a sustainability communication strategy?
Analysis of Data
The interviews were recorded (with permission of the interviewee) and
transcribed using a word processor. If an interviewee did not grant permission to record
the discussion, copious notes were taken by the interviewer.
Content analysis is a data reduction technique that is used to pick out patterns in
qualitative research. It can either involve manual or automated analysis of key words and
phrases. Once words or themes are identified in textual materials, the frequency with
which those themes are mentioned can be counted. Normally, data reduction would flesh
out major themes which then could be categorized accordingly. However, as stated
earlier, the main purpose of the interviews is to help explain and deepen our

149

understanding of the multiple regression findings. Therefore, the categories utilized for
this analysis is the list of organizational characteristics identified in Phase II as the
independent variables: organizational structure, policy, resources, mission, size,
infrastructure, hydrology, climate, energy, political, encroachment and behavior.
The transcripts were coded using a word processor to notate statements that are
linked to one of the categories (independent variables). This information was indexed
showing the transcript page number, a brief verbatim excerpt of the statement, and the
applicable category. The following index table template was used to collect the coded
data.

Table 10: Interview Index Table Template

Index #
1
2
3
etc.

Page #

Index Table
Statement Excerpt

Category
e.g. Mission
Policy
Resources
etc.

The coded data from the index table was then summarized by looking at the
frequency of statements across the identified categories. The following matrix (frequency
table) was used to collect the frequency data.
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Table 11: Interview Frequency Table Template

Once the frequencies were summarized and the frequency table completed, the
qualitative results were compared to the multiple regression analysis of Phase II in order
to explain and deepen our understanding of how organizational characteristics lead to
variations in implementing sustainability activities in an organization.
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CHAPTER FOUR: RESULTS OF QUANTITATIVE ANALYSIS

Analysis of Data Set:
A stepwise multiple regression was run to predict the dependent variables (Yk)
from the independent variables (Xk) using the following equation:
Yk = B0 + B1X1 + B2X2….BkXk
Table 12 shows the dependent variables (Yk) with units and Table 13 shows the
independent variables (Xk) with units.

Table 12: List of Dependent Variables and Units

Variable
Y1

Description
Facility Energy Consumption

Y2

Vehicle Energy Consumption

Y3

Solid Waste Disposed

Y4

Hazardous Waste Disposed

Y5

Water Consumption
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Units
BTUs/SqFt
Percent Change per
Year
BTUs/Mile
Percent Change per
Year
Pounds/Person
Percent Change per
Year
Pounds/SqFt
Percent Change per
Year
Gallons/Person
Percent Change per
Year

Table 13: List of Independent Variables and Units

Variable
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10

Description
Organizational Structure
Policy Statement
Operating Budget
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Size
Built Area
Condition of Infrastructure

X11

Condition of Infrastructure

X12

Condition of Infrastructure

X13

Level of Development

X14

Groundwater Depletion

X15

Water Quality

X16
X17
X18
X19
X20
X21

Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly Temperature
Summer Average Monthly Temperature
Electrical Grid Congestion

X22
X23

Electrical Grid Reserve Capacity
Electrical Price Structure (Deregulation)

X24

Net Metering

X25
X26
X27

Political
Regional Population Density
Increased Regional Growth Rate

X28
X29
X30

Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
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Units
0-1 (Yes-No)
0-1 (Yes-No)
Dollars/Person
0-1 (Yes-No)
0-1 (Yes-No)
0-1 (Yes-No)
0-1 (Yes-No)
% People/Acre
SqFt Buildings/Acres
1 (Green), 0 (Amber), -1
(Red)
1 (Green), 0 (Amber), -1
(Red)
1 (Green), 0 (Amber), -1
(Red)
Ratio of Water
Withdrawn/Annual
Streamflow
Ratio of GW
Withdrawn/Recharge Rate
0-1 (Not AcceptableAcceptable)
# of Days
# of Days
# of Inches
Degrees Fahrenheit
Degrees Fahrenheit
# of Transmission Loading
Relief Procedures/Year
Percent Margin
0-1 (Non-RegulationRegulation
0-1 (No Net MeteringStatewide Net Metering
Green State Score
Population/Square Mile
% Change in Population
Growth Rate
% Population Growth
% Urbanized Land
0-1 (No Plans-Plans in

Variable

Description

X31

Joint Land Use Studies

X32
X33
X34
X35

Proximity to Metropolitan Statistical Areas
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability Goals

Units
Place
0-1 (No Plans-Plans
Complete
Distance in Miles
0-1 (Yes-No)
# of Pages
0-1 (No Targets-Targets

Results of Facility Energy Consumption
A stepwise multiple regression was run to predict Facility Energy Consumption
(Y1) from the independent variables using the equation:
Y1 = B0 + B1X1 + B2X2….B5 X5 + B7X7….B30X30 + e
Table 14 shows the results.

Table 14: Results of Regression Model 1: Facility Energy Consumption (Y1)

Description
Organizational Structure
Policy Statement
Operating Budget
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Size
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development
Groundwater Depletion
10

Coefficient Coefficient
Value
B1
-25.47835
B2
NS 10
B3
-.001459
B4
-24.16888
B5
-33.09454
B6
-55.59358
B7
NS
B8
-10.26303
B10
-20.7861
B11
21.90109
B12
-15.29156
B13
NS
B14
NS

NS = No Significance
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P
Value
0.000
NS
0.000
0.008
0.000
0.000
NS
0.000
0.008
0.000
0.001
NS
NS

Description
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly
Temperature
Summer Average Monthly
Temperature
Electrical Grid Congestion
Electrical Grid Reserve Capacity
Electrical Price Structure
(Deregulation)
Net Metering
Political
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Studies
Proximity to Metropolitan Statistical
Areas
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability
Goals

Coefficient Coefficient
Value
B15
6.27263
B16
-.0110234
B17
-.0218318
B18
.8834806
B19
NS

P
Value
0.008
0.000
0.000
0.000
NS

B20

-1.916782

0.000

B21
B22
B23

NS
2.900011
NS

NS
0.000
NS

B24
B25
B26
B27
B28
B29
B30
B31
B32

NS
NS
.0307334
NS
NS
NS
-11.55148
NS
NS

NS
NS
0.000
NS
NS
NS
0.000
NS
NS

B33
B34
B35

NS
NS
12.32826

NS
NS
0.001

For the Y1 model, 18 of the independent variables were found to be statistically
significant for predicting the relationship. These variables statistically significantly
predicted Facility Energy Consumption, p < .005, F(18,19) = 24.30, R2 = 0.9584,
Adjusted R2 = 0.9189.
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With an F-value of zero to four decimal places, the model is statistically
significant and therefore, these 18 independent variables reliably predict the dependent
variable, Facility Energy Consumption.
The R-squared is 0.9584, meaning that approximately 96% of the variability of
Facility Energy Consumption is accounted for by the variables in the model. In this case,
the adjusted R-squared indicates that about 92% of the variability of Facility Energy
Consumption is accounted for by the model, even after taking into account the number of
predictor variables in the model. The coefficients for each of the variables indicates the
amount of change one could expect in Facility Energy Consumption given a one-unit
change in the value of that variable, given that all other variables in the model are held
constant.
A negative coefficient implies it has a positive effect on sustainability in that it is
reducing further the amount of facility energy consumed. Based on the data, the
following observations are made:
Organizational Structure (B1): If the person in charge of the installation
sustainability program reports directly to the Commander, there is a good likelihood the
installation will be reducing its facility energy consumption.
When the sustainability manager reports directly to the Commander, that manager
is directly accountable for the program and will most likely make a great effort to reach
the commander’s sustainability goals, in this case reduce the consumption of facility
energy at the installation. In addition, when the sustainability manager reports directly to
the commander, the commander has much more visibility over the program and can use
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their position to influence installation personnel to take the necessary steps to reduce
energy use. The commander also has the authority to shift funding from one project to
another allowing sustainability initiatives to be funded. For example, for facility energy
reduction, the commander could use his fiscal discretion to replace older boilers to newer
energy efficient boilers.
Mission (B4, B5, B6): If the installation has a Materiel, Training or Forces mission,
there is a good chance the installation is reducing its facility energy consumption. In
general, Research installation are not reducing its facility energy consumption.
Materiel, Training and Forces installations have been recipients of a number of
programs and initiatives that would reduce the amount of energy consumed at the
installations. The installations that gained missions due to BRAC had new energy
efficient structures built and new, more efficient infrastructure installed. The Residential
Communities Initiative (RCI) was an Army project that replaced old residences that
housed soldiers and their families with new, energy efficient houses and barracks.
Unfortunately, the research installations, including Dugway Proving Ground, Aberdeen
Proving Ground, Yuma Proving Ground and White Sands Missile Range were not party
to the BRAC and RCI initiatives and therefore did not have new buildings and
infrastructure.
Size (B8): The larger installations have a better likelihood of reducing its facility
energy consumption.
Larger installations have bigger operating budgets compared to smaller
installations since they have more buildings and infrastructure (e.g. roads, water & sewer
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lines, electrical grid) to maintain. With such a large budget, the installation has more
discretion on shifting money to perhaps energy efficient projects and initiatives. Smaller
installations with smaller budgets may not have that amount of fiscal flexibility.
Infrastructure (B10, B12): If the amount of infrastructure is adequate and well
suited for the mission, the installation will have a good probability of reducing its facility
energy consumption.
Failing and outdated infrastructure in inherently energy inefficient. For example,
leaking steam lines cause boilers to run more and leaking water lines causes water
treatment plants to run longer requiring more energy to produce the steam and treat the
water. On the other hand, newer, well maintained infrastructure will be energy efficient
and lower the consumption of energy at the installation. This model shows adequate and
well maintained infrastructure will reduce the amount of energy consumed at the
installations.
Smart Growth Plans (B30): If an installation is located in a state that has smart
growth plans, the prospects are good that there will be a reduction in facility energy
consumption.
State-level planning departments can bring order and cohesion to local
development decisions. They can prioritize infrastructure investments in support of
economic development and weigh development plans against other values, such as
protecting the environment, sustainability and reducing energy consumption. The
advantage of land-use planning at the state level is that it provides an opportunity for
someone at the state level to pay attention to the “big picture” of growth and
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development. Installations that are located in states with Smart Growth Plans will benefit
from the state’s initiative in its energy reduction efforts.
The facility energy model proved to be a strong model as it shows that certain
organizational attributes can predict the sustainability of an installation.
Results of Vehicle Energy Consumption
A stepwise multiple regression was run to predict Vehicle Energy Consumption
(Y2) from the independent variables using the equation:
Y2 = C0 + C1X1 + C2X2….C26 X26 + C28X28….C30X30 + e
Table 15 shows the results.

