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is report is the result of collective efforts of many individuals. Special
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Regina Ostergaard-Klem
Associate Professor 
Global Leadership and Sustainable Development
College of Natural and Computational Sciences
Hawai‘i Pacific University

Regina Ostergaard-Klem holds a Ph.D. in Systems
Analysis and Economics for Public Decision Making
from e Johns Hopkins University. She is an Associate Professor of En-
vironmental Science in the College of Natural and Computational Sciences
at Hawai‘i Pacific University. 

Dr. Ostergaard-Klem teaches in both the Environmental Science/Studies
program at the undergraduate level and the master’s program in Global
Leadership and Sustainable Development. Her teaching is concentrated
in the fields of environmental economics, ecological economics, industrial
ecology, environmental policy, and natural resource management. Given
her interests in sustainability and urban environmental management, she
is currently involved in construction of a rain garden on the Hawai‘i Loa
campus. Her research interests are focused on alternative measures for so-
cial welfare, and the nexus between the two disciplines of ecological and
environmental economics. 

Dr. Ostergaard-Klem was a Fulbright Fellow in Poland, during which time
she conducted research for her dissertation. Aer completing her Ph.D.,
she was a Science and Diplomacy Fellow for the American Association for
the Advancement of Science in Washington DC. Prior to moving to
Hawai‘i, she worked as an environmental policy advisor at the US Agency
for International Development, working on urban environmental and en-
ergy programs globally. 

Kirsten L.L. Oleson
Assistant Professor 

Ecological Economics
Department of Natural Resources & 

Environmental Management 
University of Hawai‘i 

Kirsten Oleson is an Assistant Professor of Ecological
Economics at the University of Hawai‘i Ma-noa. She holds a Ph.D. from
Stanford’s Interdisciplinary Program in Environment and Resources.
Prior to joining the University she was a Fellow with Stanford’s Public Pol-
icy Program, a National Science Foundation Postdoctoral Fellow studying
social-ecological systems in Madagascar, and a World Bank staff member. 

Natural capital, such as land, water, and biodiversity, supports human
well-being, yet this crucial capital is depleted and degraded because it is
generally unaccounted for in standard decision-making frameworks. Dr.
Oleson’s research addresses this by integrating economics and the envi-
ronment along three related tracts:

• Building “green accounting” methods to improve the metrics we use to
signal economic “progress.” ese accounting tools seek to include en-
vironmental and social changes, e.g., loss of forested land or gains in ed-
ucation, rather than myopically focusing on the economy’s productive
sector. ey also aim to track global impacts of consumption. 

• Linking watershed-scale ecological modeling with economic models to
assess the outcomes of resource development alternatives. 

• Studying coastal communities’ natural resource management.
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is report entitled Towards a Green Economy: Introducing the
GPI to Hawai‘i highlights the special topic of the Genuine
Progress Indicator (GPI). GPI is a measure of social welfare that
was developed in 1995, and complements the traditional measure
of Gross Domestic Product (GDP). While GDP measures eco-
nomic growth, GPI is a more holistic measure of economic, so-
cial, and environmental factors. GPI adjusts GDP by deducting
environmental and societal costs, such as pollution or depletion
of non-renewable resources, that result from that growth. 

Currently, nine applications of GPI exist at the national, state,
and/or county level within the US. Hawai‘i offers a unique and
remarkable context in which to further demonstrate the policy
relevance and benefits of GPI. So to further explore this possibil-
ity, in August 2012 we formed a working group consisting of
members from Hawai‘i Pacific University, College of Natural and
Computational Sciences (HPU CNCS) and University of Hawai‘i,
Department of Natural Resources and Environmental Manage-
ment (UH NREM). is report showcases the initial phase in the
HPU-UHM team’s application of GPI to the state of Hawai‘i. e
HPU-UHM team plans to expand and refine this baseline GPI
model over the coming years, with the long-term goal of moving
towards greener and more sustainable accounting practices and
decision making for Hawai‘i.

Approach
e GPI model tracks a set of
twenty-six economic, environ-
mental, and social indicators.
For our baseline survey, we used
the platform provided by the
Maryland GPI, the first state
government-led GPI initiative
and the most comprehensive ap-
plication to date. Of the twenty-
six indicators, we concentrated
our initial efforts on only those
ten indicators that reflect envi-
ronmental changes, such as
water pollution, land use
changes, personal pollution
abatement, and replacement of
non-renewable resources. We
used readily available, publicly
accessible data at the state and
local level when available, or
proxy data at the national level

when needed. We surveyed the literature for relevant valuation
studies, particularly those related to Hawai‘i, and adopted valu-
ations specific for the state when possible. For each indicator, we
matched the biophysical measures of environmental change with
dollar estimates of the cost of those changes based on prior val-
uation studies. e result is a dollar amount for each environ-
mental indicator, making it possible to see trends and relative
costs across indicators and gain a sense of the magnitude of cu-
mulative costs.

Findings
e figure below shows the relative costs across nine environ-
mental indicators (we chose to exclude air pollution costs in the
initial phase) using a base year of 2000. According to GPI calcu-
lations, in 2000 the state faced environmental degradation esti-
mated at over $6.2 billion (2000 USD), or close to $6,000 per
capita for that year. Of the estimated total, $5.1 billion can be at-
tributed to the depletion of nonrenewable energy resources. e
disproportionate distribution highlights the fact that Hawai‘i is
one of the most oil-dependent states in the nation. is number
underscores the environmental and social cost of nonrenewable
energy such as fossil fuels instead of renewable sources such as
wind and solar.

Environmental costs in year 2000 [million 2000 USD]
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Summary
In addition, average costs were calculated for each of the envi-
ronmental indicators for the time series of data available. ese
results reinforce the relative magnitude of costs across indicators
as well as the disproportionate contribution of the depletion of
non-renewable resources.

Most of the indicators trend upwards in costs over the years for
which data were available. For example, the cost of noise pollu-
tion has risen as Hawai‘i has urbanized; costs to avoid pollution
have risen as population has grown; and more costs have been
incurred each year due to increasing farmland loss since 1984
and forest loss since 2001. A notable exception to this persistent
upward trend is ozone, for which costs have gradually ap-
proached zero due to international policy phasing out ozone-de-
pleting substances.

Conclusions
Our provisional findings show that economic growth in the pro-
ductive sectors of the economy, which is what is typically reflected
in GDP (and similarly Gross State Product or GSP at the state
level), comes at a cost of environmental depletion and degrada-
tion. Furthermore, the findings show the relative magnitudes of
these typically unaccounted for costs.

We used the GPI framework to locate numerous sources of data
across state and federal agencies, and compiled the data to form
a baseline inventory. is baseline will be the foundation for a
full-fledged GPI exercise in the coming years. While this exercise
has gathered some initial data on many of the key components
of GPI, it also revealed a number of data and knowledge gaps.
For those data gaps identified, we defined related research needs.
Further efforts will seek to find sources of not only the biophys-
ical measures associated with the changes to the environment,
but also the monetary values related to those environmental
goods and services. Ideally, the data to fill those gaps will exist or
be generated at the local level.

While we believe that GPI provides useful and relevant informa-
tion for numerous reasons, we acknowledge some shortcomings
in our preliminary results due to limitations of the model. Be-
cause the model uses data from various sources with varying de-
grees of certainty, we agree that this is not a precise number.
Instead, the model is used to paint a more complete picture of
trends in social welfare and environmental conditions that are
not otherwise captured in measures such as GDP. Assigning dol-
lar values to non-market goods like those provided by the envi-
ronment is inherently difficult, yet relative values are

inadvertently incorporated into the decision making process re-
gardless of this difficulty. e GPI model strives to use the best
peer-reviewed and locally relevant valuation studies available. 

Other issues arise because of the scope of this first phase. We fo-
cused only on the environmental indicators. e data we gath-
ered vary in quality and availability across time. Furthermore, we
used Maryland as the platform for our work in Hawai‘i. To ad-
dress these issues, our future efforts will utilize the complete
model by incorporating social and economic factors. Data will
be better estimated across time periods. Further refinements will
strengthen the local Hawaiian context by adding indicators of en-
vironmental and cultural significance and striving to locate
and/or generate more data locally. For example, we propose
adding a new indicator for coral reefs to capture their economic,
cultural, and environmental significance in Hawai‘i. By adopting
local valuations, excluding mainland costs not applicable to
Hawai‘i, and adding representation for ecosystems unique to the
state, we are confident in GPI’s applicability and relevance to
Hawai‘i.

Recommendations
Our preliminary results include the illustration of policy rele-
vance, development of a data repository, identification of data
trends as well as gaps, and recommendations to further refine the
model and the data that feed into it. Based on these results, the
HPU-UHM team recommends the following actions:

• Disseminate the results of the first phase of GPI-Hawai‘i;

• Complete the remaining components (both social and 
economic) within the GPI framework;

• Further refine the components of the GPI model to better 
reflect local priorities and conditions;

• Search for applicable data and evaluation studies that are 
generated locally;

• Connect GPI to other Hawai‘i initiatives and priorities;

• Use the framework of GPI to engage Hawai‘i state agencies
and other stakeholders in data collection; and

• Encourage Hawai‘i state agencies to look more holistically at
their goals (environmental, social, and economic) and refine
them if needed.
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Endangered Hala Pepe, Kona, Hawai‘i 
– Yvonne Yarber Carter ©

We are pleased to present the 2012 Hawai‘i State Environmental
Council Annual Report, which provides a snapshot of the issues,
challenges, and accomplishments of the Environmental Council
(EC) and the Office of Environmental Quality Control (OEQC)
in monitoring the progress of state, county, and federal agencies
in achieving the state’s environmental goals and policies.

e protection of our environment is critical for sustaining
Hawai‘i for future generations. is report includes highlights of
various initiatives supporting the environment and improving the
implementation of Hawai‘i Revised Statutes Chapter 343, which the
EC and OEQC hope to move forward in the coming year.

e subject of this year’s annual report is green accounting utilizing
Genuine Progress Indicators (GPI). We worked with Professor
Regina Ostergaard-Klem from Hawai‘i Pacific University and Pro-
fessor Kirsten Oleson from the University of Hawai‘i to bring their
special focus and cutting-edge research to your attention.

It is our hope that this ‘pilot study’ lays the foundation for a stan-
dardized method for measuring the true health of the economy; an
innovative process to incorporate economic, environmental and so-
cial factors; a visioning for future data collection and environmental
accounting; and a valuable policy evaluation and potential budget-
ing tool. Green accounting using GPI provides opportunities for
collaboration between government agencies, academia, the private
sector, and the public to improve the quality of our environment. 

Much Aloha,
Malia Akutagawa

Azita Quon

2012 Annual Report 
Committee Chairs
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introduction to the Environmental Council

Old Trees – Bruce Behnke ©

Purpose of the Annual Report
e Environmental Council (EC) and the Office of Environ-
mental Quality Control (OEQC) were created in 1970 and
codified under Hawai‘i Revised Statutes (HRS) Chapter 341.
e purpose of HRS Chapter 341 “is to stimulate, expand
and coordinate efforts to determine and maintain the opti-
mum quality of the environment of the State.” is annual
report is provided in compliance with HRS Chapter 341‐6:
“e council shall monitor the progress of state, county, and
federal agencies in achieving the State’s environmental goals
and policies and with the assistance of the director shall
make an annual report with recommendations for improve-
ment to the governor, the legislature, and the public no later
than January 31 of each year.”

e Environmental Council
e Environmental Council shall serve as liaison between the
Director of the OEQC and the general public on issues con-
cerning “ecology and environmental quality.” e EC consists
of 14 dedicated and conscientious volunteers appointed by the
Governor and confirmed by the Hawai‘i State Legislature, and
the Director of the OEQC, who serves as an ex officio member.
Members of the EC represent “a broad and balanced repre-
sentation of educational, business, and environmentally per-
tinent disciplines and professions, such as the natural and
social sciences, the humanities, architecture, engineering, en-
vironmental consulting, public health, and planning; educa-
tional and research institutions with environmental
competence; agriculture, real estate, visitor industry, con-
struction, media, and voluntary community and environ-
mental groups.” (HRS 341‐3 (c)) e EC holds HRS Chapter
343 rule‐making powers. It also reviews and provides con-
currence on agency exemption lists. e EC may make rec-
ommendations concerning ecology and environmental quality
to the Director of the OEQC.
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Mary Steiner, Chair 
Mary Steiner has chaired the Environ-
mental Council since 2010. She re-
cently le e Outdoor Circle aer 20
years as its CEO and now serves as the
Hawai‘i Campaign Manager for the
non-profit Compassion and Choices,
an organization that works to improve

care and expand choice at the end of life. Mary’s goals with
the Environmental Council include helping OEQC to ob-
tain proper levels of funding, providing support to the
Rules Committee to update and revise the rules, and de-
mystifying the environmental review process so that the
grassroots, project proponents, and developers alike are
able to understand the procedures and not fear them.
Mary strongly believes that a strong economy goes hand-
in-hand with a healthy environment and one doesn’t have
to be at the expense of the other. She said, “I have never
worked with such dedicated individuals as this year’s
council members. Each member is willing to roll up his
or her sleeves and jump right in. ey make my job as
chair fun and easy.”

Gary Gill, 
Acting Director OEQC
Gary Gill was born and raised in Hon-
olulu and educated in the Hawai‘i Pub-
lic School system. He served on the
Honolulu City Council for two terms,
including two years as Chair. In 2011,
Governor Neil Abercrombie appointed

Gary as Deputy Director for the Environment in the De-
partment of Health. Gary previously served as the Direc-
tor of the OEQC and as Department of Health’s
Environmental Deputy during the Cayetano administra-
tion. He is currently Acting Director of the OEQC. Prior
to returning to state government, Gary worked in various
non-profit community organizations, including the Sierra
Club, Ko-kua Kalihi Valley and Blue Planet Foundation.
Gary and his wife, Susan, have been married for 25 years.
eir daughter, Lorin, is attending the American Univer-
sity in Washington, DC, and their son, Darian, is in the
8th grade at Kawa-nanakoa Middle School in Honolulu.

Malia Akutagawa
Malia Akutagawa is currently with the
University of Hawai‘i at Mänoa
William S. Richardson School of Law –
Ka Huli Ao Center for Excellence in
Native Hawaiian Law and
Hawai‘inuiäkea School of Hawaiian
Knowledge. She is also the President

and Founder of Sustainable Moloka‘i, a non-profit focus-
ing on creating an environmentally, economically, and cul-
turally sustainable island that serves as a model for Hawai‘i
and the world. She was Director of the Moloka‘i Rural De-
velopment Project, which provides workforce training and
supports rural economic development initiatives in col-
laboration with the University of Hawai‘i, and public, pri-
vate, and non-profit partners. Malia worked as a reviewer
with the Environmental Center and as an attorney with
the Native Hawaiian Legal Corporation. She contributes
to the Council through her legal expertise and background
as a Hawaiian cultural practitioner with a strong affinity
for the ‘a- ina.

Mark R. Ambler
Mark Ambler has been a member of
the Environmental Council as of May
2012. Born and raised in Kailua,
Hawai‘i, he received degrees from
‘Iolani High School and the University
of Illinois at Urbana-Champaign.
Mark’s career has been devoted to pur-

suit of innovative and sustainable environmental engineer-
ing. He is a Professional Engineer registered in the State of
Hawai‘i and a Project Management Professional. ese cer-
tifications represent a history of technical and leadership
training as well as professional experience. He has cham-
pioned implementation of sustainable concepts, such as
Green Roofs and Green and Sustainable Remediation in
Hawai‘i, and has had the opportunity to share those posi-
tive examples across the country. “I don’t agree with use of
the environmental review process as a tool initiated by spe-
cial interest groups to impede smart planning and devel-
opment. Rather, I see it as an opportunity to properly
prepare for and mitigate all of the factors that are effected
by the action.”