Table 15: Results of Regression Model 2: Vehicle Energy Consumption (Y2)

Description
Organizational Structure
Policy Statement
Operating Budget
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Size (People, Acreage)
Built Area
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development
Groundwater Depletion
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly Temperature
Summer Average Monthly

Coefficient
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
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Coefficient
Value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
-2.288235
NS
NS
NS
-2.663649
NS
NS

P
Value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.005
NS
NS
NS
.011
NS
NS

Description
Temperature
Electrical Grid Congestion
Electrical Grid Reserve Capacity
Electrical Price Structure
(Deregulation)
Net Metering
Political
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Studies
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability
Goals

Coefficient

Coefficient
Value

P
Value

C21
C22
C23

NS
NS
NS

NS
NS
NS

C24
C25
C26
C27
C28
C29
C30
C31
C33
C34
C35

NS
NS
NS
NS
1.782595
NS
-55.74438
NS
NS
NS
NS

NS
NS
NS
NS
0.018
NS
0.001
NS
NS
NS
NS

For the Y2 model, 4 of the independent variables statistically predicted the
relationship. The variables are shown in Table 17. These variables statistically
significantly predicted Vehicle Energy Consumption, p < .005, F(4, 33) = 9.56, R2 = 0.
5368, Adjusted R2 = 0. 4806.
With a F-value of zero to four decimal places, the model is statistically significant
and therefore, these 4 independent variables reliably predict the dependent variable,
Vehicle Energy Consumption.
The R-squared is 0. 5368, meaning that approximately 54% of the variability of
Vehicle Energy Consumption is accounted for by the variables in the model. In this case,
the adjusted R-squared indicates that about 48% of the variability of Vehicle Energy
Consumption is accounted for by the model, even after taking into account the number of

160

predictor variables in the model. The coefficients for each of the variables indicates the
amount of change one could expect in Vehicle Energy Consumption given a one-unit
change in the value of that variable, given that all other variables in the model are held
constant.
A negative coefficient implies it has a positive effect on sustainability in that it is
reducing further the amount of vehicle energy consumed. Based on the data, the
following observations are made:
Groundwater Depletion (C14): Installations located in low groundwater depleted
areas will show a reduction in vehicle energy consumption.
There is a high probability that communities that are located in low groundwater
depleted areas are constantly reminded to conserve water in their day to day activities.
This type of environmental conscious mindset my lead other sustainable type behaviors
such as recycling, adjusting the thermostat to save energy, and driving energy efficient
vehicles. This mindset and behavior could reduce the amount of vehicle energy
consumed at the installation.
Smart Growth Plans (C30): If an installation is located in a state that has smart
growth plans, the prospects are good that there will be a reduction in vehicle energy
consumption.
As with the facility energy reduction model, installations that are located in states
with Smart Growth Plans will benefit from the state’s initiative in its energy reduction
efforts. For example, the state could encourage the local use of energy efficient vehicles
such as hybrids or provide the local infrastructure to fuel energy efficient natural gas
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vehicles. State smart growth plans could also encourage the use of bike lanes and walking
paths which would reduce the use of vehicles to reach one’s destination. In addition,
planned communities with mixed land use could make shopping and work within walking
or biking distance from one’s home.
Results of Solid Waste Disposed
A stepwise multiple regression was run to predict Solid Waste Disposed (Y3)
from the independent variables using the equation:
Y3 = D0 + D1X1 + D2X2 + D4X4 + D6X6….D30X30 + e
Table 16 shows the results.

Table 16: Results of Regression Model 3: Solid Waste Disposed (Y3)

Description
Organizational Structure
Policy Statement
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Built Area
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development
Groundwater Depletion
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly Temperature
Summer Average Monthly
Temperature
Electrical Grid Congestion

Coefficient Coefficient
Value
D1
NS
D2
NS
D4
NS
D5
NS
D6
NS
D7
NS
D9
1180.191
D10
-148.1246
D11
NS
D12
NS
D13
NS
D14
NS
D15
NS
D16
NS
D17
NS
D18
-5.232152
D19
NS
D20
NS
D21

162

NS

P
Value
NS
NS
NS
NS
NS
NS
0.003
0.000
NS
NS
NS
NS
NS
NS
NS
0.001
NS
NS
NS

Description
Electrical Grid Reserve Capacity
Electrical Price Structure
(Deregulation)
Net Metering
Political
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Studies
Proximity to Metropolitan Statistical
Areas
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability Goals

Coefficient Coefficient
Value
D22
-20.62074
D23
NS

P
Value
0.001
NS

D24
D25
D26
D27
D28
D29
D30
D31
D32

NS
NS
-.0654358
NS
NS
NS
-97.43638
NS
NS

NS
NS
0.027
NS
NS
NS
0.008
NS
NS

D33
D34
D35

NS
NS
NS

NS
NS
NS

For the Y3 model, 6 of the independent variables statistically predicted the
relationship. These variables were statistically significantly predicted Solid Waste
Disposed, p < .005, F(6,31) = 6.12, R2 = 0.5421, Adjusted R2 = 0.4535.
With a F-value of 0.0 003 to four decimal places, the model is statistically
significant and therefore, these 6 independent variables reliably predict the dependent
variable, Solid Waste Disposed.
The R-squared is 0.5421, meaning that approximately 54% of the variability of
Solid Waste Disposed is accounted for by the variables in the model. In this case, the
adjusted R-squared indicates that about 45% of the variability of Solid Waste Disposed is
accounted for by the model, even after taking into account the number of predictor
variables in the model. The coefficients for each of the variables indicates the amount of
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change one could expect in Solid Waste Disposed given a one-unit change in the value of
that variable, given that all other variables in the model are held constant.
A negative coefficient implies it has a positive effect on sustainability in that it is
reducing further the amount of solid waste disposed. Based on the data, the following
observations are made:
Built Area (D9): Installations with higher built areas (facility square footage per
acre) will dispose of less solid waste.
Industrial installations tend to have higher built areas as the nature of their
business requires them to have very large industrial buildings. These industrial
installations inherently generate large amounts of solid waste compared to non-industrial
installations. Large amounts of solid waste are generated during the industrial process
such as wood from pallets and shipping containers, cardboard, masking paper from
painting operations and rags from mechanical operations. Industrial installations have
few alternatives to reduce the amount of solid waste generated. For example, large pieces
of equipment and parts shipped to the installation have to be shipped on pallets and
shipping containers that get damaged during shipping so it is difficult to reuse the wood.
Painting operations are required to mask areas not to be painted so the use of masking
paper is mandatory. Industrial installations may find it difficult to reduce the amount of
solid waste generated due to the nature of their business.
Infrastructure (Mission) (D10): If the installation infrastructure is well suited for
the mission, the installation will have a good probability of reducing the amount of solid
waste disposed.
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Well maintained infrastructure allows efficiencies which, in turn, reduces wastes.
Regular repair of aged water and sewer lines generates solid waste. For example,
replacement and repair of broken or leaking water lines requires the disposal of discarded
pipes, fittings, blacktop and concrete dug up during the excavation process. The
replacement or repair of decrepit streets, roads, parking lots and sidewalks generates large
quantities of solid waste requiring disposal. Repair and replacement of the power grid
produces discarded utility poles, transformers and power lines. By having up to date,
modern infrastructure will require less replacement and repair causing less disposal of
solid waste.
Electrical Grid Reserve Capacity (D22): Installations that are in regions where
there is an electrical grid reserve capacity that will be able to meet future electrical
demand growth will have a tendency to reduce the amount of solid waste disposed.
Smart Growth Plans (D30): If an installation is located in a state that has smart
growth plans, the prospects are good that there will be a reduction in the amount of solid
waste disposed.
As mentioned earlier, state-level planning encourages eco-friendly planning
which allows communities to be more sustainable and environmentally responsible.
Communities (and installations) could tend to be more cognizant of recycling and waste
reduction when their states have Smart Growth Plans. Installations that are located in
states with Smart Growth Plans will benefit from the state’s initiative in its solid waste
reduction efforts.
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Results of Hazardous Waste Disposed
A stepwise multiple regression was run to predict Hazardous Waste Disposed
(Y4) from the independent variables using the equation:
Y4 = E0 + E1X1 + E2X2….E5X5 + E7X7….E30X30 + e
For the Y4 model, no variables statistically significantly predicted Solid Waste
Disposed, p < .000, F(0, 37) = 0.00, R2 = 0.0000, Adjusted R2 = 0.0000.
Table 17 shows the results. There were no independent variables that statistically
significantly predicted Hazardous Waste Disposed. The Y4 model will not reliably predict
the dependent variable Hazardous Waste Disposed.