David Atkin
David Atkin has been an environ-
mental planner for over 30 years, the
last 20 of which have been in Hawai‘i.
David sees the State’s environmental
review process as essential, but is con-
cerned that, “its implementation
doesn’t match our current circum-

stances.” David posits that we may well be “living at the
start of a new geological period, the ‘Anthropocene,’”
marked by “tremendous change wherein the conse-
quences of past environmental practices will be increas-
ingly evident.” David is Chair of the Environmental
Council’s Exemption Committee. He sees his role as
helping the Council to focus on substantive issues re-
garding the environment to “achieve a more responsive
system.”

Scott Glenn
Scott Glenn is an environmental
planner at Cardno TEC, Inc. He re-
ceived his Master’s Degree in Urban
and Regional Planning from the Uni-
versity of Hawai‘i in 2009, where he
was a graduate assistant for the
statewide study of Hawai‘i’s environ-

mental review process. He specializes in environmental
review and climate change adaptation planning and
lends his expertise as Chair of the Environmental
Council’s Rules Committee. Scott is leading the Coun-
cil’s current effort to modernize the EIS administrative
rules.

Koa Kaulukukui
Koa Kaulukukui, Esq., was raised in
Puna on Hawai‘i Island. Koa earned
her Bachelor of Arts Degree through
University of Hawai‘i’s Environmental
Center and a Juris Doctorate and Cer-
tificate in Environmental Law from
the William S. Richardson School of

Law in 2006. She has since worked as an associate attor-
ney for Earthjustice and a policy advocate for the Office
of Hawaiian Affairs. She currently assists with managing
OHA’s landholdings and focuses on ceded land issues. As
a member of the Environmental Council, Koa hopes to
help shape environmental policy that ensures a robust
future for our keiki without compromising the cultural
and natural resources of our islands.

Shannon Mears
Shannon Mears, Esq., is a graduate of
Brigham Young University - Hawai‘i
and the University of Hawai‘i William
S. Richardson School of Law. Cur-
rently, Shannon works as a Research
Attorney for the Legislative Reference
Bureau at the State Capitol. Shannon

hopes to bring his legislative draing skills to the Envi-
ronmental Council’s Rules Committee to make the envi-
ronmental review process clear and predictable for all
stakeholders. As a member of the Council, Shannon feels
it is a privilege and responsibility to first and foremost
protect the environmental health of Hawai‘i while ensur-
ing the economic ability of its people to remain here into
perpetuity.

Charles Prentiss, Ph.D.
Charles Prentiss is an urban planner,
city manager, and a retired city plan-
ner with the City & County of Hon-
olulu. He holds degrees in economics,
city planning, and government man-
agement. He is a former Executive
Secretary of the Honolulu City Plan-

ning Commission, a Vietnam veteran pilot, and a retired
Lieutenant Colonel of the Hawai‘i National Guard. Chuck
is also President of Hawai‘i’s ousand Friends and Chair-
person of the Kailua Neighborhood Board. Chuck’s pro-
fessional experiences motivate him to promote
environmental protection. He possesses a strong belief in
the necessity for citizen participation in government. For
him, “Participation aids in government openness and hon-
esty, and provides a countervailing force to special inter-
ests in government decisions. In Hawai‘i, the environment
is our economy.”
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environmental Council
Azita Quon
Azita Quon has a broad range of ar-
chitectural experience in Hawai‘i and
the Pacific Rim in the areas of master
planning, design, and architecture of
hospitality, and high-rise mix-use res-
idential, educational, courthouse, and
institutional buildings. She is a li-

censed architect and a LEED Accredited Professional with
a Master’s Degree in Business Administration from the
University of Hawai‘i. “As an architect, I understand the
complex relationship between architecture and the natu-
ral environment. e built environment impacts how we
live and the quality and well-being of our community. It
is so critical that the two co-exist and integrate harmo-
niously. I am excited about the future of design with green
initiatives and approaches to development and architec-
ture. ere is a great momentum for a green and sustain-
able Hawai‘i and I am excited to be a part of it.”

John Richards
John Richards was born and raised on
a cattle ranch on the Big Island of
Hawai‘i. He has been intimately in-
volved with agriculture and natural re-
source management for most of his
life. John has lived in different parts of
the world for both schooling and mil-

itary service, which lent him a unique perspective on sus-
tainable land and resources use. As the sixth generation of
his family in Hawai‘i, John has very deep roots and a desire
to see the islands thrive. For him, “e Council offers the
opportunity to help the systems that protect the islands.
A careful balance must be found to ensure business has
what it needs to function well, while protecting the spirit,
lands and people of Hawai‘i. Laws and their application
can either make us greater or limit our potential. e
Council has the opportunity to facilitate the former.”

Iris Terashima
Iris Terashima is a licensed engineer
and principal of ITES, a Hono -
lulu‐based consulting firm specializing
in environmental risk management.
She is a “local girl” (graduate of Waia-
lua High School), with degrees in
Chemical Engineering and Informa-

tion Systems, and has worked as an environmental engi-
neer in Hawai‘i and the Pacific for over 20 years. She shares
an enthusiasm for service on the Environmental Council
and wants to do her “share and ‘pull with the team’ to pro-
tect Hawai‘i’s environment for future generations.”

Glenn Teves
Glenn Teves has been a County Exten-
sion Agent with the University of
Hawai‘i College of Tropical Agricul-
ture and Human Resources on
Moloka‘i for the last 30 years, where he
provides technical assistance to farm-
ers and organizations on Moloka‘i. He

presently serves on the boards of the University of Hawai‘i
Professional Assembly and the Moloka‘i Community
Services Council. He is actively involved in water and land
use issues on Moloka‘i, and was a member of the Water
Working Group convened by the Department of Land and
Natural Resources and the Maui Community Plan Review
Advisory Committee. He is a Hawaiian Home Lands
farmer in Ho‘olehua and grows banana, taro, and assorted
fruits and vegetable for the local market. “What makes
Hawai‘i special are its people, its island communities, and
its unique environment. ese are intertwined and are
part of a whole, and must be nurtured and protected. is
only comes through deliberate and diligent planning.”

Marjorie Ziegler
Marjorie Ziegler joined the Environ-
mental Council in 2011. She grew up,
and still lives in Ka-ne‘ohe, O‘ahu. She
has worked in the non-profit, envi-
ronmental sector for the past 30
years, including The Nature Conser-
vancy of Hawai‘i, Earthjustice (previ-

ously Sierra Club Legal Defense Fund), KAHEA: The
Hawaiian-Environmental Alliance, and, since 2003, as
Executive Director of the Conservation Council for
Hawai‘i. CCH is a membership organization established
in 1950 and dedicated to protecting native Hawaiian
plants, animals, and ecosystems for future generations.
Marjorie brings a grassroots activist and wildlife conser-
vation perspective to the Council.

e Office of Environmental Quality Control (OEQC) was es-
tablished in 1970 to help stimulate, expand and coordinate ef-
forts to maintain the optimum quality of the state’s
environment. e OEQC implements Hawai‘i Revised Statutes
(HRS) Chapter 343, which governs the environmental review
process. Office planners review hundreds of environmental dis-
closure documents and respond to thousands of inquiries each
year from both the public and the private sectors. Twice a
month, the OEQC publishes e Environmental Notice which
announces the availability of Environmental Assessments and
Environmental Impact Statements undergoing public review.
e OEQC staff also provides support to the Environmental
Council regarding amendments to the administrative rules, ex-

emption lists, and the Council’s annual report. e OEQC is at-
tached to the Hawai‘i Department of Health for administrative
purposes.
e OEQC Director provides advice and assistance to private
industry, government agencies, and community groups regard-
ing HRS Chapter 343. e agency is also empowered by law to
conduct research, develop legislative initiatives, do public out-
reach, and recommend programs for the long‐range implemen-

tation of environmental quality control.

the OEQC

OEQC staff (le to right) Leslie Segundo, Environmental
Health Specialist, and Herman Tuiolosega, Planner.

Planner Genevieve G. Hilliard joined the
OEQC in 2012.
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ity Control. Under the leadership of Gary Hooser, the basic functions
of the environmental review process were sustained and improved.
Staff revised the guidebook that helps the public, private applicants,
and government agencies navigate the law, rules, and procedures of
environmental disclosure. We sponsored workshops to train and ed-
ucate stakeholders in the environmental review system. Improve-
ments were made to the Environmental Notice to make it easier to
read and understand. e office supported the smooth functioning
of the Environmental Council as this hard-working team of volun-
teers tackled its work reviewing and approving exemption lists, re-
vising the rules, craing this annual report, and other tasks. Goals
and strategic actions were identified in a professionally facilitated re-
treat for staff and council members.

As summer ended, Gary Hooser stepped aside as OEQC Director to successfully pursue a different form of
public service as a member of the Kaua‘i County Council. In his absence, I have been temporarily assigned to
manage the office. 

During my time as acting director, we have permanently hired new planning staff and solidified the office team.
We have begun efforts to dramatically improve the look and functionality of e Environmental Notice. We are
seeking funds to take the next step in information technology that will make all environmental review documents
available and searchable in a digital library.

In early 2013, we expect that Governor Abercrombie will appoint a new director for the office and this momen-
tum of progress will continue with each new day.

With Aloha,

Gary Gill

Deputy Director
Environmental Health Administration
Hawai‘i State Department of Health
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Where does the time go? e Environmental Council had a busy and
extremely productive year. e Exemption Committee has cleared
its backlog of exemption requests and is moving forward with its rec-
ommendations on revisions to the rules as they affect exemptions.
e Rules Committee held several long and fruitful meetings, at which
committee members reviewed the current rules and discussed proposed
revisions. e Rules Committee has held several long and fruitful
meetings where its members review the current rules and discuss
proposed revisions. ey are doing a fabulous job by attempting to
reach a diverse group of consultants, agencies and advocates in order
to develop clear and concise rules. Both of these committees provide
notice of their meetings, and the public is invited to participate.

e Council also has instituted some changes. Aer our summer re-
treat, we added another committee. e purpose of the Information/Outreach Committee is to communicate
to the public and agencies issues about 343 compliance. is committee is in its infancy, and I am excited to re-
port that you will be hearing more about it over time. In addition, we have invited the University of Hawai‘i’s
Environmental Center to be a regular participant at our monthly meetings. David Penn, Environmental Center
faculty, has been helpful and active. He provides updates about the Center’s work, offers input to the Exemption
Committee on proposed exemption list revisions, and is helping the Rules Committee. We are all grateful for
the Environmental Center’s help.

is year’s annual report committee, working with Professor Regina Ostergaard-Klem from Hawai‘i Pacific Uni-
versity and Professor Kirsten Oleson from the University of Hawai‘i, has brought an entirely new focus and cut-
ting-edge research to this report. I hope you find the information on Genuine Progress Indicators as interesting
as I do. Working on the annual report is a difficult task, and our committee has been wonderful in bringing it
to fruition.

We receive support from many sources. Our Deputy Attorney General, Edward Bohlen, has played a helpful
role by advising me when I am not sure how to proceed. And I would be remiss if I didn’t give a huge mahalo
to both Gary Hooser and Gary Gill. “e Garys” have been supportive throughout the year. When Gary Hooser
went on leave to run for a position on the Kaua‘i County Council, Gary Gill stepped up. And finally I would
like to thank the OEQC staff. In addition to providing administrative help, they are always available to council
members for discussion and feedback. Of course, the staff also speaks to members of the public on topics con-
cerning environmental quality. Have a question? Just give them a call.

In conclusion, this year has been an active and busy one for the Environmental Council. It gives me great pleasure
to conclude that each council member brings a diverse point of view, is dedicated and willing to set aside personal
agendas, and is entirely committed to maintaining the integrity of the environmental review process. I want to
thank each of you and tell you know how much I appreciate the work you are doing. You make my job easy.
Mahalo nui loa!

With Aloha,

Mary Steiner, Chair, Environmental Council
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a report from the Environmental Council Chair



Scott Glenn

In 2012, the Rules Committee released its
first dra of proposed changes to
Hawai‘i’s EIS rules, Hawai‘i Administra-
tive Rules (HAR) 11-200. e dra is a
first step. It is the result of a year of con-
sultation the Rules Committee and Envi-
ronmental Council conducted with the
public and state and county agencies.
ese stakeholders identified a range of
issues that have become critical in the
functioning of the environmental review
process. Among these issues are cultural
impacts, supplemental environmental
impact statements, and public participa-
tion in the process. 

Aer the Rules Committee released the
dra, stakeholders offered a range of
comments on the proposed language, the
reasoning for the proposed language, and
alternative approaches. 

e Rules Committee thanks everyone
who has participated to date, sharing their
mana‘o, and especially their patience. 

In 2013, the Rules Committee will continue working on revising the administrative rules. It is reviewing the com-
ments it received and will reassess its approach and proposed language. It intends to release a revised dra in Summer
2013 for the public and government agencies to review and comment on. Following this, it will consider revisions
before beginning the process to formally update the administrative rules.
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Ko‘oloa‘ula – Ron Gingerich © 
Ko‘oloa‘ula is an endangered shrub found in native dry forests
on Maui, La-na‘i, and Hawai‘i.

‘Ohi‘a Lehua – Forest & Kim Starr ©
e distinctive shape and vibrant colors of the ‘o-hi‘a lehua add to the rich biological tapestry of native
plants and animals in Hawai‘i.



David Atkin

e major goals of the Exemption Committee this year have included the processing of exemption list modifications
appropriately and with stakeholder involvement, and also working on suggested improvements to the exemption
process for referral to the Rules Committee.

e Exemption Committee had a very busy 2012. We met 11 times and considered three exemption proposals this
year from: the Department of Land and Natural Resources for geothermal exploration; the City and County of Hon-
olulu Department of Environmental Services; and the County of Kaua‘i Department of Public Works and Depart-
ment of Parks and Recreation. In addition to processing exemption list proposals, we spent several meetings
discussing improvements that could be made to the existing rules pertaining to the exemption process. e kinds
of issues discussed included public notification of exemption determinations, whether a project must appear on an
agency’s exemption list to be exempt, duration of an exemption determination, and the creation of a new exemption
class for projects that are beneficial to the environment. e committee recommendations will be provided to the
Rules Committee in early 2013.

Goals for the coming year include support of rule changes to improve the exemption process and continued attention
to exemption list modifications submitted. 
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‘Olulu - Forest & Kim Starr ©

e endangered 
‘o-lulu, sometimes

referred to as
“cabbage on a

stick,” is one of the
most unusual and
interesting plants
of the Hawaiian

flora. Its Latin
name means 

“remarkable.”
‘O–lulu has a thick,

succulent stem
and is crowned by
a rosette of leaves

with a cream to
yellow cluster of

flowers, which has
a fragrance that

resembles mild
honeysuckle.
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Mark R. Ambler

e Environmental Council approved the establish-
ment of the Information and Outreach Committee on
November 15, 2012 based on the discovery of its need
to increase public outreach and strengthen stake-
holder involvement during interviews and discussion
at the June 28, 2012 retreat. 

e purpose of this committee will be to communi-
cate to the public and agencies Environmental Coun-
cil issues and Hawai‘i Revised Statutes Chapter 343
requirements (excluding legislative bills, which re-
main in the purview of the Legislative Committee).
By providing a structure for public interface, we will
be able to survey community concerns and increase
outreach to the stakeholders. e committee will look
at increasing opportunities with media, use of social
media, outreach to less populated areas, and by hav-
ing a presence at conferences.

In 2013, the committee looks forward to developing
goals, policies, and strategies. ree council members
have volunteered to serve on the committee and are
excited about the opportunity to identify and coordi-
nate different methods of outreach and initiate posi-
tive change.

Hibiscus Kokio 
– Forest & Kim
Starr ©

‘Ohai – Forest & Kim Starr ©

‘Awikiwiki – Forest & Kim Starr ©
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‘I‘iwi – Jack Jeffrey ©

e ‘i‘iwi was once one of the most common native
forest birds in Hawai‘i, but this spectacular bird has
disappeared from most of its former range and may
be listed as an endangered species.

‘Elepaio – Jack Jeffrey ©

e ‘elepaio is the guardian spirit of the kahuna kalai
wa‘a (canoe builder). In traditional times, if he observed
an ‘elepaio perched and pecking on a koa tree, it was
thought that the tree was filled with insects and was not
a good selection for a canoe.

Palila – Jack Jeffrey ©

e American Bird 
Conservancy has made the

palila one of its high-priority
species for bird conservation

work in Hawai‘i. e endan-
gered palila, which once lived
throughout the Hawaiian Is-
lands, is now clinging to less

than 5% of its range on
Mauna Kea on the Big Island of Hawai‘i. ABC’s goal is to increase the palila population to

at least 2,000 birds by 2023, by fencing and restoring its core breeding habitat, and engaging
in aggressive predator control. e two major factors affecting the palila population are

degradation of natural habitat by introduced sheep and goats, whose heavy grazing 
prevents regeneration of the bird’s native ma-mane forest habitat and predation 

by introduced predators.
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Introduction
Gross Domestic Product (GDP) is used to measure economic
activity within a nation as well as provide a standard for com-
parison of economic growth across nations. GDP was originally
developed solely as an indicator of economic health, but over
time its association with social welfare has grown. An increase
in GDP is now inextricably linked, whether implicitly or explic-
itly, with an increase in social welfare. Yet criticism from econ-
omists and policy makers alike has raised considerable
awareness of GDP’s inability to capture the nuances of social wel-
fare and wellbeing. 

GDP is an incomplete measure 
of social welfare
GDP, and similarly Gross State Product (GSP) at the state level,
measure the value of all goods and services that are produced by
an economy within its borders during a year. While increases in
GDP are generally associated with
the “healthy growth” of an econ-
omy, the measure fails to account
for many of the external costs of
that growth. Externalities like pol-
lution can result in human health
impacts and the degradation of
ecosystems services. Associated
costs (such as defensive expendi-
tures to avoid the negative impacts
of pollution or clean-up costs fol-
lowing environmental disasters)
actually add to GDP because those
expenditures contribute positively
to economic activity. In addition,
because GDP is calculated on a
yearly basis and focused only on
the short-term, it does not account
for depreciation costs of either the
man-made or natural capital ex-
pended to increase economic
growth. Moreover, non-market
costs that impact social welfare,
like loss of leisure time, are not
captured at all in GDP.

Although GDP lacks the ability to
capture social welfare, and was
never meant for such a purpose,

the measure continues to play a critical role in today’s policy
making. Yet as awareness of GDP’s limitations has grown over
the last few decades, so has the effort to develop alternative
measures to GDP. Building upon efforts since the 1970s, the
public policy think tank Redefining Progress introduced the
Genuine Progress Indicator (GPI) in 1995 (Talberth, et al.,
2007). GPI belongs to a category of alternative indicators using
accounting adjustments to GDP to correct for deficiencies. 

GPI is a more complete measure 
of social welfare than GDP
e GPI model is not intended to replace GDP or GSP, but to
give decision makers a more holistic view and gather more com-
plete information. e GPI model uses a diverse set of indicators
to represent economic, environmental, and social factors of well-
being. Although variations exist, the standard GPI model is
based on a set of twenty-six indicators (see Figure 1 below de-
picting the GPI model for Maryland). ese indicators derive
from previous studies and avoid double counting of impacts.

Figure 1. Maryland’s 26 GPI Indicators (Maryland State Government, 2010); 
also available at http://www.green.maryland.gov/mdgpi/indicators.asp
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(GPI) Introduction
Whereas GDP measures economic growth in the production
sectors of the economy, GPI measures the byproducts resulting
from broad economic activity. GDP and GPI have the same
economic starting point, but GPI is further adjusted to subtract
incidental costs or add unrecognized benefits to society that

are not traditionally captured. When the result of the GPI cal-
culation is compared with GDP, a divergence between the two
measures occurs, as illustrated in Figure 2 for the case of Mary-
land for the years 1980 to 2010 (Maryland State Government,
2010).

Figure 2. Maryland’s GPI vs. GDP 1980-2010 (Maryland State Government, 2010); 
also available at http://www.green.maryland.gov/mdgpi/mdgpioverview.asp)

e point at which divergence begins is the threshold point. e
deviation between the two measures raises the question of
whether economic growth in the traditional sense has actually
led to genuine social, economic, and environmental progress be-
yond the threshold point. 

GPI is an established methodology
GPI studies exist at both the national and sub-national levels,
across ten countries, including the United States. In the US,

Costanza, et al. (2004) pioneered the prospect of GPI at multiple
scales in their application to the state of Vermont. Other re-
searchers using GPI in the US are listed below. 

e most current GPI applications in the US include the states
of Maryland (Maryland, 2010) and Utah (Berik & Gaddis, 2011).
Further work in Vermont is currently in progress aer the Ver-
mont State legislature was the first US state to pass legislation in
May 2012 establishing GPI as a budgetary and decision making
tool (Demos, 2012).



Region Study Scale
United States Talberth et al. (2007) National
California Bay Area Genuine Progress 

Indicator (2006)
8 CA counties; City of San Francisco

Maryland Maryland Genuine Progress 
Indicator (2010)

State

Maryland Posner (2010) State; Baltimore County; Baltimore City
Minnesota Minnesota Planning Agency (2000) State
Ohio Bagstad & Shammin (2009) State; 17 OH counties; Cities of Akron 

and Cleveland
Utah Berik & Gaddis (2011) State
Vermont Costanza et al. (2004) State; Chittenden County; City of 

Burlington
Vermont Bagstad & Ceroni (2007) State; 7 VT counties

Table 1: Previous studies of the Genuine Progress Indicator (GPI) within the US, 
both national and sub-national scales (adapted from Posner & Costanza (2011)

genuine progress indicator
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Making the case for GPI
1. GPI relies on readily available data from existing sources

One of the strengths of GPI is that it relies on existing and pub-
licly available data across various institutions. In cases in which
data are not readily available at the local level, the model uses
proxy data from national sources or extrapolates data from ex-
isting trends. e goal of the model is to encourage better-in-
formed decision making with the resources that are available.
However, given the wide breadth of the twenty-six indicators,
the data are gathered from a range of disparate sources and may
vary in completeness and precision. Weaknesses and the efforts
to reconcile the data are documented accordingly and opportu-
nities to refine the data collection efforts in the future are noted.

2. GPI is measured in dollars

Once data are collected across indicators for each year, the model
aggregates the results into a single number with dollar units.
Economic indicators are already captured in dollar terms, but

the model must assign monetary units to environmental and so-
cial indicators to make aggregation possible. Depending on the
nature of the indicator, its value will either add to or detract from
GPI. An acre of wetlands, for example, is assigned an estimated
dollar value that represents what that acre contributes to society
in terms of biodiversity, flood control, or other ecosystem serv-
ices. If that acre is lost or destroyed, the associated value is de-
ducted from GPI.

Putting a dollar value on non-market goods and services, such
as those provided by a wetland, is inherently difficult, yet is crit-
ical to establishing relative worth among resources managed by
society. GPI relies upon valuation studies that investigate the di-
rect and indirect use values, as well as non-use or inherent value
of non-market goods. e model uses the best possible estimates
from peer-reviewed and nationally accepted valuation studies
(Maryland State Government, 2010).

Reporting GPI as a single number in dollar terms makes com-
munication with the public, comparison across applications of
GPI, and commensurability with other metrics much easier. Fur-
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(GPI) Introduction (Cont.)
thermore, that single number can be disaggregated to easily
track the overall contribution and status of each individual com-
ponent. For example, the overall GPI value provides guidance
at the macro level of policy making, while the subset of environ-
mental indicators can inform policy making across environmen-
tal issues. At the individual indicator level, for example the cost
of water pollution, the dollar value can be broken down further
to aid decision making about surface, ground, or coastal waters.

3. GPI tells a more complete story

In the end, the model provides not a precise number, but rather
a coarse estimate that is powerful enough to illustrate relative
magnitudes among indicators as well as general trends across
time. Results for the cost of non-renewable resource depletion
in a state heavily dependent on fossil fuels, for example, may
show a major deduction from GPI relative to other environmen-
tal indicators. e results may also illustrate a downward trend
over time as renewable energy becomes a larger proportion of
the fuel mix.

4. GPI provides an innovative framework for policy makers

e GPI framework calls for a process-oriented approach while
incorporating economic, environmental, and social factors into
the policy-making process. In many respects, the process is just
as important as the resulting product. In particular, policy mak-
ers can use the GPI framework to:

• Inventory and account for existing data across agencies;
• Provide a central repository for data across agencies;
• Facilitate collaboration among data owners;
• Envision future data collection efforts; 
• Communicate with the public and other stakeholders;

and
• Supplement other policy evaluation or budgeting tools.

A role for GPI in Hawai‘i (GPI-HI)
Each new application of GPI contributes to the standardization
of the model and provides for greater comparability across stud-
ies, but at the same time generates benefits for the associated
policy makers. Hawai‘i offers a unique and remarkable context
in which to demonstrate the policy relevance and benefits of
GPI. So to further explore this possibility, in August 2012 we
formed a working group consisting of members from Hawai‘i
Pacific University, College of Natural and Computational Sci-
ences (HPU CNCS) and University of Hawai‘i Ma-noa, Depart-

ment of Natural Resources and Environmental Management
(UHM NREM). Representatives from the State Environmental
Council and the Office of Environmental Quality Control
(OEQC) provided valuable input. Furthermore, the members of
the Environmental Council generously offered its 2012 Annual
Report as a forum for the wider dissemination of the results of
our efforts.

GPI-HI approach
e HPU-UHM team’s approach to developing the baseline
GPI-HI included the following steps:

• Review and evaluate previous GPI applications.
We used Maryland GPI as the primary model for the
baseline study for Hawai‘i. Maryland is the first state
government-led GPI initiative and the most 
comprehensive application to date. 

• Focus only on the environmental indicators for the
baseline GPI-HI. Of the twenty-six indicators, we fo-
cused initially on nine environmental indicators plus one
indicator (personal pollution abatement) normally
grouped with social indicators. Typically, environmental
indicators account for a large portion of the deductions
from GPI, e.g., approximately 30% of the divergence
from GSP in Utah was attributed to impacts within the
environmental indicators of the GPI model (Berik and
Gaddis, 2010).  

• Inventory readily available data and identify ongoing
collection efforts. Current environmental data collection
and reporting efforts span many agencies at the
city/county, state and federal levels. We used locally gen-
erated data when available, and data from other states or
the federal level as a proxy when necessary. 

• Gather existing valuation studies. While biophysical
data indicates changes in environmental conditions, val-
uation studies assign dollar figures to the loss or gain re-
sulting from those changes. We surveyed the literature
for relevant valuation studies, particularly those related
to Hawai‘i.

• Build a data repository. GPI’s structure helps to collect
and store data in an orderly fashion within a centralized
location. We used a series of Excel worksheets originally
developed by the Maryland GPI team as our platform.
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• Refine the model to better reflect local conditions. We
proposed adding a new indicator to capture the sub-
merged coastal systems, given their economic, cultural,
and environmental significance in Hawai‘i. 

• Identify data trends and data gaps. Once the spread-
sheet was updated with Hawai‘i data, we used Excel to
generate the trends across indicators. is exercise was
useful in determining data gaps, particularly those that
ideally should be filled with locally generated informa-
tion. 

• Provide recommendations for further actions and
next steps. Based on the outcome of the baseline study,
we recommended next steps leading to a more robust
model and ultimately better-informed decision making.

e findings from our baseline survey and the summaries of our
methods are included here, in the Environmental Council’s 2012
Annual Report. e final section of our report highlights the
overall losses calculated as part of the GPI-HI baseline. It also
includes our recommendations for further actions and next
steps. We hope that this report will provide useful information
to spur further discussions among policy makers and the public
alike about the continued role of GPI in Hawai‘i.

& & & & & & & & &

# GPI-HI Baseline Indicator  GPI-MD Indicator

1 Cost of water pollution #8

2 Cost of air pollution #9

3 Cost of noise pollution #10

4 Cost of net wetland change #11

5 Cost of net forest change #12

6 Cost of net farmland change #13

7 Cost of climate change #14

8 Cost of ozone depletion #15

9 Cost of non-renewable resource depletion #16

10 Cost of personal pollution abatement #20

11 Cost of submerged coastal systems loss N/A

Table 2. Environmental indicators included in the Hawai‘i GPI exercise
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Pa-‘u- o Hi‘iaka, Kaho‘olawe –
Forest & Kim Starr ©
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 1 Introduction to issue

e State of Hawai‘i contains almost 400 perennial
streams, which support over 150 native aquatic species,
including many endemic to Hawai‘i. ese streams also
hold a cultural value as they are fundamental to tradi-
tional Hawaiian society. Approximately 30% of average
annual rainfall in Hawai‘i ends up as streamflow
(DLNR, 2011), some of which feeds into fishponds, and
much of which carries suspended minerals and nutri-
ents to the ocean. 

Clean water in the form of streams, aquifers, bays, es-
tuaries, and ocean provide ecological services in the
form of clean drinking water, healthy fisheries, recre-
ation, aesthetics, increased property values, and healthy
aquatic life. Clean water is ultimately the foundation for
human life on these islands. As water becomes polluted
through excess nutrients, sediments, heavy metals, or
toxins, the costs that result are numerous. Examples in-
clude increased costs of treating drinking water, reduced
tourism, loss of recreation, costs associated with the de-
cline of fisheries, reduced property values, and the loss
of aquatic life and habitats.

e upland forested watersheds of Hawai‘i are immense
reservoirs of biological diversity. ey are responsible
for recharging critical underground aquifers, and supply
billions of gallons of surface water to agricultural, resi-
dential, and commercial sectors each year (Gutrich et
al., 2005). However, the degradation and reduction of
the Hawaiian rain forest have significantly impacted the
watersheds. Hawai‘i’s forested watersheds are under
great pressure from an increasing demand for water and
further environmental degradation due to feral and in-
vasive alien species. Management of the forested water-
sheds is crucial to protecting Hawai‘i's clean water
supply.

General trends
e quality of surface water extends to the quality of our
drinking water, the demand for which is perpetually in-
creasing. Municipal water resources and distribution
systems for each island are largely the responsibility of
the departments of water at the county level. In general,
each purveyor, with oversight by the Hawai‘i Depart-
ment of Health, ensures the potable water supply is in

compliance with maximum contaminant levels (MCLs)
as mandated by the US Environmental Protection
Agency (EPA). As of 2010, 99.9% of people in Hawai‘i
that were served with municipal drinking water re-
ceived water that was in compliance with MCLs
(Data.Hawaii.gov, 2012).

e State Water Code, Chapter 174C, Hawai‘i Revised
Statutes, established the Hawai‘i Water Plan as a guide
for implementing policy to address water supply and
conservation. Initially approved in 1990, the Hawai‘i
Water Plan is run by the Department of Land and Nat-
ural Resources, Commission on Water Resource Man-
agement. e Hawai‘i Water Plan consists of five
components:

1) a Water Resource Protection Plan which
is prepared by the Commission on Water
Resource Management, 2) a Water Quality
Plan which is prepared by the Department
of Health, 3) a State Water Projects Plan
which is prepared by the Engineering Divi-
sion of the Department of Land and Natu-
ral Resources, 4) an Agricultural Water Use
and Development Plan which is prepared
by the Department of Agriculture, and 5)
Water Use and Development Plans pre-
pared by each separate county (Hawai‘i
Water Plan, 1997).

e Hawai‘i Department of Health’s 2008/2010 Inte-
grated Report contains a total of 204 marine segments
and 91 stream segments that fail to meet regulated water
quality standards, deeming the water body impaired
(DOH, 2012a). e term “impaired” is used by the EPA
to describe waterbodies (i.e., stream reaches, lakes, wa-
terbody segments) not achieving federal water quality
standards despite local efforts to reduce pollution. Im-
pairments may be caused by exceeding total maximum
daily loads (TMDLs); both bacteriological and chemical
data are monitored for a water body. According to data
collected by the Clean Water Branch (CWB) of the De-
partment of Health (DOH, 2010; DOH, 2012a), the
number of impaired streams in the state is on the rise.
As of 2010, 24.2% of the perennial streams were deemed
impaired. e quality of each stream is vital to the
health of the watershed. Table 3 below depicts the de-
crease in water quality in streams tested by CWB and
reported to EPA.
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Water Pollution 

Contaminants in Hawai‘i's water systems are also a con-
cern for the state. e 2008/2010 Hawai‘i Integrated Re-
port listed several locations identified and posted as
areas where fish and shellfish should not be consumed.
Contamination of fish and shellfish include organochlo-
rine pesticides and/or PCBs and lead. ese areas in-
clude: Pearl Harbor, Ala Wai Canal, and urban streams
on Honolulu (DOH, 2012a).