Table 17: Results of Regression Model 4: Hazardous Waste Disposed (Y4)

Description
Organizational Structure
Policy Statement
Operating Budget
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Size
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development
Groundwater Depletion
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly
Temperature
Summer Average Monthly

Coefficient
E1
E2
E3
E4
E5
E6
E7
E8
E10
E11
E12
E13
E14
E15
E16
E17
E18
E19

Coefficient
Value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

P
Value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

E20

NS

NS

166

Description
Temperature
Electrical Grid Congestion
Electrical Grid Reserve Capacity
Electrical Price Structure
(Deregulation)
Net Metering
Political
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Studies
Proximity to Metropolitan Statistical
Areas
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability
Goals

Coefficient

Coefficient
Value

P
Value

E21
E22
E23

NS
NS
NS

NS
NS
NS

E24
E25
E26
E27
E28
E29
E30
E31
E32

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

E33
E34
E35

NS
NS
NS

NS
NS
NS

This model reflects what could be expected for Army installations. The generation
of hazardous waste is not driven by organizational attributes of an installation. It is driven
by federal and state regulations. The Resource Conservation and Recovery Act (RCRA),
enacted in 1976, is the principal federal law in the United States governing the disposal of
hazardous waste. Hazardous waste generation is mission driven and a sustainability
initiative will not change the amount of hazardous waste an installation generates. Army
installations have been minimizing the generation of hazardous waste since RCRA was
enacted. Waste minimization is the law and this model indicates that installations are
doing the best they can in waste minimization and that installations have been executing
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waste minimization for a long time and continues to do so. The conclusion of this model
may reflect that RCRA and waste minimization works.

Results of Water Consumption
Stepwise multiple regression analyses were conducted to examine the relationship
between Water Consumption (Y5) and various potential predictors using the equation:
Y5 = F0 + F1X1 + F2X2 + F4X4 + F6X6….F30X30 + e
Table 18 shows the results.

Table 18: Results of Regression Model 5: Water Consumption (Y5)

Description
Organizational Structure
Policy Statement
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Built Area
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development
Groundwater Depletion
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly
Temperature
Summer Average Monthly
Temperature
Electrical Grid Congestion
Electrical Grid Reserve Capacity

Coefficient Coefficient
Value
F1
NS
F2
NS
F4
11.70104
F5
6.212583
F6
9.190201
F7
NS
F9
93.98597
F10
NS
F11
NS
F12
NS
F13
.1170314
F14
NS
F15
NS
F16
-.0016804
F17
NS
F18
NS
F19
NS

P
Value
NS
NS
0.003
0.029
0.002
NS
0.001
NS
NS
NS
0.003
NS
NS
0.002
NS
NS
NS

F20

NS

NS

F21
F22

.0306219
NS

0.003
NS
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Description
Electrical Price Structure
(Deregulation)
Net Metering
Political
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Studies
Proximity to Metropolitan Statistical
Areas
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability
Goals

Coefficient Coefficient
Value
F23
-9.240314

P
Value
0.000

F24
F25
F26
F27
F28
F29
F30
F31
F32

NS
NS
-.0087496
NS
-.278591
1.180664
NS
NS
.1143269

NS
NS
0.002
NS
0.000
0.000
NS
NS
0.004

F33
F34
F35

-6.462675
NS
4.776768

0.007
NS
0.011

For the Y5 model, 14 of the independent variables statistically predicted the
relationship. These variables statistically significantly predicted Water Consumption, p <
.005, F(14, 23) = 7.26, R2 = 0.8154, Adjusted R2 =0.7030.
With a F-value of zero to four decimal places, this model is statistically
significant and therefore, these 14 independent variables reliably predict the dependent
variable, Water Consumption.
The R-squared is 0.8154, meaning that approximately 82% of the variability of
Water Consumption is accounted for by the variables in the model. In this case, the
adjusted R-squared indicates that about 70% of the variability of Water Consumption is
accounted for by the model, even after taking into account the number of predictor
variables in the model. The coefficients for each of the variables indicates the amount of
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change one could expect in Water Consumption given a one-unit change in the value of
that variable, given that all other variables in the model are held constant.
A negative coefficient implies it has a positive effect on sustainability in that it is
reducing further the amount of water consumed. Based on the data, the following
observations are made:
Built Area (F9): Installations with less facility square footage per acre will tend to
reduce the amount of water consumed.
As mentioned earlier, industrial installations tend to have more facility square
footage per acre compared to non-industrial installations due to the large square footage
of buildings required for the industrial processes. The Built Area coefficient for water
consumption is positive meaning non-industrial installations tend to reduce the amount of
water consumed. Non-industrial installations consume much less water than industrial
installations. Therefore, compared to industrial installations, the other non-industrial
installations would be more apt to reduce the amount of water consumed. Water
consumption could be reduced by limiting lawn watering, installation of low flow toilets,
faucets and showerheads, the use of waterless urinals and proper maintenance of
plumbing and fixtures.
Mission (F4): Installations with a Materiel mission tend to not reduce its water
consumption.
Materiel mission installations are the Army’s industrial installations and are huge
consumers of water due its industrial processes. Water consumption is a function of its
mission. When the operational tempo of the Army is high (increased deployments and a
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high demand for the maintenance of materiel and equipment), materiel mission
installations will consume more water due to its increased industrial operations. It is the
nature of its mission that it consumes large quantities of water making it difficult to
reduce water consumption.
Electrical Price Structure (F23): Installations located in regions where there are the
deregulation of electrical prices will tend to reduce the amount of water consumed.
Presence of a Sustainability Plan (F33): Installations that have a sustainability plan
tend to see a reduction in water consumed.
Sustainability Plans address long-range priorities at an installation and are
developed through a strategic planning process that brings together representatives of the
major installation support directorates and other activities, in this case, activities that
were able to influence the installation’s consumption of water. For installation involved
with this study, the presence of sustainability plans tend to influence the reduction of
water consumed. For example, as the sustainability plan was being developed,
installations may have developed aggressive water reduction goals, had senior leader
support, and able to have funds directed at supporting the goals – all because it was in a
strategic plan (the Sustainability Plan) and was being tracked and measured as
documented in an official planning document.
Aggressiveness of Sustainability Goals (F35): Installations that have aggressive
sustainability goals tend to see a reduction in the amount of water consumed.
Aggressive goals or ‘stretch goals’ can be advantageous to an installation in its
attempt to reduce its consumption of water. If an installation comes up short of its goal,
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since it was a stretch goal anyway, then the results could be considered somewhat
successful in its attempt to reduce water consumption compared to developing a passive,
non-aggressive goal or no goal at all. For example, an installation could have developed a
non-aggressive goal such as “We will reduce water the amount of water used annually to
the year 2020”. Technically, as long as the trend of water use is reduced by a half of a
percent per year, the installation is reaching its water reduction goal. On the other hand,
one of the Net Zero goals is to achieve net zero water use by the year 2020, is a very
aggressive goal. Indeed, of the 11 Net Zero installations involved with this study, 64%
shows a reduction in the amount of water consumed at the installation. The aggressive
goals indicative of the Net Zero initiative indicate that the aggressive goals do indeed
tend to proof success in the water reduction goals.
Sustainability Index
In addition to the stepwise multiple regression analysis, a sustainability index was
developed to show how each installation is progressing with their sustainability efforts.
The index measures overall performance and highlights how well an installation manages
the trade-offs between the three competing dimensions: energy, waste and water.
Each dependent variable is evenly weighted (.20). The following formula is used
to calculate the sustainability index for each installation.
Sustainability Index = SI1
SI1 = (.20 Y1) + (.20 Y2) + (.20 Y3) + (.20 Y4) + (.20 Y5)
For example, Anniston Army Depot had a percent change in Facility Energy
Consumption (Y1) of -14.8%, Vehicle Energy Consumption (Y2) of -52.9%, Solid Waste
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Disposed (Y3) of -79.3, Hazardous Waste Disposed (Y4) of -43.9%, and Water
Consumption (Y5) of 1.9%. Therefore, SI1 was calculated as:
SI1 = (.20 -14.8) + (.20 -52.9) + (.20 -79.3) + (.20 -43.9) + (.20 1.9)
SI1 = -37.67
Again, a negative number implies a positive sustainability index. Figure 7
graphically compares the sustainability index (SI1) across the 38 installations. The green
bars depict installations that have a positive sustainability index, meaning they are
becoming more sustainable or reaching their goals. The red bars depict a negative
sustainability index. SI1 shows 23 of the 38 installations, or 61%, of the installations are
becoming more sustainable.

Figure 7: Installation Sustainability Index

Since the Y4 model does not reliably predict the dependent variable Hazardous
Waste Disposed, a second sustainability index was created, excluding hazardous waste, to

173

compare how each installation is progressing with their sustainability efforts. Each
dependent variable is evenly weighted (.25). The following formula is used to calculate
the sustainability index for each installation.
Sustainability Index = SI2
SI2 = (.25 Y1) + (.25 Y2) + (.25 Y3) + (.25 Y5)
Figure 8 graphically compares the sustainability index (SI2) across the 38
installations. The SI2 shows 26 of the 38 installation, or 68%, of the installations are
becoming more sustainable.

Figure 8: Installation Sustainability Index without Hazardous Waste

A stepwise multiple regression was run to predict Sustainability Index (Y6) from
the independent variables using the equation:
Y6 = F0 + F1X1 + F2X2 + F4X4 + F6X6….F30X30 + e
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Multiple regression was run on the two Sustainability Indices – S1 (including
Hazardous Waste Disposed) and S2 excluding Hazardous Waste Disposed). S2 proved to
be the strongest model. Table 19 shows the results.

Table 19: Results of Regression Model 6: Sustainability Index (Y6)

Description
Organizational Structure
Policy Statement
Operating Budget
Mission (Materiel)
Mission (Training)
Mission (Forces)
Mission (Research)
Size (People, Acreage)
Built Area
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development
Groundwater Depletion
Water Quality
Annual Heating Degree Days
Annual Cold Degree Days
Annual Mean Total Precipitation
Winter Average Monthly
Temperature
Summer Average Monthly
Temperature
Electrical Grid Congestion
Electrical Grid Reserve Capacity
Electrical Price Structure
(Deregulation)
Net Metering
Political
Regional Population Density
Increased Regional Growth Rate
Regional Population Growth

Coefficient Coefficient
Value
G1
NS
G2
-39.40269
G3
NS
G4
136.5053
G5
41.72509
G6
NS
G7
NS
G8
NS
G9
NS
G10
-70.70518
G11
NS
G12
-50.86138
G13
.7425689
G14
-1.413164
G15
9.54139
G16
-.0140009
G17
NS
G18
NS
G19
-2.445169

P
Value
NS
0.004
NS
0.000
0.003
NS
NS
NS
NS
0.000
NS
0.000
0.001
0.000
0.031
0.000
NS
NS
0.001

G20

NS

NS

G21
G22
G23

.123464
NS
-41.38232

0.005
NS
0.000

G24
G25
G26
G27
G28

57.00601
NS
.0184658
NS
NS

0.000
NS
0.029
NS
NS
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Description
Regional Land Urbanization
State Smart Growth Plans
Joint Land Use Studies
Proximity to Metropolitan Statistical
Areas
Presence of a Sustainability Plan
Length of Sustainability Plan
Aggressiveness of Sustainability
Goals

Coefficient Coefficient
Value
G29
NS
G30
-70.53922
G31
NS
G32
NS
G33
G34
G35

NS
.3797212
NS

P
Value
NS
0.000
NS
NS
NS
0.004
NS

For the Y6 model, 12 of the independent variables statistically predicted the
relationship. These variables were statistically significantly predicted the Sustainability
Index, p < .005, F(12, 25) = 8.17, R2 = 0.7969, Adjusted R2 = 0.6994.
With a F-value of zero to four decimal places, the model is statistically significant
and therefore, these 12 independent variables reliably predict the dependent variable,
Sustainability Index.
The R-squared is 0. 7969, meaning that approximately 80% of the variability of
the Sustainability Index is accounted for by the variables in the model. In this case, the
adjusted R-squared indicates that about 70% of the variability of the Sustainability Index
is accounted for by the model, even after taking into account the number of predictor
variables in the model. The coefficients for each of the variables indicates the amount of
change one could expect in the Sustainability Index given a one-unit change in the value
of that variable, given that all other variables in the model are held constant.
A negative coefficient implies it has a positive effect on sustainability. Based on
the data, the following observations are made:
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Policy Statement (G2): Installations with policy statements will tend to have an
increase in their sustainability index.
This observation is interesting because it is contrary to the results of the 5 models
which shows none of the models proved to have a statistically significant correlation
between the variables.
Electrical Price Structure (G23): Installations located in regions where there are
the deregulation of electrical prices will have a positive effect on its sustainability index.
The price structure for electricity demand and delivery indicates whether the
commodity has been deregulated and is thus more susceptible to market distortion such
as price instability and availability fluctuations. This indicator affects the availability and
price of electricity to an Army installation. Smart Growth Plans (G30): If an installation is
located in a state that has smart growth plans, the prospects are good that there will be
positive effect on the sustainability index.
The presence of a state smart growth plan is important because smart growth
legislation can reduce sprawl and decrease the growth of urbanized land surrounding a
military installation. The potential encroachment caused by sprawl and urban
development can affect the type and intensity of training that can take place on the
installation. Installations that are located in states with Smart Growth Plans will benefit
from the state’s initiative in its sustainability efforts.
Table 23 shows the Sustainability Index (S2) for the 38 installations. Figure 9
spatially shows the relative location of the installations and whether they are considered
sustainable or not sustainable according Sustainability Index (S2). There appears to be no

177

major regional patterns comparing the installations that are sustainable and not
sustainable as both are relatively evenly dispersed across the county. But as we take a
closer look, there appears to be a slight tendency to have the northern installations (Fort
Wainwright, AK, Fort Lewis, WA, Rock Island Arsenal, IL, Tobyhanna Army Depot,
PA, Fort Drum, NY and West Point, NY) to be less sustainable. This could be due to
colder winters requiring more energy consumption compared to the more southern
installations. In addition, the installations within a 125 mile radius of Washington, DC
(Letterkenny Army Depot, PA, Aberdeen Proving Ground, MD, Fort Detrick, MD, Fort
Mead, MD, Fort Belvoir, VA and Fort Lee, VA) tend to be more sustainable. Perhaps this
is due to the proximity to our nation’s capital and the strong political ties to those
installations.

Figure 9: US Map of Sustainable and Not Sustainable Installations According to the Sustainability Index (S2)
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Summary of Data Set
As a result of the multiple regression analysis, there were 42 stepwise calculations
where both forward and reverse regressions had a level of significance of ≤ 0.05% or
less. Table 20 summarizes the results.

Table 20: Stepwise Multiple Regression Summary

Of the 35 independent variables, 27 (77%) had at least one level of significance of
≤ 0.05% or less across the five dependent variables. Three of the 35 (8%) independent
variables had a total of 3 statistically significant results (see bottom row of Table 22).
They are Annual Mean Total Precipitation (X18), Regional Population Density (X26) and
Smart Growth Plans (X30).
Nine of the 35 (26%) independent variables had a total two of statistically
significant results. They are Mission (Materiel) (X4), Mission (Training) (X5), Mission
(Forces) (X6), Built Area (X9), Infrastructure (Mission) (X10), Water Quality (X15),
Electrical Price Structure (X23), Regional Population Density (X28), and Aggressiveness
of Sustainability Goals (X35) had a total of two statistically significant results.

179

Fifteen of the 35 (43%) of the independent variables had one statistically
significant results.
Net Zero Installations
Eleven installations in this study are participating in the Army’s Net Zero
Initiative. Fort Bliss and Fort Carson are focusing on energy, water and waste; Fort
Detrick is focusing on energy and waste; Fort Lewis on water and waste; Sierra Army
Depot and West Point on only energy; Aberdeen Proving Ground, Fort Riley and
Tobyhanna Army Depot are focusing on water; and Forts Hood and Polk on only waste.
Out of the eleven installations and three media areas (Energy, Water, Waste),
there were 28 results (percent changes) that were reviewed to determine if the percentage
was negative (i.e. further reducing the amount of energy and water consumed and waste
disposed) or positive (i.e. increasing the amounts). Of these, 21 (75%) of the media areas
were shown to be reducing the amount of waste, water and/or energy. Table 21 shows the
results. This could indicate that installations participating in the Army’s Net Zero
Initiative tend to be successful in reducing further their consumption of energy and water
and waste disposal and becoming more sustainable. Indeed, 7 of the 11 (64%)
installations have a negative sustainability index which implies a positive effect on
sustainability.

Table 21: Percent Change of Net Zero Installations

Net Zero Installation
Fort Detrick

Sustainability Media Area
Index (SI2)
-26.4
Energy
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Percent Change
(F)-72 (V)-16

Net Zero Installation

Sustainability Media Area
Index (SI2)
Waste

Sierra Army Depot
West Point
Aberdeen Proving Ground
Fort Riley
Fort Lewis

3.83
.49
-35.66
-23.85
1.79

Tobyhanna Army Depot
Fort Hood
Fort Polk
Fort Bliss

12.14
-54.84
-11.24
-31.72

Fort Carson

-30.92

Energy
Energy
Water
Water
Water
Waste
Water
Waste
Waste
Energy
Water
Waste
Energy
Water
Waste

Percent Change
(S)-15 (H)-72
(F)-3 (V)-17
(F)-4 (V)-21
-7
6
-2
(S)-41 (H)194
-11
(S)-97 (H)183
(S)55 (H)4
(F)-27 (V)-34
3
(S)-69 (H)-75
(F)-17 (V)-17
-4
(S)-83 (H)73

Key:
F = Facility Energy V = Vehicle Energy
S = Solid Waste H = Hazardous Waste

On the other hand, 27 installations in this study are not participating in the
Army’s Net Zero Initiative and are pursuing their sustainability goals through the
Installation Sustainability Planning process discussed in Chapter 1. When comparing the
sustainability indices of the Net Zero installations with the Installation Sustainability
Planning process installations, 64% of the Net Zero installations show a further reduction
in their energy, waste and/or water; while 70% of the Installation Sustainability Planning
process installations have further reduced their energy, waste and/or water. Table 22 lists
the Net Zero installations with the Sustainability Planning process installations along
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with their respective sustainability index values. A negative sustainability index implies a
positive effect on sustainability in that it is reducing the amount of energy and water
consumed and waste disposed.