As an island chain, the status of our coastal waters is also
important, and the number of impaired coastal waters

is also on the rise. Table 4 below depicts data provided
by the Department of Health, Clean Water Branch.
DOH is responsible for submitting data to the US EPA
under the Clean Water Act. Nevertheless, there is a lack
of agreement regarding the number of coastal waters for
each island. Furthermore, the water quality reporting
was delayed for 2010, and new data were not incorpo-
rated. (ere is no report currently available for 2011 or
2012.) However, from the data that are available, we
could discern that the number of impaired coastal wa-
ters is generally on the rise.

Island

Number of 
Coastal 
Waters 

Assessed 
(2006)

Number of 
Impaired 
Coastal 
Waters 
(2006)

Percentage 
of Impaired 

Coastal 
Waters by 

Island (2006)

Number of 
Coastal 
Waters 

Assessed 
(2008/2010)

Number of 
Impaired 
Coastal 
Waters 

(2008/2010)

Percentage 
of Impaired 

Coastal 
Waters by 

Island 
(2008/2010)

1 Hawai i 89 31 34.8% 83 33 39.8%
2 Kaua‘i 81 26 32.1% 64 23 35.9%
3 Lana‘i 17 6 35% 12 8 66.7%
4 Maui 122 72 59% 84 72 85.7%
5 Moloka‘i 37 3 8.1% 32 3 9.4%
6 O‘ahu 176 71 40% 114 65 57%
 TOTAL 522 209 40% 389 204 52.4%

# Island

Number of 
Perennial 
Streams

Assessed

Number of 
Impaired 
Streams 

Reported in 
2002

Number of 
Impaired 
Streams 

Reported in 
2004

Number of 
Impaired 
Streams 

Reported in 
2006

Number of 
Impaired 
Streams 

Reported in 
2008/2010

Percentage of 
Impaired 

Streams by 
Island in 2010

1 Hawai i 132 12 15 16 17  12.8%
2 Kaua‘i 61 8 11 20 16  26.2%
4 Maui 90 9 10 11 11  12.2%
5 Moloka‘i 36 0 0 1 1  2.8%
6 O‘ahu 57 30 34 45 46  80.7%
 TOTAL 376 59 70 93 91  24.2%

Table 3. Number of impaired perennial streams by island (2002, 2004, 2006, 2008/2010) (DOH, 2010; DOH, 2012a)

Table 4. Number of impaired coastal waters by island (2006, 2008, 2010) (DOH 2010; DOH, 2012a)
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 1 GPI approach

e pollution of water through excess nutrients, sedi-
ments, heavy metals, or toxins results in a variety of
costs. Where Gross State Product (GSP) would include
the spending required by these environmental and so-
cial losses as a positive economic gain, the GPI adjusts
the GSP to count them as negative values. e cost of
water pollution can be evaluated in various ways, how-
ever each must begin with an assessment of water qual-
ity. As each state is required to submit an annual list to
the EPA identifying waters that are not achieving water
quality standards, the GPI approach merely extends this
requirement of the Clean Water Act by adding a mone-
tary value (Berik and Gaddis, 2011; Posner, 2010).

e value of clean water stems from beneficial uses,
which generally include drinking water, recreation,
aquatic uses, and agriculture. Maryland developed a new
methodology for assigning a monetary value for water
pollution, believing that previous state-level studies and
values from national GPI studies underestimated the
cost. Following Costanza, et al. (2004) and Maryland De-
partment of Natural Resources reports, Maryland deter-
mined the value of clean water to be $130 per person per
year (in 2000 USD), or $676.52 million per year for the
state of Maryland. e annual cost of water pollution was
calculated as the value of clean water multiplied by the
percentage of waterways that were degraded. e na-
tional GPI calculations have included erosion damages
as part of their water calculation indicator. While erosion

is considered a significant problem, those damages were
found difficult to determine at a state level, and therefore
not included in the Maryland study.

GPI-HI approach
As mandated by the EPA, Hawai‘i records impaired
streams and coastal waters for the state. Currently, these
data are available as “number” of water bodies, which
we can convert to a percentage of total streams or
coastal waters for the GPI. However, for the future it
may be a more accurate replication of the Maryland
study to include distance (i.e., miles) of the waterway or
water body when calculating the percent of impairment.
Future efforts will also evaluate the efficacy of using a
metric of area rather than distance to measure the rela-
tive quality. 

For GPI-HI, we followed Maryland’s example by using
a value of $130 per capita (in 2000 USD) and the fol-
lowing equation adjusted for Hawai‘i to calculate water
pollution costs for each year of data available:

Cost of water pollution = (State population) x ($130 per
capita) x (% degraded streams) 

For the year 2010, the cost of water pollution for the
state of Hawai‘i is valued at $43 million (USD 2000).
e average annual cost in the period for which data
was available (from 2000 to 2010) is estimated at $34
million (USD 2000).

Figure 3. Cost of water pollution from impaired streams in Hawai‘i (2002 – 2010) (millions 2000 USD)



A Few Facts about the 
Hawaiian Monk Seal
■ e monk seal is known in Hawaiian as 

‘īlioholoikauaua, “dog running in the rough
sea,” or nā mea hulu, “the furry ones.”

■ Hawaiian monk seals are endemic to the
Hawaiian Islands. is means that they occur
here naturally without human introductions,
and they are found nowhere else on earth. 

■ Hawaiian monk seals are one of the most en-
dangered marine mammals in the world with
an overall population decline of 4% a year.

■ e coral reefs found around the Hawaiian Is-
lands provide the monk seal with its food sup-
ply: lobster, eels, small octopus, and reef fishes. 

■ e seal’s continued existence is threatened by
low pup mortality, sharks, human interactions
such as accidental hookings, entanglement
with marine debris and derelict fishing gear,
diseases, and attacks by aggressive male seals, 

■ Mothers stay with their pups from birth to
about 5 or 6 weeks, never leaving them unpro-
tected to go feed.

■ Monk seals haul out on our beaches to sleep, sometimes for days at a time, and to give birth and nurse their newborn pups.
■ Monk seals do not migrate seasonally, but some seals have been tracked traveling hundreds of miles in the open ocean. I

ndividual seals oen frequent the same beaches, but do not defend regular territories.
■ Hawaiian monk seal recovery efforts are overseen by the National Marine Fisheries Service, in cooperation with other 

government and private organizations and universities.
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Water Pollution (Cont.)
For the baseline GPI-HI, we decided not to use the per-
centage figures for degraded coastal waters. Instead, in
the future we hope to capture the value of coastal waters
in conjunction with a new indicator for coral reef
ecosystems, being careful to avoid double counting of
value between this indicator and the new indicator.

As Hawai‘i is a top tourist destination with rich tradition
and culture, more current local valuation studies need
to be done to ascertain appropriate values for clean water.
A higher estimate of the value of local water would in-
corporate Hawai‘i’s unique tropical environment and
beautiful beaches. Similar to the paucity of valuation
studies on water, Kaiser et al (2002) notes that the value
of beaches in Hawai‘i is also difficult to estimate, and that
any estimate may not reflect their true value. Several
studies of the values of beaches exist as conducted for ex-
ample by Moncur in 1972, the Army Corps of Engineers
in 1991, and Bell and Leeworthy in 1991 (as cited in
Kaiser et al., 2002), but a more comprehensive assess-

ment is required to determine the number of beach days
spent on a per visitor basis. It would also be useful to
know which beaches were visited and how many times.
Hanauma Bay, for example, is a location where the de-
mand can be assessed (Kaiser et al., 2002).

Honu – Anita Wintner ©

Right: Hawaiian Monk Seal 
– Kathleen Ho © 

Below: Mom & Pup 
– Mark Sullivan NMFS,

NOAA
e Hawaiian monk seal 

is in danger of going extinct.
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 2 Introduction to issue

Clean ambient air is essential to the health, produc-
tivity, and quality of life of the population, and state
and federal agencies play a crucial role in protecting
citizens from harm. The harmful impacts of air pol-
lution vary depending upon the pollutant itself and
the exposure to it. Critical pollutants include, among
others, ground level ozone (a key component of
smog), sulfur dioxide, particulate matter (both coarse
and fine), and carbon monoxide. Generally, exposure
to elevated levels of these pollutants can be linked to
irritation of the respiratory system, reduction in lung
function, increased heart disease, or aggravation of
asthma or other chronic lung diseases. While it is im-
portant to consider health effects on the general pop-
ulation, sensitive subpopulations such as children,
asthmatics, and the elderly are even more susceptible
to air pollution.

Air pollution impacts not only human health, but also
the health of ecosystems and the services they pro-
vide. Pollutants in ambient air can lead to environ-
mental impacts such as degraded visibility or damage
to buildings, animals, crops, and vegetation. These
secondary impacts make the role of state and federal
agencies even more critical.

The Clean Air Act (CAA) requires states to design a
network of stations to routinely monitor and detect
pollutants dispersed or suspended in the air. Agencies
are then responsible for comparing those detected lev-
els to acceptable standards set at the national and/or
state regulatory level. These National Ambient Air
Quality Standards (NAAQS) were designed to limit
the exposure of the public to six so-called criteria air
pollutants: particulate matter (both PM10 and
PM2.5); ground level ozone (O3); sulfur dioxide
(SO2); nitrogen oxides (NOx); carbon monoxide
(CO); and lead. The standards are designed primarily
to protect public health, including sensitive subpop-
ulations. If the level of a pollutant exceeds that speci-
fied in the NAAQS, then the state is said to be in
nonattainment for that pollutant for that particular
time period. 

General trends
In Hawai‘i, the Department of Health (DOH), Clean
Air Branch is responsible for monitoring the ambient
air for certain pollutants to ensure that air quality stan-
dards set by EPA and the state are met. ese pollutants
include airborne particulates (PM10 and PM2.5); sul-
fur dioxide (SO2); nitrogen dioxide (NO2), ozone (O3),
lead (Pb), carbon monoxide (CO), and hydrogen sul-
fide (H2S). e DOH maintains twelve (formerly thir-
teen) air monitoring stations across four islands (O‘ahu,
Maui, Hawai‘i, and Kaua‘i) to track how ambient con-
ditions are impacted by both anthropogenic and natu-
ral sources of air pollution. Six special purpose
monitoring stations are situated on the Big Island of
Hawai‘i to check impacts on air quality from Kilauea
Volcano as well as geothermal energy production.
O‘ahu has the largest population and highest levels of
industrial, commercial and transportation activities
that are tracked by four (previously five) urban moni-
toring stations on that island. Maui’s single station
monitors sugar cane burning, while Kaua‘i’s new and
only station was established especially to monitor po-
tential impacts from cruise ships. Of the total monitor-
ing stations, the majority screen for PM2.5 and/or SO2;
no single monitoring station measures all criteria air
pollutants (DOH, 2012b).

Hawai‘i is widely recognized for its high quality of am-
bient air, even while trends in many other states con-
tinue to show problems with PM2.5 and ground-level
ozone, particularly when accompanied by increases in
urbanization. According to the American Lung Asso-
ciation’s (2012) annual State of the Air, Honolulu ranks
first in cleanest metropolitan areas for ground level
ozone, and eighth overall when including short- and
long-term measures of particulates. Honolulu consis-
tently ranks high on EPA’s Air Quality Index (AQI) and
Air Pollution Index (API) as reported on the AIRNow
website, a consortium of federal, state and local agen-
cies aimed to provide national air quality information
to the public (AIRNow.gov, n.d.). With the exception
of stations in communities in proximity to Kilauea,
monitoring of ambient air conditions by DOH consis-
tently show air quality conditions that are well below
the standards prescribed by NAAQS (DOH, 2010;
DOH, 2012b; DOH, 2012c).

-

-
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Air Pollution 
Yet Hawai‘i is also unique from other states due to the
recent and continued natural and uncontrollable emis-
sions from Kilauea Volcano on the Big Island of
Hawai‘i. Volcanic activity increased considerably in
March 2008 due to a new opening of the Halema‘uma‘u
Vent, leading to increased sulfur dioxide (SO2) and fine
particulate matter (PM2.5) emissions on the Big Island.
e resulting vog (i.e., volcanic smog) occurs when vol-
canic gases and particles combine with air and sunlight
to produce atmospheric haze. Although naturally oc-
curring, vog impacts human health just as the related
anthropogenic pollutants do. Readings from monitor-
ing stations in proximity of the volcanic emissions fre-
quently exceed the NAAQS levels for SO2 and
occasionally exceed the NAAQS for PM2.5 (DOH,
2012b). 

When subtracting out the number of exceedances due
to volcanic activity from the overall results of monitor-
ing for the state, Hawai‘i was in attainment of all
NAAQS for 2011. Given that volcanic activity is an act
of nature, if it is considered an exceptional event by
EPA, then related exceedances are excluded from the
determination of attainment or nonattainment. State
officials (in conjunction with other federal agencies)
continue to assess the ongoing vog and sulfur dioxide
issues and provide up to date information and guidance
to citizens via real-time, 15-minute SO2 levels and cor-
responding advisories (online at www.hiso2index.info). 

GPI approach
Within the GPI framework, the air pollution indicator
relies on monitoring of ambient air to identify harmful
levels of contaminants in the air, either gaseous or par-
ticulate matter. Air pollution is an externality, or
byproduct, that is not captured by GDP/GSP, regardless
of the cost it places on society. Indeed, certain costs of
air pollution can even be misconstrued to increase
GDP or GSP.

Past GPI studies have taken a variety of approaches for
this indicator. In Utah, Berik and Gaddis (2011) used
county and state level emissions of specific air pollu-
tants multiplied by the per ton cost of emissions taken
from a study by Mueller and Mendelsohn (2009) to es-
timate total damages due to air pollution. However,
other GPI models such as Anielski and Rowe (1999)
and Costanza et al. (2004) incorporated cost figures for

damage to forests, farmland, and urban environments.
is approach builds upon an earlier Freeman (1982)
cost-benefit analysis of the national cost of air pollution
in 1970 disaggregated across those three sectors. 

Maryland GPI modified these earlier studies to scale
down to sub-national level by using the ratio of state to
national figures for forest, farmland, and population
and designating that amount as the 1970 baseline year.
Additionally, in the case of Maryland, researchers cre-
ated an air quality index related to ambient ground-
level ozone values to track changes in pollution
damage, since high levels of that pollutant remain an
ongoing problem for the state. Maryland looks at the
trends in ozone days and incorporates the number of
days over the 8-hour limit for ozone per year relative
to the previous year to scale the costs accordingly. e
general equation used by the Maryland study is as fol-
lows:

Cost of air pollution = (cost of air pollution in 1970
scaled to Maryland levels) + (costs of air pollution in
other years based on ground level ozone levels and na-
tional air pollution trends)

Whereas the cost of air pollution in 1970 = ($14.74 x
MD acres of farmland/US acres of farmland) + ($5.48 x
MD acres of forest/US acres of forest) + ($88.39 x MD
population/US population).

e monetary figures in the above equation are in 2000
USD.