Table 22: Sustainability Indices of Net Zero (NZ) and Sustainability Planning (ISP) Process Installations

Installation

Sustainability Index

NZ/ISP

Aberdeen Proving Ground

-35.66

NZ

Fort Bliss

-31.72

NZ

Fort Carson
Fort Detrick
Fort Hood
Fort Lewis
Fort Polk
Fort Riley
Sierra Army Depot
Tobyhanna Army Depot
West Point
Anniston Army Depot
Dugway Proving Ground
Fort AP Hill
Fort Belvoir
Fort Benning
Fort Bragg
Fort Campbell
Fort Drum
Fort George G. Meade
Fort Greely
Fort Huachuca
Fort Irwin
Fort Jackson
Fort Knox
Fort Leavenworth
Fort Lee

-30.92
-26.4
-54.84
1.79
-11.24
-23.85
3.83
12.14
.49
-35.66
-1.58
-15.57
-43.77
-37.57
39.40
-46.61
2.62
-22.22
-47.21
-21.45
-20.73
-19.98
-5.24
64.95
-30.47

NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
NZ
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
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Installation

Sustainability Index

NZ/ISP

-7.56
-24.82
4.91
-7.16
142.49
-13.98
67.53
65.42
-2.24
-30.82
39.36

ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP
ISP

Fort Leonard Wood
Fort Rucker
Fort Sill
Fort Stewart
Fort Wainwright
Letterkenny Army Depot
Redstone Arsenal
Rock Island Arsenal
USAG Hawaii
White Sands Missile Range
Yuma Proving Ground

The data shows the installations utilizing the Installation Sustainability Planning
process tend to be more successful in reducing their energy and water consumption and
waste disposal compared to the Net Zero installations. This could be due to the fact that
the Installation Sustainability Planning process is more mature than the Net Zero
initiative and has had more time to perfect the methodology. However, the Net Zero
initiative may have future success due to the senior level visibility in Washington
compared to installations not participating in the initiative. Senior leader visibility means
possibly more Army funding for sustainability initiatives, influencing behavior at the
installation to where commanders would prioritize sustainability projects, or local
congressmen and woman jumping on the bandwagon and earmarking congressional funds
to their local installations to gain constituent approval. Indeed, the current
administration’s emphasis on green government through Executive Orders is indicative of
high level government support for sustainability.
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CHAPTER FIVE: RESULTS OF QUALITATIVE ANALYSIS

A series of semi-structured interviews of installation personnel were performed. .
The questions were sent to the participant so the interviewee could start to prepare
responses or at least put their thoughts together. The interviews were scheduled to not
exceed 1 hour permitting time in between the prepared questions for the opportunity to
ask supplementary questions, to clarify points and ask for more detail where necessary.
The questions were asked of each interviewee in a systematic and consistent order, but
allowing the opportunity to digress in order to probe beyond the answers to the prepared
questions. With permission of the interviewee, the interview were electronically recorded
and later transcribed providing a protocol for detailed analysis.
A total of eight installations, or 21% of the installations, were selected for
interviews. There were 2-3 individuals from each installation interviewed equating to
approximately 20 interviews in total. The preference for individuals to be interviewed
were the installation commander or their deputy, director of public works, the
sustainability coordinator and/or the environmental coordinator -- or other key personnel
with the insight and knowledge of the installation's sustainability program.
The interviews were recorded (with permission of the interviewee) and
transcribed using a word processor. The transcripts were coded using a word processor to
notate statements that are linked to one of the categories (independent variables). This
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information was indexed showing the transcript page number, a brief verbatim excerpt of
the statement, and the applicable category

Analysis of Interviews
Transcripts of the interviews were generated and data reduction was accomplished
by content analysis to pick out patterns, common threads or commonalities in the
interviews. A word search was performed on 26,879 transcribed words using each of the
35 independent variables as key words. Results of the content analysis shows 10 of the 35
(29%) independent variables were used during the interviews in various frequencies.
Appendix A shows the details of the content analysis. The table below summarizes the
results.

Table 23: Summary of Content Analysis

Y1
Y2
Y3
Y4
Y5
Y6
Y10
Y11
Y12
Y13

Category

Independent Variable

Installation
Installation
Installation
Installation
Installation
Installation
Installation
Installation
Installation
Hydrology

Organizational Structure
Policy Statement
Operating Budget
Mission (Materiel)
Mission (Forces)
Mission (Training)
Infrastructure (Mission)
Infrastructure (Quality)
Infrastructure (Quantity)
Level of Development (Hydrology)
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Frequency
4
13
13
8
4
4
4
1
1
3

The Phase II quantitative analysis was then compared with the Phase III
qualitative analysis. Comparing the summary of the multiple regression analysis (Table
20) with the content analysis (Table 23) showed a number of commonalities. Nine out of
10 (90%) independent variables discussed in the Phase III qualitative analysis were
shown to have statistically significant results in the Phase II quantitative analysis. Those
independent variables are Organizational Structure, Operating Budget, Mission
(Materiel), Mission (Forces), Mission (Training), Infrastructure (Quality), Infrastructure
(Quantity) and Level of Development.
In addition to comparing the Phase II and Phase III analyses, an examination was
performed on each of the independent variables shown in Table 23 on the transcribed
excerpts in search of commonalities, themes or common threads or keywords followed by
the interpretation of the underlying context. The following summarizes the results:
Organizational Structure
• It was inconclusive as to who had the lead for sustainability, whether it was
the Plans Analysis and Integration Office, Director of Public Works or Chief
of the Environmental Office, as to the success of failure of the sustainability
program.
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•

The installations with strong leadership support for sustainability used the
Environmental Quality Control Committee (EQCC) 11 as the leadership forum
to monitor and support the installation sustainability program.

Policy Statements
• The presence of policy statements varied between installations – some had
statements, some did not.
•

It did not appear that policy statements had an impact on the success or failure
of an installation’s sustainability effort.

•

Many installations that did have policy statements had them integrated in the
installation’s Environmental Management System (EMS) policy statement.

Operating Budget
• By in large, the most frequent point is that installations do not have separate
sustainability budgets. All sustainability activities are funded by other funding
– operating costs, Army Working Capital Funds, base operations, energy
grants, recycling funds, etc.
•

Due to budget cuts across the federal government, installations find it
increasingly difficult to find funding to support sustainability efforts. If a
sustainability project involves costs savings; for example, an energy project
that will reduce energy costs, then the project is likely to be supported.

11

The EQCC assists the Garrison Commander in the formulation of policies for the protection,
preservation and enhancement of the environment. The EQCC is composed of the Garrison Commander
and other senior leaders of the installation, usually at the directorate level.
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However, the Army requires a relatively short return on investment (6-8
years) in order for the project to be approved.
Mission
• Mission success and activities that support the mission are priorities at the
installation, i.e. supporting the mission trumps any efforts in sustainability and
energy reduction. If sustainability supports the mission, then it is considered
an enabler.
•

Priority funding goes towards the mission of the installation. Sustainability is
secondary.

•

Some installations have more than one mission. For example, there could be a
training mission (TRADOC) taking care of training the soldiers while the
installation’s mission (IMCOM) 12 focuses on the wellness and quality of life
of the soldiers and their families. In this case, there are two competing
commanders – the mission commander and garrison commander who
sometimes lack fusion.

Infrastructure
• Updating infrastructure inherently supports sustainability. For example,
replacing leaking water lines saves water. The installation of solar panels uses
less energy from the grid. Replacing leaking steam lines saves energy.
•

In general, the privatization of installations has improved infrastructure and
saves energy and water and supports sustainability.

12

Installation Management Command
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Level of Development
• The transcripts shows no real common thread or theme regarding this
independent variable.
Other Commonalities
There were other common threads not associated with the 35 independent
variables and they are summarized as follows:
•

Command support is important to keep the sustainability initiative moving
forward. Garrison Commanders rotate every two to three years. However, the
Deputy Commander (a civilian) is in a long term position who generally does
not rotate in and out during their career and can provide leadership continuity
and stability to the installation’s sustainability program.

•

If a deputy commander does not support sustainability, then the commander
most likely will not support it as well.

•

Frequently, sustainability efforts are occurring but no one considers it
sustainability. LEED building standards, energy reduction, infrastructure
upgrades and recycling, are examples.

•

Army initiatives support sustainability – The Residential Communities
Initiative (RCI) 13 is an effort that built energy efficient and cost effective
residential homes. The Base Closure and Realignment Commission (BRAC) 14

13

RCI is a partnering effort between the Army and the private sector that builds residential communities
for soldiers and their families on installations.
14
BRAC has oversight of the closing and realignment of DoD bases and facilities. During realignment,
gaining installations receive funds for construction of new buildings, facilities and infrastructure.
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has also been a way for installations to build energy efficient and cost
effective buildings and infrastructure.
•

The Army’s Net Zero (Water, Waste, and Energy) initiative is the ‘new’
sustainability initiative. Some installations feel that the past ISSP process
(described in Chapter 2) has been replaced by the Army’s Net Zero initiative.
In fact, some installation senior leaders have directed their staff to focus on
the Net Zero initiative rather than on the former ISSP process.

•

Some installations feel that to actually achieve true net zero, in water use,
energy consumption and waste generation, is not possible. However, they
consider them stretch goals which is advantageous in regards to setting
challenging and aggressive goals. If they come up short, that could be
considered acceptable and a means to develop strategies to reduce waste,
water and energy that otherwise may not have occurred if the net zero
initiative was never developed.

•

Cost savings is important to the garrison commander. If sustainability and
energy savings lead to cost savings, then that means there is more funding
available to support the mission.

•

Many interviewees believed the perception of sustainability being an enabler
or an impediment is determined by what position one sits in or what activity
one represents. For example, the training operation activity is responsibility
for keeping the tank maneuver trails open for tank training. If the installation
conservation officer shuts down the tank trail so they can perform sustainable
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erosion and sedimentation control mitigation, then the training officer will
perceive sustainability as an impediment to their training mission whereas the
conservation officer will consider sustainability an enabler allowing the
reconstruction of the tank trail and reducing or eliminating the loss of soil due
to erosion control measures. The person responsible for the energy report
wants to see the energy numbers go down and the worker in the shop just
wants to have the lights on so he can do his job. The worker really doesn’t
care what the electricity costs.
•

Enablers are partnerships with the private sector, the Army’s Net Zero
initiative, privatization of utility services, sustainability plans, EQCC, and
having a qualified energy manager.

•

Installations that have low landfill tipping fees, low electric rates, and low
water rates find these as impediments as it does not provide economic
incentive to set waste, water and energy sustainability goals. The bottom line
for many installations is cost savings and they will seek the most inexpensive
means to complete their mission.

•

Tenant activities sometimes impede sustainability efforts as they are not under
the auspices of the garrison commander.

Summary
•

The installation’s priority is supporting the mission

•

If sustainability efforts supports the mission, then sustainability it is
considered an enabler.
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•

Senior leaders at the installation can influence the success of sustainability.
When a new commander comes arrives and knows little about sustainability,
the other senior leaders (deputy commander and directors) should continue the
continuity of support.

•

Privatization and normal maintenance and upgrading of infrastructure is
sustainable even if not considered to be a sustainability project. For example,
replacing leaking water lines saves water and replacing leaking steam lines
saves energy.

Discussion of Hypotheses
The results of the quantitative and qualitative analyses of this research was
compared with the eight hypotheses listed in Table 4 (Chapter 2).
H1: Installations that have clear sustainability policy and mandates and are
provided with sufficient resources, will be more successful in reaching their sustainability
goals.
H1 Discussion: The quantitative analysis shows little to no correlation between
the dependent and independent variables in regards to policy statements and resources or
budget and therefore this hypothesis is not supported by the multiple regression analysis.
Regarding the qualitative analysis, the results of the content analysis showed
independent variables Policy Statement and Operating Budgets were frequently discussed
during the interviews. However, transcripts show policy statements did not have a
significant influence on the success of the sustainability efforts. In addition, installations
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do not have sustainability budgets, per se, but fund their programs from other installation
funding. The results of the analysis do not support this hypothesis.
H2: Installations that have good measurable metrics will be more successful in
reaching their sustainability goals.
H2 Discussion. Neither the quantitative or qualitative analyses shows any
correlation between the dependent and independent variables.
However, Net Zero installations have very aggressive goals which are achieving
net zero water use, energy consumption and waste generation to zero by the year 2020.
These installations tended to have sustainability indices which implies a positive effect on
sustainability. Therefore, this hypothesis is supported by the analysis.
H3: Installations that have the staff responsible for overseeing the sustainability
efforts who report directly to the Command Group will have greater success of meeting
their sustainability goals than installations that have the sustainability lead in lower
echelons of the organization.
H3 Discussion. The quantitative analysis shows little to no correlation between
the dependent and independent variables in regards to organizational structure and
therefore this hypothesis is not supported by the analysis.
Qualitatively, the results of the content analysis showed the independent variable
Organizational Structure occasionally discussed during the interviews. However,
transcripts show a mixture of opinions as to whether having the sustainability staff who
directly report to the commander positively impacts the installation’s sustainability
efforts.
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Therefore, both the quantitative or qualitative analyses shows little to no
correlation between the dependent and independent variables and therefore this
hypothesis is not supported according to the analysis.
H4: Installation commanders that have a written policy in place emphasizing the
importance of sustainability at the installation will have better success of meeting their
sustainability goals than installations that do not have a written policy.
H4 Discussion. The quantitative analysis shows no correlation between the
dependent and independent variables in regards to Policy Statement and therefore this
hypothesis is not supported by the multiple regression analysis.
Qualitatively, the results of the content analysis showed the independent variable
Policy Statement frequently discussed during the interviews. However, the content of the
interviews regarding policy statements provided no conclusive evidence that the presence
or lack of policy statements led to the success or failure of the installation sustainability
goals.
H5: The mission of the various Army commands, will impact the success of the
installation in pursuing their sustainability goals.
H5 Discussion. The quantitative analysis shows a correlation between the
dependent and Materiel, Forces and Training mission independent variables, but not the
Research mission variable.
In addition, the content analysis show Materiel, Forces and Training mission
independent variables, but not the Research mission variable.
This hypothesis is supported based on the quantitative and qualitative analysis,
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H6: The high operational tempo from the Nation's Global War On Terror impacts
the installation's mission causing sustainability goals to be less a priority and failure
more prominent.
H6 Discussion. As described in Chapter 3, the dependent variables were designed
to be normalized to show equality across all installations no matter what the size, mission
or population of the installation. Therefore, if the operational tempo of an installation
increases causing a surge in population (e.g. civilian workers, contractors, soldiers and
the families) or energy and water consumption, the normalization of the data will regulate
the percent change of the dependent variables. The design of the dependent variables
makes it difficult to determine if the Nation’s Global War on Terror impact the
installation’s mission.
However, if we look at the missions of the installation, the ‘Forces’ mission tends
to represent the operational tempo of an installation. The Forces mission is to prepare the
Army's conventional forces to provide a sustained flow of trained and ready land power
to combatant commanders in defense of the nation at home and abroad. These
installations are responsible for unit mobilization, deployment, redeployment and
demobilization. These are the installation impacted by the operational tempo stemming
from the Global War on Terror.
Based on the data, 13 of the 38 installations are Forces mission related. Of the 13
Forces installations, 10 (77%) have a positive sustainability index. This shows that the
installations that would be most impacted by the Global War on Terror, are not impacted
by the operational tempo and are, in fact, becoming more sustainable.
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Furthermore, based on the data, the Forces mission could reliably predict Facility
Energy Consumption (Y1) and Water Consumption (Y5).
Therefore, the quantitative analysis shows the operational tempo from the Global
War on Terror does not negatively impact the sustainability efforts of the installation.
H7: Installations with aging, substandard and decaying infrastructure will impede
progress of an installation in meeting its sustainability goals.
H7 Discussion. The quantitative analysis shows correlations between all three
Infrastructure independent variables (Mission, Quality and Quantity).
Qualitatively, the results of the content analysis shows all three Infrastructure
independent variables (Mission, Quality and Quantity) were discussed during the
interviews. The content of the interviews show that infrastructure upgrades due to BRAC
and privatization has led to less energy consumption at installations.
Therefore, the quantitative and qualitative analysis supports this hypothesis.
H8: Installations located in areas of abundant renewable energy (e.g. wind power
in the Midwestern states and solar power in the Southwestern states) will be more
successful in reaching their energy reduction goals than installation not located in those
areas.
H8 Discussion. Neither the quantitative or qualitative analyses shows any
correlation between the dependent and independent variables and therefore this
hypothesis is not supported by either analysis.
H9: The organizational characteristics of an installation will influence the
sustainability of an installation.
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H9 Discussion. Of the 5 models used as analysis in this research, 4 models show
the organizational characteristics do influence the sustainability of an installation. The
Facility Energy (Y1) and Water Consumption (Y5) models were the strongest and are
shown as reliable predictors of how sustainable an installation is when evaluating the
nature of the various organizational characteristics. The Energy Consumption and (Y2)
and Solid Waste (Y3) models were moderately effective in showing how organizational
characteristics influence the sustainability of an installation. The Hazardous Waste model
(Y4) is not a reliable method of predicting the sustainability of an installation.
As a result, certain organizational characteristics, can indeed, influence the
sustainability of an installation and this hypothesis is supported by these facts.
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CHAPTER SIX: CONCLUSION

This dissertation began with a discussion of the unsustainable state we live in
where the Earth’s major life-supporting resources are declining, while at the same time
human consumption of, and pressure on, those resources continues to rise. The literature
review found a plethora of terms and definitions of sustainability showing there are many
ways the term has been applied and defined. The literature also shows a variety of
sustainability theories, frameworks and models. Some frameworks are more overarching,
universal frameworks for large entities while others are more at the 'micro-level' focusing
on specialized areas, disciplines, products or commodities.
The U.S. Army took the approach of sustainability at their installations by
integrating the Installation Sustainability Planning process which addresses long-range
mission, community, and environmental issues and priorities at a specific installation.
This research focused on 38 Army installations and the sustainability initiatives
each one took to become more sustainable. The approach for executing this research was
a case study of the Army installations that have proceeded through the Installation
Sustainability Planning process and/or the Army’s Net Zero initiative. An analysis of
selected installations was made to determine if the subject installations were making
progress in reaching their sustainability goals related to the reduction of water
consumption, waste disposal and energy use. Government databases were used to collect
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water, waste and energy data from the selected installations and statistical analysis used
to determine trends in the data. These trends show whether an installation is succeeding
or failing in meeting its sustainability water, waste and energy goals.
This research was executed in three phases. Phase I was a quantitative analysis
directed to the dependent variables. Phase II was also a quantitative analysis directed to
the regression analysis of the dependent variables (installation waste, water and energy
reduction) and independent variables (installation organizational and environmental
attributes). Phase III consisted of a qualitative analysis where personnel from selected
installations were interviewed.
Based on this research, the following is a summary of observations,
recommendations, potential opportunities for future research, and finally, the main
conclusion.