GPI-HI approach
On the surface, the costs of air pollution for the State
of Hawai‘i appear to be minimal relative to other
states. For example, the equation from Maryland in-
corporates ground-level ozone exceedances, a problem
not applicable to Hawai‘i. Moreover, and fortunately
for our citizens, the prevailing trade winds tend to
carry air pollutants away. In addition, unlike the con-
tiguous states, our geographical location means we are
not subjected as much to interstate transboundary air
pollution.

So for the baseline GPI-HI, we contemplated using only
that portion of the above equation that is based on
Freeman’s (1982) earlier work. is would be achieved

-
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by multiplying the national estimates of air pollution
damages to agriculture, forests, and urban environ-
ments by the corresponding Hawai‘i figures for acres of
farmland, acres of forest, and state population. Aer
analyzing those studies further we identified several
weaknesses in this approach (e.g., not including health
costs within the calculation) and its implementation
(e.g., errors in calculations) and were dissuaded from
using it. Furthermore, since the typical impacts of air
pollution on farmland, forests, and the population may
not apply to Hawai‘i due to its unique geographical lo-
cation and wind patterns, this calculation is not neces-
sarily a good proxy for the GPI-HI baseline. erefore,
we have chosen not to include air pollution costs in the
baseline calculation for GPI-HI. 

Nevertheless, the costs of air pollution are not negligi-
ble in Hawai‘i and need to be explored further. Regard-
less of its applicability, the above calculation can
highlight various unknowns that deserve examination
for future GPI-HI efforts. For example, the number of
sites monitoring ambient air quality in the state is lim-
ited. As urbanization increases, its associated draw-
backs, such as increased traffic congestion and air
pollution, might not be adequately accounted for with
current monitoring efforts. Moreover, even though the

prevailing trade winds carry air pollutants away, those
pollutants generated from our activities here will even-
tually be felt somewhere else. Yet the ultimate impacts
will not be accounted for because those results will be
elsewhere and/or will remain unknown. 

For future refinement of the costs of air pollution for
GPI we will consider the Mueller and Mendelsohn
(2009) study; currently their model estimates air pol-
lution damages down to the county level, however it
only applies to the contiguous United States. Further-
more, the role of GPI is to tell a story and show trends
in impacts on social welfare. Just like Maryland chose
to use the number of exceedances of 8-hour ozone lev-
els to signify a significant problem in that state, GPI of-
fers the flexibility to reflect local conditions that bring
about associated air pollution costs. Excluding the nat-
urally caused and uncontrollable elevated levels of a
pollutant is not telling the full story. To refine GPI-HI,
we will further examine the costs from the health im-
pacts of vog associated with SO2 and PM emissions,
noting how these costs vary across the counties. ese
costs are borne by society, but are not adequately cap-
tured; in many cases the related incidents actually in-
crease GSP. GPI can provide the framework to
recognize those costs. 
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cost of Noise Pollution 
Introduction to issue
Loud, intrusive noises are so pervasive in our surround-
ings, particularly in urban areas, that they are considered
a form of pollution. Noise pollution is regulated under the
Clean Air Act (CAA) and the Noise Control Act of 1972,
although primary responsibility for addressing noise is-
sues takes place at the state and local government levels.
According to EPA, noise pollution has adverse effects on
the lives of millions of citizens, and can impact both en-
joyment and health. Direct links between noise and
human health can be found in a range of impacts includ-
ing stress-related illnesses due to sleep disruption, lost
productivity, or hearing loss. Research shows that expo-
sure to high levels of noise at a constant rate can cause
particularly adverse health effects (EPA, 2012c) 

Trends in Hawai‘i
In Hawai‘i, the community noise program resides in the
Hawai‘i Department of Health (DOH), Indoor and Radio-
logical Health Branch (IRH). Responsibilities include en-
forcement of maximum permissible sound levels for
stationary noise sources and issuance of permits for agricul-
tural, construction, and industrial activities (DOH, 2011). 

GPI approach
Under the GPI approach, noise pollution is a cost to be
subtracted from GSP because it disrupts the quality of life
primarily for those residing in areas of increased urban-
ization. Past GPI studies worked with the 1972 estimate
by the World Health Organization (WHO) that damage
caused by noise pollution in the US was $4 billion (Con-
gressional Quarterly, Inc. 1972 as cited by Talberth et al.,
2007). e national GPI studies used this base figure and
assumed that the national cost of noise pollution in-
creased by 1% per year from 1973 onward (Anielski &
Rowe, 1999; Constanza et al., 2004; Bagstad & Ceroni,
2007; Bagstad & Shammin, 2012). e Maryland sub-na-
tional study assumes that the cost of noise pollution is tied
to the level of urbanization. erefore, the national level
damage estimates from the previous national GPI studies
were scaled down to the state level by comparing Mary-
land’s urban population with the national urban popula-
tion. e equation is shown as:

Cost of noise pollution = National cost of noise pollution from
WHO study x (state urban population/US urban population)

GPI-HI approach
To calculate the GPI-HI baseline for noise pollution we
followed the example of Maryland and adapted it to in-
clude the urban population in Hawai‘i. First, we found the
general trends of urbanization as shown in the table below
(DBEDT, 2012; US Census Bureau, 2011). 

en, we scaled down the national costs of noise pollution
by the ratio of Hawai‘i urban to national urban popula-
tion. We made the final calculations based on the equa-
tion above.

For the year 2010, the cost of noise pollution for the state
of Hawai‘i is valued at $104 million (USD 2000). e av-
erage annual cost in the period for which data was avail-
able (from 1960 to 2010) is estimated at $80 million (USD
2000).

All previous GPI studies acknowledged the need for better
characterization of noise pollution for future GPI estimates.
For future GPI-HI estimates we will continue to look for al-
ternative measures of costs as used in the GPI literature gen-
erally or as found for the state of Hawai‘i specifically.

Figure 4. Growth of urban population in Hawai‘i 
as percent of total population1900-2010 (DBEDT, 2012; 

US Census Bureau, 2011)

Figure 5 - Cost of noise pollution in Hawai‘i 1960-2010
(millions 2000 USD)
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Wetlands provide a host of valuable services in terms of
water quality, flood control, biodiversity, cultural re-
sources, recreation and pure aesthetic inspiration. Wet-
lands filter pollution, waste, and sedimentation from
water, purifying it as the water travels through the wet-
land. Wetlands act as a shock absorber during periods of
excessive rains or tidal fluctuations. Wetlands provide
critical habitat and breeding grounds for many species of
flora and fauna. Many of these species are threatened or
endangered native species, and some are only found on
the Hawaiian islands, such as the ‘alae ke‘oke‘o (Hawaiian
coot), ‘alae ‘ula (common moorhen) and the ae‘o (black-
necked stilt). Since Hawaiians first settled around the
coastal and wetland areas, the wonders of the wetlands
are thoroughly incorporated into Hawaiian history, cul-
tural identity, and spirituality. Moreover, wetlands provide
abundant recreational activities such as fishing, hunting,
bird watching, as well as a place of intrinsic aesthetic
beauty (Brander et al., 2006).

e wetlands of Hawai‘i could fall into one of several cat-
egories whether based on the percentage of herbaceous
vegetation, trees and shrubs, or water salinity levels. How-
ever, as is true with forest cover, it is not a simple case of
classifying by the ecosystem type. ere is an important
distinction to be made between wetlands with healthy, na-
tive vegetation and those that are overrun with invasive
exotic vegetation that displaces the rare and endangered
native species while radically changing the quality and
function of the wetlands. Mangroves are such an example.
Mangroves are a common and valuable part of ecosystems
elsewhere, but have infested large areas of estuarine wet-
lands in Hawai‘i, crowding out native species and tradi-
tional land uses such as fish ponds that are important to
Hawaiian culture.

Trends in Hawai‘i
During the original settlement period in Hawai‘i, the
Polynesians had minimal impact on the wetlands through
their traditional agricultural and fishing practices and the
establishment of small communities around the perimeter
of the wetlands. Nevertheless, later development has re-
sulted in a great reduction of wetlands in terms of both
acreage and quality. Over time, the impacts of population
growth, pollution, development, sedimentation, and the
introduction of countless exotic species began to acceler-
ate, resulting in the current state of affairs. 

At the state level, the Department of Land and Natural Re-
sources (DLNR) and the Department of Health (DOH)
share responsibility for the protection and restoration of
Hawai‘i’s wetlands. DLNR has worked hard over the years
to develop watershed management partnerships with
many private and public entities including local organiza-
tions, cultural groups, schools, and community members.

ough generally the data for the state are sparse, the in-
teragency database developed by the US Department of
Interior and the USDA Forest Service called LANDFIRE
shows an estimate of 12,596 acres of wetlands remaining
in Hawai‘i as of 2000. Fortunately, no significant losses in
wetland coverage is indicated since that time (US DOI,
2012). Similar to the forestry sector, recent decades have
seen a reversal in the trend as greater effort and capital is
being spent on protection and management of the wet-
lands by the state and the aforementioned wetland man-
agement partnerships. Unfortunately, the raw data to
support these observations are difficult to find for various
reasons. First, it is not easy to disaggregate state desig-
nated “conservation lands” into forests, wetlands, and
grasslands. Second, the data are dissimilar among the var-
ious sources and no singular source was adequate to de-
velop a reliable time-series analysis.

Yet concerns exist over not only the quantity, but also the
quality of the wetlands remaining. A more detailed GAP
analysis in 2006 revealed that of the remaining acres of
wetlands, only 2,652 acres were considered in a state of
“effective conservation,” i.e., both actively protected and
adequately managed -- including the control of exotic/in-
vasive species (Gon et al., 2006; Friday et al., 2011). At
least half of all wild species in Hawai‘i today are non-in-
digenous, highlighting the issue of alien species and the
threats they represent to the island ecosystem. e vast
majority of alien species that arrived in Hawai‘i can be at-
tributed to human activity, introduced intentionally or
unintentionally. Alien species destroy native habitat, com-
promise ecological processes, and reduce the value of as-
sociated ecosystem services (Kaiser & Roumasset, 2002).

GPI approach
e goal of the GPI is to recognize the value on the non-
market benefits of environmental goods and services. For
this indicator, the GPI attempts to put a value on the wet-
land contribution to clean water, biodiversity, and recre-
ation, as well as its cultural and aesthetic benefits, thereby
attributing a monetary value for each acre restored or lost.
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Net Wetlands Change
Previous GPI studies calculated the cost of net change in
wetlands as total wetlands lost multiplied by the esti-
mated wetland value per hectare; all calculations are
based on the earlier work of Costanza et al. (2004). Mary-
land (2010) used a wetland value of $1973 (in 2000 USD)
per acre per year beginning in 1950, increasing by 2% an-
nually. Ohio used an estimate of $396 per acre per year
for losses from settlement to 1940, $1973 per acre per
year from 1940 to 1950, and then added 2% per year in
subsequent years (Bagstad & Shammin, 2012). However,
in some counties in Ohio where wetlands were particu-
larly scarce due to population and urban sprawl, the GPI
team decided to increase the value of wetlands by 3% per
year, following Bagstad and Ceroni (2007). Utah chose
to follow Dodds et al. (2008) by estimating wetland value
as $22,453 per acre (in 2000 USD). Unlike other states,
Utah chose to assess the positive value of wetlands in
hand, i.e., the existing stock, rather than calculating the
loss in wetlands over time (Berick & Gaddis, 2011). is
strategy avoids the problem of selecting a baseline, such
as pre-settlement, and estimating the history of wetland
loss over time.

GPI-HI approach
To develop a baseline for GPI-
HI, we looked for both wet-
lands inventory data and
available related valuation
studies. To get a sense of wet-
lands loss, we evaluated sev-
eral sources of remote sensing
data including LANDFIRE
(US DOI, 2012), Gon et al.
(2006), the Hawai‘i Statewide
Assessment of Forest Condi-
tions and Resource Strategy
(DLNR, 2010), and NOAA C-
CAP for the years 1992, 2000, 2001 and 2005 (NOAA,
2012b). Analysis of NOAA C-CAP data from 1992 sug-
gests a wetlands inventory for that year of 14,229 acres.
Due to the lack of data and inconsistencies among data
sets, we could not get a clear picture of wetlands losses.
Nevertheless, both the LANDFIRE data and the NOAA
C-CAP data corroborate that in the year 2000, there were
between 12,637 and 12,596 acres of wetlands remaining.
Based on the higher of these two values, we calculated a
net loss of wetlands as 1,592 acres between 1992 and 2000.

To date, there are no valuation studies of wetlands for

Hawai‘i or other islands or similarly isolated sites. Con-
sidering Hawai‘i’s biodiversity, vibrant and unique cultural
heritage, heightened dependence on ecosystem services
of wetlands, and remoteness, future GPI-HI efforts will
refine the estimated wetlands value. For example, a more
realistic estimate might be more in line with the Dodds et
al. (2008) estimation of $22,453. However, to remain on
the conservative side and be able to compare Hawai‘i to
other GPI analyses, we utilized Maryland’s model of
scaled estimations, increasing 2% per year from the base-
line of $1,973 per hectare in the year 1950. e value of
wetlands for the years in which data are available for
Hawai‘i ranges between $4,443 and $5,206 per hectare.

For the baseline GPI-HI, we used the following equation:

e cost of net wetland change = (# acres lost) x (estimated
wetland value per acre)

For the year 2000, the cost of net wetland change for the
state of Hawai‘i is valued at $1.04 million (USD 2000).
e average annual cost in the period for which data
was available (from 1993 to 2000) is estimated at $1.11
million (USD 2000).

In future efforts to refine the GPI in Hawai‘i, we will ex-
amine time-series remote sensing data. Other than
NOXA C-CAP data, the state itself has little if any infor-
mation in this regard. In order to really capture the value
of wetlands in Hawai‘i, however, greatest recognition of
how factors, such as exotic species invasion, lead to de-
clines in the functionality and quality of the wetlands is
needed. Currently, Hawai‘i-specific valuation estimates of
various wetland ecosystems, particularly those with a high
predominance of invasive species, are lacking. erefore,
future improvements in both assessment and valuation
data are desired.

Figure 6. Cost of wetland change (1993-2000) (million 2000 USD)
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 5 Introduction to issue

Situated at least 2500 miles away from the agricultural
and food production centers of the continental United
States, change in agricultural production capability is ex-
ceptionally important to Hawai‘i (Leung & Loke, 2008a).
Anywhere from 85% to more than 90% of food con-
sumed in Hawai‘i is imported (Leung & Loke, 2008a), re-
sulting in significant transportation costs and associated
carbon dioxide emissions while impacting the quality
and quantity of the available food products. Once con-
sisting of sweet potatoes, taro, and yams, agriculture in
Hawai‘i shied to cash crops such as sugar and pineap-
ples as plantations came to dominate the industry (Page
et al, 2007). Due to competition from developing coun-
tries, changing market preferences, and the price of land
and water, cash crop production declined in Hawai‘i, and
is being slowly replaced by more diversified agricultural
production, expanding to include other vegetables, fruits,
flowers, and biofuels (Burnett & Wada, 2012). is diver-
sification is not only filling the void le by the collapse
of the cash crops and plantations, it is also beginning to
reduce Hawai‘i’s reliance on imported produce, confirm-
ing progress towards achieving our economic goal under
the Hawai‘i 2050 Sustainability Plan – “increase produc-
tion and consumption of local foods and products”
(Hawai‘i 2050 Sustainability Task Force, 2008). 

A loss of area under agriculture results in costs to society
in several ways. A loss in farmland restricts the ability to

grow food locally, regardless of whether that produce is
intended for local consumption (to offset the cost of im-
porting food) or for sale outside of the state (thereby in-
creasing Gross State Product [GSP]). Moreover, changes
in farmland can compromise ecosystem services and di-
minish cultural significance, resulting in much more
than just a loss in the amount of production that is cap-
tured by GSP. 

General trends in Hawai‘i
Between 1959 and 1974, large plantations were aban-
doned and the area under agricultural production de-
clined by 50% to 1.1 million acres. By 1974, the number
of farms had dwindled to just 3,000 from over 6,200 in
1959. ough the acreage of farmland is still declining in
Hawai‘i (Figure 7), losing an additional 4,500 acres since
2003 (see graph below), the last four decades have seen
positive changes. e number of farmers has rebounded,
particularly since 2004, climbing to almost 7,000 in 2007
(Burnett & Wada, 2012). Individual farm size is smaller,
but data suggest that it is the production from the smaller
farms that is flooding the local markets, while the largest
farms are responsible for most of the exports to the main-
land and international markets. Between 2004 and 2008,
agricultural exports fell $28 million, from $599 million
to $571 million, while local consumption increased $29
million over the same period (USDA, 2010). Since 2007,
agricultural production has remained fairly stable.

Figure 7. Recent trends in farmland area (2003-2012) 
(DBEDT, 2012 Table 6.03 “Estimated acreage of land use districts 1964 to 2011”)
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Net Farmland Change
Leung and Loke (2008a) cite studies suggesting 85% to
more than 90% of food consumed in Hawai‘i is imported.
If a portion of the spending on imported agricultural
products switched to local products instead, a “rippling”
effect could be expected in the local economy. e ques-
tion is whether $6 million in additional tax revenue from
a 10% replacement with local agricultural activity is
enough to fund government initiatives to encourage such
efforts. Leung and Loke (2008b) suggest that while sugar
and pineapple production continue to decline in the
state, diversification in agriculture allows the sector to re-
main a contributor to the state’s economy. Said contribu-
tion may differ based on how agriculture is defined. Page
et al (2007) attempt to identify why local food holds such
a small market share (85% imported), barriers to increas-
ing local food market share, areas where investment
yields positive results for local agriculture, and actors
who can make those investments.

GPI approach
Gross State Product (GSP) accounts for the values of
agricultural production alone. Agricultural lands provide
environmental services, such as water filtration. Agricul-
tural lands are also a cultural asset, a source of pride in
deep-rooted traditions, creating strong community
bonds in addition to the intrinsic value of open land, a
refuge from the urban centers. erefore, the loss of agri-
cultural lands and the agricultural way of life has broader
impacts on social well-being, which is not captured by
the changes in agricultural production alone or GSP. 

e Maryland, Ohio, and Vermont GPI studies used
USDA data to arrive at the total area under agriculture.
Maryland stated that the National Agricultural Statistics
Service (NASS) had the most complete and accurate
time-series data. Likewise, the previous studies chose to
value agricultural lands using the estimate from the
Costanza et al. (2004) study, which fixed the value of an
acre at $404. Maryland, however, increased the estimate
to $1,131 based on the observation that Maryland’s agri-
cultural productivity per acre was 2.8 times higher than
the national average (Maryland, 2010). In a different ap-
proach, Utah used the market value of preserving agri-
cultural lands through conservation easements and
arrived at values between $578 - $66,935 (in 2000 USD),
depending on the county (Berik & Gaddis, 2011). e
following equation illustrates the generic approach taken
by the GPI studies:

e cost of net farmland change = (# acres lost) x (esti-
mated farmland value per acre)

GPI-HI approach
In the case of Hawai‘i, the quality of historical land use
data used by USDA and other national and state agencies
varies between sources, but has been recently improved
by remote sensing data. To determine the value of farm-
land in Hawai‘i, we looked at several data sources, includ-
ing NOAA C-CAP remote sensing data for the years
1992, 2000, 2001, and 2005, the State of Hawai‘i Data
Book (1964-2011), USDA-NASS (1990-2010), and USDA
Census of Agriculture (1840-2007). Based on our discus-
sions with remote sensing experts in Hawai‘i, we con-
cluded that the State of Hawai‘i Databook provided the
most consistent and applicable time-series data. 

According to the US EPA (EPA, n.d.), the value of an av-
erage acre of US agricultural land in the year 2000 was
“over $1000” while land planted in corn was valued at
more than $3000 per acre. For the baseline GPI-HI, we
chose to be conservative and use the Maryland-based
$1131 per acre figure as starting point. is figure, along
with the data from the Databook are incorporated into
the following equation to calculate a baseline. 

e cost of net farmland change = (# acres lost) x (esti-
mated farmland value per acre)

For the baseline GPI-HI over the time frame for which
data were available, we estimated an average annual
cost of $185 million dollars (in 2000 USD). For the time
period of 1965 to 2010, the estimated cost of farmland
loss is $8.5 billion (in 2000 USD). Trends are shown in
Figure 8.

Figure 8. Cost of net farmland change (1960-2010) 
(million 2000 USD)
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For future refinements of GPI for Hawai‘i, we will gather
the data required to formulate farmland value per acre
from either the State of Hawai‘i Data Book, available on
a yearly basis, or USDA Census of Agriculture data, gen-
erally available in five year increments. e estimated
farmland value per acre will also be refined, recognizing
in particular the high land values, transportation costs of
importing produce, and the unique significance of agri-
culture in Hawaiian culture. Also, as suggested by the
2012 UHERO report “Foundations for Hawai‘i’s Green
Economy: Economic Trends in Hawai‘i Agriculture, En-

ergy, and Natural Resource Management” (Burnett &
Wada, 2012), local production and consumption will be
tracked by subtracting Hawai‘i’s agricultural exports
from the agricultural production. 

Further refinements will incorporate other attempts to
value agricultural land in Hawai‘i. One study in particu-
lar, Goldstein et al (2012), assessed properties held by
Kamehameha Schools, comprising 8% of Hawai‘i’s land-
base. Using the InVEST model, the study addressed what
land use is best for abandoned agricultural lands. Kame-

Kaua‘i Lo‘i Kalo & Ae‘o – Jack Jeffrey ©

Fresh O‘ahu Produce – Kukui Maunakea-Forth ©

Organic Moloka‘i Honey – Malia Akutagawa ©
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Net Farmland Change (Cont.)
hameha Schools properties on the North Shore exhibited
historical, agriculture, aquaculture, and human habita-
tion uses. e model considered redevelopment options
including: leaving the area as it is for future development,
turning the area to cattle-grazing pasture land, reviving
agricultural production, and selling the property for new
residential developments. e alternatives were evaluated
on three metrics: carbon storage, water quality improve-
ments, and financial returns (Goldstein et al., 2010). By
combining the value of agricultural land from the Gold-
stein et al (2012) valuation of Kamehameha Schools’ agri-
cultural holdings with USDA
Census of Agriculture rank-
ing of value of agricultural
products sold, the per acre
value is calculated as $189.03
in 2007 and $187.66 in 2002.
For our future purposes, we
will consider using this same
approach to derive values per
acre in Hawai‘i for all years
in which the Census of Agri-
culture was conducted. MA‘O Organic Farms, Wai‘anae, O‘ahu 

– Courtesy of Kukui Maunakea-Forth ©
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Hawai‘i’s forests are vital to the islands’ cultural heritage,
freshwater supply, economy, carbon footprint and bio-
diversity. e upland forest is the realm of the gods, or
wao akua. As such, the forest, along with the animals
and plants residing within the wao akua, is an essential
cultural resource. e forest is also the sole water collec-
tor and filtration system, providing all of the freshwater
needs of the islands, while also reducing sedimentation
runoff that would otherwise end up destroying our
beaches and coral reefs to the detriment of tourism, a
significant cost given that marine-based tourism pro-
vides an estimated $800 million in added value to
Hawai‘i’s economy (DLNR, 2011). In addition, the native
forest canopy increases the water supply by as much as
30% by extracting water from clouds and fog (DLNR,
2011). Our capacity to mitigate carbon emissions also
depends on the forest. e total carbon stock in the av-
erage native forest in Hawai‘i has been estimated at 34.5
metric tons of CO2 per acre, translating to around 51.3
megatons of CO2 sequestered by the State’s forests
(DLNR, 2011). Finally, Hawai‘i is home to 395 threat-
ened or endangered plants and animal species, a large
majority of which rely on a healthy forest ecosystem for
food, shelter, and other ecosystem services to survive
natural disturbances and a changing climate (DLNR,
2011).

General trends in Hawai‘i
Hawai‘i’s forests are special due to their isolation and
high rate of endemic species. Bennett and Friday (2010)
estimated the forested area prior to human settlement at
around 3.9 million acres (95% of the total land surface).
e Polynesians primarily settled in coastal, dry, and
mid-elevation forests in the fourth and fih centuries
AD. e biggest changes in forested areas came aer Eu-
ropean contact in 1778, when large-scale agriculture and
cattle ranches were established, followed by urban de-
velopment (Bennett & Friday, 2010).

Currently, 36% of the islands are forested. However, only
22% of that area is considered “native” forest. e re-
maining 14% of the forests is overrun with invasive
species and considered by many as a “loss of native
ecosystem” (Gon et al., 2006). Alien forests are consid-
ered less valuable because they are in direct competition

with native flora, do not meet the habitat requirements
of native fauna and, in some cases, perform ecosystem
services less efficiently or even degrade the services.
Such is the case with forests infested with strawberry
guava (waiawï), which lose 27% more water than pris-
tine forests, in turn reducing water availability (Cook,
2008). Of the 1,490,875 acres of forest, the oen cited
GAP Analysis of Hawai‘i Vegetation in 2006 found:
860,149 acres of native forest, 16,762 acres of mixed na-
tive alien forest, 571,781 acres of alien forest and 42,182
acres of unknown forest (Gon et al., 2006).

Many of the ecosystem services provided by forests such
as groundwater recharge, water purification, aesthetics,
climate control, and habitat provision provide economic
value not typically captured by market prices. Kaiser and
Roumassett (n.d.) used the Ko‘olau conservation district
on O‘ahu as a case study to examine the total value of
forests, including market and non-market uses resulting
from direct and indirect uses, as well as non-use values
such as existence value. e area is a forested watershed
that has been free from development for a century. By
looking at the forest resources within the ecosystem as
a whole, the authors estimated an annual benefit stream
for the Ko‘olau conservation district of $165.23 million
or $1,690 per acre (with a base year of 1998) (Kaiser &
Roumassett, n.d.)

GPI approach
GPI attempts to put a monetary value on the market and
non-market aspects of forests, recognizing that forests
provide the many ecosystem services that make life pos-
sible. GPI aggregates the direct and indirect use values
as well as the non-use/intrinsic value of the forest, rec-
ognizing that these gis that the forests provide are de-
graded as forested lands are converted to other uses. e
GPI component for forests is calculated as:

e cost of net forest change = (# acres lost) x (estimated
forest value per acre)

Previous GPI studies showed a range of values for forests
per acre. Ohio based their forest cover value of $481 per
acre on the 2004 Costanza et al. study, while Maryland
estimated their forest cover value at $318.50 per acre
with total area derived from US Forest Service data.
However, Utah used $875 (2000 USD) per acre, based
on a study by Dodds et al. (2008) that considered the
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Net Forest Cover Change
overall health of the ecosystem in addition to factors
used in previous valuation studies. Utah chose to look
at the value of wetlands in hand rather than calculating
the loss of wetlands. is strategy avoids the problem of
selecting a baseline, such as pre-settlement, for which
the acreage of forests and the annual increase/decrease
are difficult to assess.

GPI-HI approach
Due to the inconsistencies among the data sets available
at this point, we were limited in the extent of our analysis
of the inventory of forestlands. However, we were able
to evaluate a five-year period using NOAA C-CAP data
from 2000 (2,177 thousand acres) and 2005 (2,020
acres). 

Most of the native flora and fauna found in Hawai‘i’s
forests are listed as threatened or endangered. Of the 395
species currently red-listed, many, if not all, depend on
the forest ecosystems (DLNR, 2012). Due to these
unique conditions in Hawai‘i and considering the
scarcity of the resource, for the GPI-HI baseline we re-
jected the estimated chosen by Maryland and opted for
the $875 per acre value calculated by Dodds et al. (2008)
until additional Hawai‘i-based valuation studies are car-
ried out.

For the GPI-HI baseline we used the following equation:
e cost of net forest change = (# acres
lost) x ($875/acre in 2000 USD)

For the year 2005, the cost of net forest
cover change for the state of Hawai‘i is
valued at $135 million (USD 2000).
e average annual cost in the period
for which data was available (from
2001 to 2005) is estimated at $217 mil-
lion (USD 2000).

For a more realistic calculation of area,
future GPI-HI efforts will need to de-
velop a time-series data set to plot
changes in Hawai‘i’s forest cover. Future
efforts will harmonize the remote sens-
ing data from: Gon et al (2006); LAND-
FIRE (a collaboration between US
Forest Service and the Department of
Interior); the 2010 Hawai‘i Statewide As-

sessment of Forest Conditions and Resource Strategy
(SWARS); and NOAA C-CAP (available for the years
1992, 2000, 2001, and 2005).

In terms of valuation, we will continue to refine the es-
timate of forest value per acre. ere are not many
Hawai‘i-focused valuation studies for forests, and the
ones conducted to date are fairly limited in geographic
scope. Nevertheless, these existing studies do support
the idea that Hawai‘i’s forests are unique and very pre-
cious and thus merit a much higher value. 

In Hawai‘i’s case, the most significant changes in the for-
est value are associated with the degree of invasion or
control/eradication of invasive species. Above and be-
yond the factors used to calculate the standard GPI in-
dicator, further development of GPI-HI will need to
account for the financial and labor resources used to
manage invasive species.

For future efforts, another possibility is to follow the
Kaiser and Roumassett (n.d.) valuation methodology
and assign the $1690 per acre value (adjusted to 2000
USD). is value can be further adjusted on a popula-
tion basis, with O‘ahu forests carrying the highest value
reflecting demand relative to population size. Prior to
utilizing this method however, some of the underlying
assumptions need to be re-examined within the Hawai-
ian context.

Poamoho, O‘ahu – O‘ahu Invasive Species Committee



Axis Deer, Kalaupapa, Moloka‘i – Malia Akutagawa

Destroyed Native Forest, Pu‘u Wa‘awa‘a, Hawai‘i – Rick Warshauer ©
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Benefits of Forest Watershed 
Protection
• Optimize production of Hawai‘i’s fresh water as its primary

source
• Reduce water shortages
• Reduce soil erosion from heavy rains by anchoring soil
• Prevent stream pollution and floods through 

better rainwater absorption and retention
• Reduce destructive run-off sedimentation on coral reefs
•  Reduce debris from swi, flooding streams on beaches
• Improve air quality by increasing oxygen production and re-

ducing greenhouse gas emissions by absorbing carbon dioxide
• Protect Hawai‘i’s unique suite of species found nowhere else

in the world benefits
Excerpt from Wai Fresh Water: From the Mountains to Your
Drinking Glass. Department of Land and Natural Resources
Publication, February 2012

Ha-lawa Valley, Moloka‘i
- Malia Akutagawa

Nä Pali, Kaua‘i – Jeff Berkes ©
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Scientists have come to the conclusion that the Earth's
climate has been warming, and that this warming trend
has increased and will continue to do so as a result of
human activities that have exponentially increased the
amount of certain atmospheric gases. While not the
most potent, carbon dioxide traps more of the sun's en-
ergy radiating back into space than the other gases, ef-
fectively acting like a greenhouse. ese greenhouse
gases (GHGs), including carbon dioxide, methane, and
nitrous oxide, warm the atmosphere sufficiently for life
to flourish, but as the concentrations of these green-
house gases continue to increase the temperature of the
Earth's atmosphere and oceans will also continue to rise,
changing global climate patterns. 