Interviews
The interviews played an important role to this study. One can collect and analyze
a plethora of quantifiable data and manipulate it in an infinite number of ways. But in the
end, they are simply numbers that tell a story. While quantitative analysis is important,
certain knowledge or experiences cannot be meaningfully expressed by numbers
generated from a mathematical model or statistical software. These interviews provided a
means of accessing unquantifiable facts about actual people and their understandings and
perceptions of sustainability. Having the opportunity to interview individuals at the
installation that are managing or overseeing the sustainability program provided rich and
invaluable insight to the nature of their sustainability efforts. The stories told during the
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interviews provided a better understanding of the challenges and successes of these
individuals that are so dedicated to make their installations more sustainable.
Recommendation:
For future studies regarding installation sustainability, researches should
interview key installation personnel in order to provide more granularity into the Army’s
sustainability story. In addition, installation site visits would be advantageous to gain a
better perspective on the successes and challenges installations are experiencing and to
get a firsthand look on sustainability projects installations are initiating in order to reach
their sustainability goals.

Models
The statistically strongest models used in this research were the Facility Energy
(Y1) and Water Consumption (Y5) models. However, installation sustainability managers
should consider all the models used in this research (except the Hazardous Waste
reduction (Y3) model) in their effort to become more sustainable.
Recommendation:
In their efforts to reduce energy consumption, installations should focus on
ensuring the amount of infrastructure is adequate and well suited for the mission. They
should also focus on developing aggressive sustainability goals. Finally, they should
consider an organizational change so the person in charge of the installation sustainability
program reports directly to the Commander.
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Recommendation:
In order to reduce water consumption, installations should have a sustainability
plan and develop aggressive goals. Installations that are not part of the 17 Net Zero pilot
installations should consider voluntarily participate in this initiative. The Net Zero
initiative has aggressive goals that, according to the water consumption model, may lead
to a reduction in water use.
The Hazardous Waste Model (Y4) reflects what could be expected -- that
installations have been executing waste minimization for a long time and continues to do
so. Solid waste is a function where the amount can be reduced by an installation, for
example increasing its recycling program, and making people more conscience on what
they purchase. However, hazardous waste is not driven by sustainability policy, or
volunteering, but is driven by federal and state regulations. The Resource Conservation
and Recovery Act (RCRA), enacted in 1976, is the principal federal law in the United
States governing the disposal of hazardous waste. Hazardous waste generation is mission
driven and not much of a sustainability initiative will be able to change the amount of
hazardous waste an installation generates. Army installations have been minimizing the
generation of hazardous waste since RCRA was enacted. Waste minimization is the law
and this model indicates that installations are doing the best they can in waste
minimization. The conclusion of this model may reflect that RCRA and waste
minimization is working.
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Recommendation:
Even though the Hazardous Waste Model shows no correlation between the
variables, installations should continue to reduce their hazardous waste generation to the
maximum extent, whenever and wherever possible.

Variables
Of the 35 variables, a number of them tended to influence the reduction of the
energy, waste and/or water and therefore sustainability managers should consider
working those variables to the installations’ advantage. On the other hand, there are some
variables that did not influence the reduction of energy, waste and/or water so
sustainability managers should not devote time and resources to pursue those actions.
Installation Attributes
The following is a discussion of the most noteworthy installation attributes.
Policy Statement
It is difficult to surmise as to whether policy statements affect the installation’s
ability to become more sustainable. Of the 5 models, none of analyses proved to have an
acceptable level of significance for policy statements. In addition, the results of the
interviews were inconclusive as there was a mixture of opinion as to the value of policy
statements. However, the Sustainability Index (S2) model (Y6) did show that installations
with policy statements will tend to have an increase in their sustainability index.
Recommendation:
Army headquarters or commands should not require stand-alone mandatory
policy statements in an effort to reach sustainability goals, but should leave it to the
discretion of the installation commander. However, at a minimum, the installation’s
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Environmental Management System’s mandatory policy statement should include a
sustainability statement.
Mission
According to this research, the mission of the installation may very well
determine how sustainable the installation is. According to the Sustainability Index, the
installations with Forces missions are most sustainable and installations with the Material
missions are the least sustainable. The breakdown of sustainable installations by mission
is as follows: 77% of the Forces installation are sustainable; 75% of the Research
Development, Technology and Evaluation installations are sustainable; 69% of the
Training installations are sustainable; and 33% of the Materiel installations are
sustainable.
This could be due to the history of the Army’s sustainability efforts as well as the
nature of the mission. The Installation Sustainability Planning process was an initiative
created by Forces Command in 2000. All Forces command installations were encouraged
by their senior leaders to embrace sustainability and participate in the process. Since the
genesis of Army sustainability began with these installations, it is logical that they would
be more sustainable than the non-Forces mission installations.
Regarding the Materiel mission installations -- they only recently started
participating in their sustainability efforts and their results may not have seen fruition yet.
In addition, these are industrial installations where they require large volumes of
electricity, petroleum and water to maintain operations. The nature of these industrial
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installations also causes them to produce large amounts of waste that requires
management.
Recommendation:
Materiel installations should follow the successful lead of the Forces, Research
and Training installations and continue to pursue sustainability goals with vigor.
Hydrology
There were little to no relationships between the regional hydrology of the
installation and the waste, energy and water reduction. One would tend to surmise that
groundwater depletion would have an impact on an installation’s attempt to reduce water
consumption, particularly in arid parts of the county, but the data did not lead to that
conclusion. Perhaps the reason could be that installations in arid areas have already done
the best they could in reducing water consumption (e.g. planting native vegetation that do
not require watering, installing low flow faucets and showerheads, low capacity toilets
and waterless urinals). In addition, a number of the installations interviewed stated that
water in their locale is inexpensive and there is not much of a financial incentive to
seriously reduce water consumption.
Climate
Of the climate variables, Average Mean Total Precipitation was the one variable
that showed a number of statistically significant results. However, the coefficients were
relative weak suggesting that precipitation really has no effect on the reduction of waste,
water or energy of an installation.
However, as with hydrology one would tend to assume that the amount of total
precipitation an installation would receive would have an impact on its attempt to reduce
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water consumption, but the data did not lead to that conclusion. As with groundwater
depletion, installations in arid areas may have already done their best in reducing water
consumption.
Energy
There was little to no correlation between the energy variables and the reduction
of waste, water or energy. One were surmise that one or more of the variables (grid
capacity, deregulation or net metering) would influence, at a minimum, facility energy
consumption, but the data did not lead us to that conclusion. As with hydrology, some
installation personnel interviewed stated that the price of electricity is so low that it is
more cost effective to purchase power at its current rate rather than make capital
investments in energy efficient alternatives (e.g. insulation, green roofs, solar & wind
power, high efficiency air conditioning and heating units).
Political
This study set out to determine if the political environment could impact the
success or failure of an installation meeting its sustainability goals. Theoretically, state
and local policies and regulations can support or dissuade an installation in their
sustainability efforts. However, the data shows no indication that the state’s political
environment influences an installation’s sustainability efforts.
Encroachment
State Smart Growth Plans
Of all the encroachment variables, State Smart Growth Plans appear to have an
impact on the reduction of waste and energy at an installation. Three of the 4 models
showed significant correlations between the variables. In addition, the Sustainability
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Index (S2) model (Y6) showed that installation located in states with Smart Growth Plans
have a good probability of being more sustainable.
The presence of a State Smart Growth Plan is important because smart growth
legislation can reduce sprawl and decrease the growth of urbanized land surrounding a
military installation. Installations that are located in states with Smart Growth Plans will
benefit from the state’s initiative in its sustainability efforts.
Recommendation:
If an installation resides in a state that does not have Smart Growth Plans they
should encourage their respective state delegators to introduce legislation in order to
develop these plans.
Installation Sustainability Plans
Presence of plan
Installations Sustainably Plans provides a roadmap as to where the installation is
and where they are going as they pursue to be more sustainable.
Recommendation:
Installations should develop some kind of plan in their efforts to become more
sustainable.
Length of Plan
The results show the length of plan has no bearing on the success or failure of an
installation reaching its sustainability goals.
Recommendation:
Installations should not concern themselves with the length of the plan. Keep it
brief and succinct.
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Aggressiveness of Goals
The research shows the more aggressive the goals, the more likelihood the
installation will reach its sustainability goals. This study indicated that installations that
have aggressive sustainability goals tend to see a reduction in the amount of water
consumed. For example, an installation could have developed a non-aggressive goal such
as “We will reduce the amount of water used annually to the year 2020”. Technically, as
long as the trend of water use is reduced by a half of a percent per year, the installation is
reaching its water reduction goal. On the other hand, one of the Net Zero goals is to
achieve net zero water use by the year 2020, is a very aggressive goal.
Recommendation:
Installations should develop aggressive sustainability goals, similar to the Net
Zero goals (e.g. the installation will achieve net zero waste by 2025).