As an island state, Hawai‘i is very vulnerable to the ef-
fects of climate change. Health risks due to heat stress
are very likely to increase with increasing temperatures.
Aquatic ecosystems, especially coral reefs, will likely be
degraded by increased water temperatures and ocean
acidity. Biodiversity of plants and animals associated
with Hawai‘i's delicate ecosystems is likely to decline.

Sea-level rise is very likely to continue at an even faster
rate, inundating wetlands and coastal communities, and
escalating damages from storm surges.

Climate has both regional and local impacts and costs.
e extension of these costs, although shown as in-
creased economic activity as measured by Gross State
Product (GSP), actually diminishes both natural and so-
cial capital. By internalizing these costs through the
Genuine Progress Indicator (GPI), we adjust the GSP to
more accurately show their negative impacts as a result
of climate change. 

General trends
Greenhouse gas emissions are globally distributed.
Emissions from one place contribute to damages suf-
fered across the globe. Most measurements are generally
done in remote locations such as Mauna Loa, HI which
has one of the longest records of direct measurements
of atmospheric carbon dioxide (CO2). e measure-
ments of CO2 at Mauna Loa Observatory have shown a
steadily increasing trend since the 1960s.

FIGURE 9: Global CO2 concentration 1955-2015 (NOAA, 2012c):
http://celebrating200years.noaa.gov/datasets/mauna/image3b.html
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Climate Change
Human activities, intensified by industry, are the main
culprit of increased GHGs. Our behavior and consump-
tion patterns are directly related to climate change. Al-
though a global problem, climate change can be addressed
locally by focusing on local consumption. Emissions as-
sociated with energy consumption are significant, and can
serve as a proxy for costs of climate change that are missed
by standard accounting (Posner, 2010). e state of
Hawai‘i is a regional contributor of CO2 emissions that
affect the global atmospheric CO2 concentration meas-
ured at Mauna Loa; US EPA reports that the transporta-
tion (including aviation) (54%) and energy sectors (36%)
are the state’s major contributors (see http://www.epa.gov/
region9/climatechange/hawaii.html). 

According to the DBEDT Data Book for 2011 (DBEDT,
2012), Hawai‘i’s total primary energy consumption has
increased from less than 100 trillion BTU in 1960 to 284
trillion BTU in 2008, with an average annual growth rate
of 2.3%. Since 1960, Hawai‘i's strict reliance on petro-
leum has decreased from 99.7% to 85% in 2008. Mean-
while the use of coal has increased during this time
period from 0% to 7.1%, along with renewable energy
sources to 7.8%. e majority of renewable energy
sources is biomass, followed in distant second by geot-
hermal. Although petroleum use has somewhat de-
clined, total energy consumption has more than doubled
in the past 50 years. is increase in consumption has
increased CO2 emissions, contributing further to cli-
mate change.

e external costs of greenhouse gas emissions are not
incorporated into standard business practice or eco-
nomic measures such as GSP. Nonetheless, local deci-
sion-makers have acknowledged the need to grapple
with the causes and impacts of climate change. In 2007,
Hawai‘i passed Act 234 setting the goal to reduce state
GHG emissions to 1990 levels by 2020. Based on a GHG
emissions inventory published at the end of 2008, the
GHG Emissions Reduction Task Force recommended
rules to achieve the reductions. In October, 2012, the
Department of Health published the dra rules for pub-
lic comment.

While acknowledged as a threat, the damages Hawai‘i
will suffer from climate change are misrepresented in
Hawai‘i’s GSP, oen showing up as positive. In terms of
adaptation, on July 16, 2009, the State Legislature met in
Special Session and enacted Act 20 (Senate Bill No. 266,

SD2, HD2, CD1), which established a Climate Change
Task Force within the Office of Planning to determine
the impacts of climate change trends in Hawai‘i. In No-
vember 2009, a collaborative effort by the Ocean Re-
sources Management Plan Working Group and the
University of Hawai‘i, Center for Island Climate Adap-
tation and Policy released A Framework for Climate
Change Adaptation in Hawai‘i (Ocean Resources Man-
agement Plan Working Group, 2009).

GPI approach
e most common approach to determine the cost of
climate change is to look at CO2 emissions from the
consumption of different forms of energy, and to assign
those a value. Notably, this method focuses on the value
of damages that the state’s emissions will cause, regard-
less of where those damages will occur. (is can be con-
trasted to a “damages suffered” approach which accounts
for the cost of climate change impacts to a state’s assets.)

Maryland used the average carbon intensities per British
ermal Unit (BTU) for their four main types of fuel
(coal, petroleum, wood, waste, and natural gas) based
on the Energy Information Agency (EIA) State Energy
Data System. e following values of pounds CO2 per
Million BTU were assumed: 160 for petroleum, 120 for
natural gas, 215 for coal, and 197 for waste. Although
this is only an approximation, it provides a relatively ac-
curate and reasonably simple methodology for calculat-
ing emissions and extrapolating back to the study’s
baseline year of 1960. ese values were then further
converted to metric tons of emissions. Maryland's cal-
culations are based on CO2 only, which provides a low
estimate, as it does not include the significant influence
of other greenhouse gases.

Maryland based their estimate of the total damage that
each ton of emitted CO2 will cause on a method set out
in Talberth, et al. (2007). e method effectively as-
sumed that CO2 emitted anytime before 1964 caused no
damage, because the assimilative capacity of the atmos-
phere had not been reached. From 1964 onwards, how-
ever, the estimated damage a ton of emitted carbon
caused rose year by year as the atmosphere became in-
creasingly polluted. is damage estimate includes a
wide array of modeled impacts, from coastal property
destruction to agricultural production to loss of human
life. Following Talberth, et al., Maryland used a cost of
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$89.57 per ton CO2 (2000 USD) for emissions in 2004;
they calculated a linear trend from $0 in 1963 to $89.57
in 2004, and extrapolated this trend for 2004-2010. To
calculate the annual cost of damages associated with car-
bon dioxide emissions, then, each year’s CO2 emissions
from energy consumption were multiplied by that year’s
cost per ton of CO2.

Unfortunately, Talberth et al, and thus Maryland, mis-
interpreted the baseline study they relied upon for this
figure (Tol, 2005) as reporting the cost of carbon in “dol-
lars per ton CO2” and not as “dollars per ton C,” which
is correct. is makes a big difference: $89.57 per ton C
is equivalent to $24.43 per ton CO2. Tol’s published
study reviewed dozens of estimates to come up with a
median cost of $14 per ton C and a mean cost of $93 per
ton C (Tol, 2005). Talberth et al. (2007) used the mean
of $93 per ton C, adjusted it to year 2000 dollars to get
the $89.57 value, and incorrectly interpreted it as per ton
CO2. (Tol provided no baseline year for his values, but
Talberth reasonably assumed it to be 2004, the year the
study was initially published). 

GPI-HI approach
To determine the cost of climate change damages caused
by emissions in Hawai‘i, we calculated the portion of
state CO2 emissions based on energy consumption and
multiplied this by Tol’s cost per ton CO2. We used en-
ergy consumption data from DBEDT for petroleum,

coal, natural gas, and solid waste from 1960 - 1990 in
five-year increments, and annually through 2008. For
each year, we used Tol’s (2005) mean value of $93 per
ton C, translated to $25.4 per ton CO2, which we as-
sumed to be expressed in year 2000 USD. 

For the year 2009, the cost of climate change for the
state of Hawai‘i is valued at $472 million (USD 2000).
e average annual cost in the period for which data
was available (1960, 1963, 1965-1966, 1970, 1975, 1980,
1982-2009) is estimated at $384 million (USD 2000).

Future GPI calculations should revisit the carbon calcu-
lation, especially regarding the price of carbon, which
has been an active area of research since Tol’s 2005 study.
An altogether alternative approach would be to look at
consumer‐spending data and assigning a carbon inten-
sity (defined as pounds of carbon emitted per dollar
spent) for each category as described in Shammin and
Bullard’s study (2009). Consumption categories in the
analysis could then be far more detailed. For example,
in Utah’s GPI study (Berik & Gaddis, 2011), consump-
tion categories included food, alcohol, dwellings (owned
and rented), lodging, natural gas, electricity, fuel oil, bot-
tled gas, coal, wood, phone, water and sewer, housekeep-
ing, household furnishings, apparel and services, new
and used cars/trucks/vans, other vehicles, gasoline,
diesel, motor oil, public transportation, air travel, health-
care, entertainment, personal care, education, tobacco,
insurance, and miscellaneous purchases.

Figure 10. Cost of greenhouse gas emissions for years with emissions data 1960-2009 (million 2000 USD)
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cost of Ozone Depletion 
Introduction to issue
e stratospheric ozone layer naturally shields the earth
from harmful levels of the sun’s ultraviolet (UV) rays. Yet
decades of emissions of chlorine compounds, such as
chlorofluorocarbon (CFCs), have led to a 50-75% deple-
tion of total ozone, resulting in a significant   "ozone
hole” at the stratospheric level. e ozone hole has
steadily grown in size (up to 27 million sq. km.) and du-
ration of existence (from August through early Decem-
ber) over the past two decades (NOAA, 2011).
Furthermore, in addition to the hole that regularly ap-
pears over Antarctica, in 2011 for the first time in ob-
servational record, another hole was detected over the
Arctic (Manney et al., 2011).

Without a naturally functioning ozone layer, increas-
ingly harmful levels of UV radiation reach the ground.
Greater exposure to UV leads to a variety of health and
environmental problems such as (EPA, 2011): increased
rates of skin cancer and cataracts (EPA, 2010); decreased
plant and crop growth (Fiscus & Booker, 1995); and re-
ductions in phytoplankton production from higher
UVB exposure in marine ecosystems (Smith et al., 1992).

Trends in Hawai‘i
Since 1987, the Montreal Protocol (ratified by 197 coun-
tries), enabled the reductions of over 98% of all global
production and consumption of controlled ozone-de-
pleting substances (primarily CFCs). Under the Proto-
col, the global phase-out of CFCs was achieved by 2010.
According to the United Nations Environment Program
(UNEP), global observations detect that atmospheric
levels of key ozone depleting substances are decreasing,
such that the ozone
layer should return to
pre-1980 levels by
2050 to 2075 (UNEP,
2012). 

GPI 
approach
e overall approach
to calculating the an-
nual cost of degrada-
tion of the ozone

layer follows the method set out by the Utah team
(Berrick & Gaddis, 2011). Global CFC emissions levels
have been dropping since the enactment of the Montreal
Protocol in 1989. ese authors set US national ozone
emissions as one-third of global emissions based on his-
torical levels, extrapolated from 2003 (the last year with
data), then scaled emissions to the state using popula-
tion. ey then assigned a cost of $49,669 per metric ton
to account for the damages that a ton of CFC emissions
caused or will cause to human health and the environ-
ment (Talberth et al., 2007). Talberth et al. claim that UV
damages associated with CFCs have a profound and po-
tentially catastrophic effect to justify their cost estimate,
although no studies are cited to back this up (Talberth
et al., 2007).  

Cost of ozone depletion = (tons of emissions of CFCs at
national level) x (state population/national population) x
($49,669 (2000 USD) per ton CFC)

GPI-HI approach
For the baseline GPI study for Hawai‘i, we followed
Utah’s lead by extrapolating US share of global emissions
in ozone depleting chemicals through 2010 (aer which
they become negligible), multiplying this by the ratio of
Hawai‘i’s population to the national population, then
evaluating the cost by multiplying this by the estimate
of damage per ton of CFC as described above. 

For the year 2009, the cost of ozone depletion for the
state of Hawai‘i is valued at $0.067 million (USD
2000). e average annual cost in the period for which
data was available (from 1990 to 2009) is estimated at
$11 million (USD 2000).

Figure 11. Cost of ozone depletion 2000-2009 (million 2000 USD)
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 9 Introduction to issue

Nonrenewable resource depletion is the extraction of
fossil fuels and other finite energy sources. At one time,
these resources seemed infinite and as accessibility to
these resources increased, so did society’s dependence
upon them. However, by continuously extracting these
resources we are depleting finite sources, negatively im-
pacting the environment, and taking away choices and
opportunities for future generations. As we are forced to
face the ever-increasing needs for energy and tighter en-
vironmental constraints, we will need to find renewable
energy sources to meet this continuous demand.

General trends in Hawai‘i 
In 2010, Hawai‘i had the third lowest per capita energy
use in the nation, thanks to a mild tropical climate that
greatly decreases the need for home heating. However,
Hawai‘i imported 94% of its energy, and as a result had
the highest electricity prices in the nation. e highest
energy demand in 2010 came from the transportation
sector, due in large part to heavy commercial and mili-
tary aviation fuel use. Petroleum-fired power plants con-
tinue to supply more than three-fourths of Hawai‘i’s
electricity generation. Hawai‘i is currently the most
oil‐dependent state in the US with nearly full depend-
ence on fossil fuel imports for its energy needs. Not only
is this costly both economically and environmentally, it
increases Hawai‘i's vulnerability to political, environ-
mental, and economic shocks. 

e table below from the State of Hawai‘i Data Book for
2011 (DBEDT, 2012) provides a breakdown of Hawai‘i’s
energy consumption in trillions of British ermal Units
(BTUs) and sources since 1970. Hawai‘i is still greatly

reliant on fossil fuels, but the use of renewable energy
sources has increased over the last decade. 

Hawai‘i has enough potential capacity for renewable en-
ergy production to meet its energy demands. According
to the National Renewable Energy Laboratory study by
Arent, et al. (2009), the state generates 2,414 MW, 83%
of which using fuel oil, but has 2,133 MW of new renew-
able potential and an additional 2,000 MW of rooop
PV system potential. Already, the state ranks among the
top ten solar-producing states and produces energy from
other renewable sources such as hydroelectricity, geot-
hermal, landfill gas, and other biomass. Hawai‘i is also
one of eight states with geothermal power generation
and ranks third among them in terms of energy gener-
ated (EIA, 2009). Hawai‘i also has great potential for in-
creased energy efficiency. is could be achieved by
retrofitting, as well as construction of "net-zero energy"
buildings that produce as much energy as they use each
year.

At the state level, in 2010 Governor Neil Abercrombie
launched the “New Day in Hawai‘i Plan” which aimed
to change Hawai‘i’s energy policies and bolster the state’s
economy by investing in renewable energies. His initia-
tive built on a 2008 partnership between the U.S. De-
partment of Energy and the state of Hawai‘i to launch
the Hawai‘i Clean Energy Initiative (HCEI). HCEI has
two primary objectives: (1) to “conserve, use what we
need efficiently and (2) convert, harness what we have
wisely” (HCEI, 2010). As a key component to achieving
Hawai‘i's 70% clean energy goal by 2030 set by HCEI,
DBEDT’s State Energy Office is working to design poli-
cies that support energy-efficiency efforts, renewable en-
ergy development, and transportation objectives.
Furthermore, there are currently financial programs that

Year Petroleum Coal Biomass
Municipal 
Solid 
Waste

Geo-
thermal

Hydro-
electric Wind

Photo-
voltaic

Solar 
Hot 
Water

1970 197 27 1.1

1980 248 24 0.9 0.8

1990 284 1 18 5 0 1.1 0.3 2.3

2000 20 15 7 5 2.6 0.9 0.2 0.004 3.5

2005 291 16 5 4 2.3 1.1 0.1 0.02 4.5

2008 258 18 9 5 2.4 0.9 2.4 0.15 5.2

Table 5. Hawai‘i’s Energy by Source (in trillions of BTUs) (DBEDT, 2012)
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Non-Renewable Energy Resource Depletion
will help reduce the costs for implementing energy effi-
ciency measures, such as installing solar water heaters,
upgrades to energy efficient appliances, and construc-
tion. ese financial programs include subsidies, grants,
loans, rebates, and financial incentives. ese programs
are offered through a partnership of DBEDT’s State En-
ergy Office - Efficiency Branch, Hawai‘i Energy (State
Energy Conservation Administrator), and the U.S. fed-
eral government (DBEDT, 2011). 