Institutional and Environmental Factors
The 35 independent variables can be broken down into two factors: Institutional
and Environmental. Institutional factors can somewhat be controlled by the Army -- e.g.
organizational structure, writing policy statements, funding, developing sustainability
plans and making aggressive sustainability goals. Environmental factors cannot be
controlled by the Army – e.g. groundwater depletion, temperature, precipitation, annual
degree days, regional population density, etc.
Recommendation:
The Army should focus on the factors they can control to become more
sustainable. For example, according to the Facility Energy model (Y1), in order to reduce
facility energy, the installation should have the sustainability manager report directly to
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the commander and have aggressive sustainability goals. According to the Water
Consumption model (Y5), the installation should have a sustainability plan and aggressive
sustainability goals. Installation sustainability managers should take these models and
make the changes with the institutional factors as applicable in order to foster
sustainability. .

Net Zero Initiative
The Army’s Net Zero Initiative may be the “strategy of the future” for the Army
in pursuing its sustainability goals. The Installation Sustainability Planning process began
in 2000 and paved the way towards the Army’s sustainability efforts. The Installation
Sustainability Planning process was a bottoms up approach -- i.e. the genesis of the
initiative was at the installation level. Subsequently, this effort spread across to more than
35 installations. An important feature of the Installation Sustainability Planning process is
that it is voluntary. Installations were never required to pursue sustainability. The senior
leaders at Army headquarters recognized and encouraged installations to pursue
sustainability, but did not provide guidance or funding to sustain the effort.
The Army’s Net Zero initiative began in April 2011. The initiative takes a top
down approach – i.e. Army senior leaders in Washington provide guidance and technical
assistance to installations. Indeed, Assistant Secretary of the Army for Installations,
Energy and Environment, the honorable Katherine Hammack, is a strong advocate of the
Net Zero initiative. Since 2011, her office provided technical assistance to 17 pilot
installations and one state-wide Army National Guard energy pilot, striving towards Net
Zero energy, water, waste or all three. Even though the 17 pilot installations volunteered
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to pilot the initiative, they are under the watchful eye of Army headquarters and want to
show success to their senior leaders.
In addition to senior level support, perhaps another advantage the Net Zero
initiative has over the Installation Sustainability Planning Process in the future is that
these installations focus on a maximum of 3 goals (energy, water, and waste) whereas the
Installation Sustainability Planning Process developed from 5 to as many as 12 goals. So
many goals could make it difficult for sustainability managers to focus resources (money
and manpower) on the entire sustainability program at the installation.
Recommendation:
Installations interested in pursuing sustainability, should commit themselves to
the Army’s Net Zero initiative.
Through time, the Installation Sustainability Planning Process may lose its
momentum and give way to the Net Zero initiative due to the senior leader support and
visibility. All of this may lead the researcher to surmise that the Net Zero initiative may
eventually be a better, more successful strategy for the future.

Measuring Sustainability
Measuring the success of an installation’s sustainability efforts has always been
difficult for the Army. The sustainability index is a measure of overall progress towards
environmental sustainability.
The axiom ‘you cannot manage what you cannot measure’ is applicable to any
organization seeking to be more sustainable. In general, sustainability successes have
been measured by reaching objectives and targets while pursuing a certain goal. The
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sustainability index developed in this study is a quantifiable method of measuring
sustainability.
The sustainability index is designed to allow any of the media areas (energy,
waste, water) to be weighted. If an installation commander feels energy is more
important, then that part of the equation can be weighted more than the others.
The sustainability index provides a composite profile of installations based on a
compilation of indicators derived from underlying datasets. The index used in this study
could be valuable to any private or public entity who are seeking to be more sustainable
and are in need of a tool to measure their success. In addition, this index could contribute
to other research in the area of sustainability.
Recommendation:
Installations, as well as the others in the public and private sectors, should utilize
the sustainability index method to measure their quest to becoming more sustainable.

Social, Environmental, Economic Aspects
There are three components of sustainability: social equity, economic, and
environmental 15. This study addressed the environmental component extensively. And
during the interview process, the economic element was discussed. On the other hand, the
social aspect was not discussed or analyzed with this research. For future research, the
social aspect should be an integrated part of the analysis.

15

Chapter 1 also refers to the triple bottom line as “People, Profit, Planet” and/or “Mission, Community,
Environment”.
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Future Research
The results of this study leads the researcher to potential opportunities to further
refine and enhance the study of sustainability, not only at Army installations, but also
other private and public sector entities and to assist in their pursuit to be more
sustainable. The following examples should be considered to further enhance this
research.
Interviews
For future studies regarding installation sustainability, researches should
interview key installation personnel in order to provide more granularity into the Army’s
sustainability story. In addition, installation site visits would be advantageous to gain a
better perspective on the successes and challenges installations are experiencing and to
get a firsthand look on sustainability projects installations are initiating in order to reach
their sustainability goals. Finally, Army senior leaders in Washington should be
interviewed to gain their perspective on the Army’s sustainability efforts.
Expand Scope of Study
The scope of this study consisted of 38 installations under the management of the
Army Installation Management Command and Army Materiel Command within the
continental United States, Alaska and Hawaii. Future research could be expanded to
include Army installations located overseas (e.g. Europe, Japan and South Korea), the 54
Army National Guard states and territories and US Army Reserves facilities.
Furthermore, the researcher could consider Air Force, Navy and Marine Corps bases.
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Data
The data set available at the time of this research ended in 2012. Statistical
analysis could be executed again using updated data, either 2014 or 2015 data, whichever
is available. More current statistical trends and results could be analyzed to determine the
most current sustainability efforts at the installations.
Social Aspect of Sustainability.
For future research, the social aspect of the Triple Bottom Line should be an
integrated part of the analysis. This could consist of education and training of installation
personnel (military, families, government employees and contractors) as well as the
neighboring community. Installation outreach to the community could be part of future
studies as well as the consideration of local (sustainable) procurement of goods and
services (e.g. buying local foods and produce) and the quality of life of the military, their
families and other installation personnel. The sustainability index lacks the important
social aspect to sustainability and should be considered for future research.
LEED
LEED, or Leadership in Energy & Environmental Design, is a green building
certification program that recognizes best-in-class building strategies and practices. The
Army requires LEED Silver certification for new construction. For future studies, the
researcher could analyze the priority put on LEED principles for military construction
and the constraints on the spending of new military construction compared to old
construction.
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Sustainability Index and Net Zero
When comparing the sustainability index of Net Zero installations to Installation
Sustainability Planning Process installations, a statistical comparison should be made to
determine the mean reduction of the two indices. A statistical comparison could be made
which analyzes the mean reduction of the sustainability index of the Net Zero and
Installation Sustainability Planning Process installations where you look at the mean to
determine if one mean is greater than the other and to what degree of confidence one can
make. The results could show if the Net Zero or Installation Planning Process approach is
more successful for this dataset.
Additional Dependent Variables
In addition to energy, waste and water reduction, other dependent variables could
be analyzed to determine the impact they would have from the independent variables.
Additional variables could be air emissions (tons of Sulphur dioxide, nitrogen oxides,
volatile organic compounds, carbon monoxide, and particulate matter), green or
sustainable acquisition purchases, miles of bike lanes and walking trails constructed, or
food goods purchased from locally produced growers. Baseline and end year data would
need to be collected for additional analysis.
Sustainability Leaders and Perception
The researcher should determine how much the people make the difference in the
success or failure of an installation pursuing sustainability. The researcher should
continue the qualitative analysis and see if it is the ‘mover and shakers’ that influence the
success of an installation. In addition, not only is it the people that make the difference,
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but it could also be how people perceive the particular sustainability initiative and why
they are, or are not, jumping on the sustainability bandwagon.

Main Conclusion
The results of this research leads us to surmise that the Army has been somewhat
successful in its effort to become more environmentally sustainable. Based on the metrics
used in the study, 68% of the Army installations are more sustainable from their base
year (the year they started their sustainability efforts) to 2012. With its Net Zero
initiative, the Army could well be on its way to becoming even more environmentally
sustainable.
The Sustainability Index used in this study could be valuable to any organization
seeking to be more sustainable and are in need of a tool to measure their success. This
index could contribute to other research in the area of sustainability.
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APPENDIX A

Dataset: Base and End Years; Sustainability Indices; Dependent Variables
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Dataset: Installation Independent Variables:
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Dataset: Hydrology Independent Variables:
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Dataset: Climate Independent Variables
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Dataset: Energy and Political Independent Variables
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Dataset: Encroachment Independent Variables
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Dataset: Installation Sustainability Plans
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Content Analysis Results
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