GPI approach
In order to calculate the environmental and social cost
of non-renewable energy resource depletion, GPI mul-
tiplies annual energy consumption by the cost of replac-
ing that energy with alternate sources. Maryland, Utah,
and Vermont used energy consumption data from the
Energy Information Administration (EIA) and con-
verted it as necessary. Ohio and Vermont used past GPI
studies that measure the cost of replacing petroleum
with ethanol. eir methodology followed valuation
studies by Anielski and Rowe (1999), which estimated
the cost of replacing fossil fuels with ethanol to be
$109.17 per barrel equivalent (2000 dollars) of non-re-
newable energy used. is cost includes probable exter-
nalities associated with massive scaling up of U.S.
ethanol production. Maryland more closely followed
Makhijani (2007), who estimated the cost of replacing
energy from wind and solar energy (50/50 mix) at 8.75
cents per kilowatt-hour and $116 for replacement with
biofuels (per barrel equivalent). e solar/wind price
was applied to the electricity consumed, while the bio-

fuel costs were used for replacing all other uses of fossil
fuels (transportation, industry, etc.). Maryland used the
following equation:

Cost of non-renewable energy resource depletion = energy
consumption x costs of replacement through alternative
sources (e.g., biofuels, wind, solar)

GPI-HI approach
Energy consumption and production at the state level is
closely monitored and the data is compiled and made
publicly available annually from the U.S. Energy Infor-
mation Administration (EIA) as well as the State of
Hawai‘i Department of Business, Economic Develop-
ment & Tourism (DBEDT). e cost of non-renewable
energy resource depletion for the state of Hawai‘i can be
calculated at this time using the cost of replacement as
determined by Makhijani (2007) for wind and solar en-
ergy and biofuels. 

For the year 2010, the cost of non-renewable energy
resource depletion for the state of Hawai‘i is valued at
$4.998 billion (USD 2000). e average annual cost in
the period for which data was available (1980, 1982-
2010) is estimated at $4.197 billion (USD 2000).

All of Hawai‘i’s many forms of alternative power genera-
tion should be used in the future to calculate the cost of
replacing non-renewable energy sources. Further research
into the cost of replacement through geothermal and
wave energy should be considered for Hawai‘i.

Figure 12. Cost of non-renewable energy resource depletion for years with data (1980 – 2010)
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0 Introduction to issue
Households typically take action to protect themselves
and the community against risks from pollution and
incur “defensive” expenditures in the process. ese de-
fensive expenditures are captured as positive additions
to GDP or GSP, even though households are merely
compensating for the negative impacts of pollution and
not necessarily improving environmental quality. Exam-
ples of common defensive expendi-
tures within a household may include
water purifiers, air filters, or noise in-
sulation. To get a better idea of how
much society pays for protection
from pollution, we must first look at
the trends in the generation of the
types of pollution. en we can esti-
mate the associated costs for reducing
the pollution risks via disposal or
abatement methods. Finally, we can
deduct this spending from GDP or
GSP to give a more accurate reading
of social welfare.

e GPI model accounts for the per-
sonal expenditures to abate pollution
related to air, solid waste, and waste-
water at the household level. e
methods developed by Costanza et al.
(2004) and Bagstad and Ceroni (2007) continue to be
the basis for newer GPI studies. GPI identifies common
expenditures for pollution abatement that are indicative
of air (emission controls on vehicles), solid waste (waste
disposal), and wastewater (sewer/septic systems). e
costs across the three categories are aggregated to find
an estimate of pollution abatement activity, which is
then subtracted from the overall GSP. 

Air pollution household 
abatement
e first category, air pollution, can be associated gen-
erally with transportation and more specifically with
households by way of personal vehicle use. Each per-
sonal vehicle is a source of air pollution. An example of
a defensive expenditure is a catalytic converter, installed
to convert toxic carbon monoxide, unburned hydrocar-
bons, and nitrogen oxides into less harmful exhaust.

Trends in Hawai‘i
For Hawai‘i, the number of passenger vehicle registra-
tions can be found in the State of Hawai‘i Data Book
2011 (DBEDT, 2012). As seen in the table below, the
number of passenger vehicle registrations statewide is
variable from year to year, but recently increased 5.5%
from 2010 to 2011.

GPI approach
In previous GPI applications, the costs of air pollution
abatement were calculated using national or state figures
for the number of new passenger vehicles, multiplied by
a cost (in 2000 USD) of $100 for a catalytic converter
(following the 2004 study by Costanza et al.) plus $8.50
for air filters for each new vehicle (as in the 2007 study
by Bagstad and Ceroni). e costs for catalytic convert-
ers were added aer 1977 since they were not widely
used prior to that time (Maryland, 2010). e previous
GPI studies all acknowledged that this equipment rep-
resents just two of many technologies available to con-
trol air emission from cars, so the results serve only as a
lower bound for defensive expenditures.  

To identify the number of new passenger vehicles in the
state, the Maryland GPI team first looked at the change

Year # passenger vehicle registrations Change from
previous year

2003 830,672 --
2004 867,120 + 4.4%
2005 906,799 + 4.6%
2006 907,659 + 0.1%
2007 911,607 +0.4%
2008 903,518 -0.9%
2009 895,770 -0.9%
2010 898,452 +0.3%
2011 951,170 +5.9%

Table 6. Hawai‘i Personal Vehicle Registrations, 2003-2011 (DBEDT, 2012)
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Personal Pollution Abatement
in the stock of registered vehicles from the previous year.
Additionally, the team assumed that given a 13-year
lifespan on average of a personal vehicle, 7.69% of the
stock of registered vehicles will be retired and conse-
quently replaced each year by transferring the registra-
tion (Maryland, 2010). ese new vehicle figures were
multiplied by the costs of catalytic converters and air fil-
ters as noted above. e Utah GPI study estimated fig-
ures for abatement of auto emissions by linking new car
registrations with catalytic converter expenses. In addi-
tion, this study matched vehicle miles traveled with air
filter costs, assuming replacement every 20,000 miles on
average (Berik & Gaddis, 2011). 

GPI-HI approach
For the baseline GPI in Hawai‘i, we followed Maryland’s
example of using the increase in the stock of personal
vehicle registrations plus an estimate of the number of
retired vehicles; this is assuming that retired vehicles will
be replaced by new ones and the existing registration
will transfer. We also assumed the same costs for equip-
ment (catalytic converter + air filter) used in the Mary-
land GPI model. We used the following equation (also
based on the Maryland GPI model and in 2000 USD):

Cost of personal pollution abatement for air pollution = #
new personal vehicles x ($100 for catalytic converter per
vehicle + $8.50 for air filter per vehicle)

In addition to the number of new vehicles, future GPI-
HI efforts will expand on the Maryland model to con-
sider the cost of air filters as a function of vehicle miles
traveled, disaggregated for personal vehicles. Future
GPI-HI tasks will also update the costs for vehicle equip-
ment based on local prices. 

Solid waste household 
abatement
Municipal solid waste (MSW) is a byproduct of our
everyday life, generated by every household.  As gener-
ally defined, MSW includes durable and nondurable
goods, containers and packaging, paper, food wastes and
green wastes generated by households that may be dis-
posed in municipal landfills. MSW in this definition
does not include commercial, construction and demo-
lition, or industrial waste. e costs of waste disposal are

borne by households (via service fees and/or assessed
taxes), regardless of whether the trash is landfilled, in-
cinerated, or recycled.

Trends in Hawai‘i
Waste management is a unique and particularly impor-
tant issue in Hawai‘i. Given the economic importance of
the tourism industry in the islands, waste management
is critical for maintaining aesthetically pleasing land-
scapes as well as disposing of the additional waste that
is generated by visitors. Yet the options for proper dis-
posal of MSW are significantly constrained by the state’s
limited land area and remote location.

In Hawai‘i, the responsibility for MSW management and
residential curbside recycling rests at the city and county
levels on each island in the state. Each county has devel-
oped its own integrated solid waste management plan
outlining collection, diversion, and disposal options
ranging from landfilling, to recycling, to composting, to
incineration. At the state level, the Office of Solid Waste
Management (OSWM) at the Department of Health
(DOH) provides statewide guidance, mandates, and
funding mechanisms to the county level and regulates
landfills and incinerators

e overall objective, at both the city/county and state
level, is to achieve higher rates of recycling and reuse.
is diversion reduces the volume of waste sent to land-
fills, incinerators, or waste-to-energy activities. Hon-
olulu City and County, for example, is working to
increase its material recycling rate to more than 40% of
MSW, compared to current recycling rates ranging from
33.7% in 2007 to 38.7% in 2011 (City and County Hon-
olulu, 2012a). An island-wide curbside recycling pro-
gram for mixed recyclables and green waste was
implemented on O‘ahu in 2010, and although still new,
it contributed to reducing the amount of MSW going to
the landfill by a full 6% in fiscal year 2011 (City and
County Honolulu, 2011). However, constraints on in-
creasing the diversion rate include the size of the on-is-
land market for recyclables and the cost of shipping to
other markets (DOH, 2009). 

Although each county has a solid waste management
plan, Honolulu City and County has the largest volume
of MSW to manage, given that approximately 70% of the
state’s population lives on O‘ahu. e elements of O‘ahu’s
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0 integrated solid waste management plan are illustrated
in the graph below (see www.opala.org for more details)
and includes: general materials recycling; H-POWER
waste to energy incineration; and landfilling of MSW
and incinerator ash at Waimänalo Gulch Sanitary Land-
fill (WGSL). A plan to ship MSW off-island was never
implemented and that waste was later incinerated.

In 2011 on O‘ahu, 26.6% of MSW was sent to WGSL
(City and County, 2012a). is landfill received an ex-
tension to its original closure date and continues to ac-
cept waste while the City and County are exploring other
potential landfill sites. In the same year, 34.7% of MSW
collected was diverted from the landfill and processed
by the H-POWER Waste-to-Energy Facility (City and
County, 2012a). e incineration of MSW typically gen-
erates 5% of the island’s electrical power (Gessel & Lang-
ham, 2009). Diversion from the landfill will increase
even more once the project to expand capacity at H-
POWER by 300,000 tons per year is completed (esti-
mated startup was at the end of 2012). Future plans also
include a new composting facility to process sewage
sludge, green waste, and food waste. According to the
City and County (2012a), the new facility is expected to
increase recycling of sewage sludge by an additional
15,000 tons and food waste by an additional 10,000 tons.

GPI approach
Previous GPI studies used per capita solid waste gener-
ation and associated costs of disposal to estimate yet an-
other household defensive expenditure. ese prior

studies examined national trends in per capita solid
waste generation, generally based on an EPA calculation
of a national average of approximately 4.5 pounds/per-
son/day in 2010 (USEPA 2010). In the cases of absent
data at the state level, the Maryland GPI study scaled
down national per capita figures according to the ratio
of state to national population data (Maryland, 2010).
Maryland follows Costanza et al. (2004) by using a cost
of $100/ton (in 2000 USD) to dispose of household mu-
nicipal solid waste; this figure was based on a 1997 study
for US EPA. 

GPI-HI
For the Hawai‘i case, figures for per capita solid waste
generation were found in three different studies. First, a
report for EPA Region 9 estimated a figure of 1.39
tons/person/year averaged across all islands, translating
into 7.62 pounds/person/day (Kaufman & emelis,
2008). An Integrated Solid Waste Management Plan up-
date for the City and County of Honolulu (2008) esti-
mated 1.87 tons/person/year on O‘ahu, which translates
into 10.25 pounds/person/day. e State of Hawai‘i, En-
vironmental Health Administration within the Depart-
ment of Health estimated 9.2 pounds/person/day
statewide in 2008 (DOH, 2010). All three figures are
high compared to the 4.5 pounds/person/day cited by
the US EPA. However, a direct comparison cannot be
made since the national level calculation excludes some
materials that are included in the city’s tonnage, such as
sludge and small amounts of construction and demoli-
tion debris (City and County of Honolulu, 2008).

Year Total 
MSW 
(tons)

Landfill 
(tons)

HPOWER 
Waste to 
Energy (tons)

HPOWER 
Ash and 
Residue 
(tons)

General 
Material 
Recycling 
(tons)

Total 
Landfill 
Diversion 
(%)

2007 1,345,632 306,691 396,218 189,351 453,372 63.1
2008 1,313,253 233,065 431,599 191,713 456,876 67.7
2009 1,212,760 178,512 418,618 188,683 426,947 69.7
2010 1,210,417 163,736 418,095 179,946 448,639 71.6
2011 1,241,775 166,921 431,175 163,618 480,061 73.4

Table 7. Municipal solid waste stream on O‘ahu in tons (City and County of Honolulu, 2012a)
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Personal Pollution Abatement (Cont.) 
For the baseline study for Hawai‘i GPI we used the low-
est of the three figures for Hawai‘i -- 7.62 lbs/person/day
or 1.39 tons/person/year -- to estimate a lower bound
for this indicator in 2008. We utilized the same figure
for household costs as Maryland’s study, resulting in the
following equation:

Cost of personal pollution abatement for solid waste =
Hawai‘i state population x 1.39 tons/person/year x
$100/ton (in 2000 USD)

Future work on GPI in Hawai‘i will focus on: clarifying
the figure for pounds/person/day across the islands
given the de facto population (i.e., including visitors).
More importantly, we will refine the net costs of disposal
per household, taking into account current assessed tax
rates, variation in cost for disposal methods other than
landfilling, and any by-product revenues from recycling
or reuse.

Wastewater household 
abatement
Wastewater (sewage) is generated from daily activities
in households using sinks, toilets, showers, washing ma-
chines and dishwashers. Wastewater must be treated be-
fore it is released back into the environment to reduce
both human health and ecological risks from pathogens,
excessive nutrients, and other contaminants. For those
households connected to the municipal sewer system,
the wastewater flows to a centralized wastewater treat-
ment plant (WWTP) and is subsequently treated and
discharged or reused. Other households without con-
nections utilize septic or cesspool systems (also known
as individual wastewater systems or IWSs) to collect and
dispose of wastewater. 

Trends in Hawai‘i
e Hawai‘i Department of Health (DOH) regulates
both WWTPs and IWSs for the state. While each rele-
vant city and/or county agency operates WWTPs for its
urban and suburban customers, those homeowners in
rural locations typically must assume the responsibility
of wastewater management. 

In 2008, 152 million gallons per day (MGD) of waste-
water (including both household and industrial) were

treated statewide: 72% treated in the City and County of
Honolulu, 17% in Maui County, 6% in Hawai‘i County,
and 5% in Kaua‘i County (Center on the Family, 2009).
To accommodate for the largest portion of the state’s
population and resulting wastewater, the City and
County of Honolulu operates nine WWTPs and receives
between 100 and 110 million gallons of wastewater daily,
through a system of 2,100 miles of pipelines and 70
pump stations (City and County of Honolulu, 2012b)   

In the state of Hawai‘i, the volume of total wastewater
treated has decreased from 150 MGD in 2006 to 141
MGD in 2011 (DOH, 2012b). DOH also tracks the per-
centage of wastewater reused, refers to the proportion
of wastewater that is treated to an appropriate level and
then used for irrigation. In 2011, the percentage reused
was reported as 13.93%; DOH would like to increase this
rate upwards toward 20% by 2015 (DOH, 2012b). 

GPI approach
In previous GPI studies, the cost of household abate-
ment for wastewater was calculated using the ratio of
households with sewer/septic connections to the total
number of housing units multiplied by costs associated
with each type of system. Most of these GPI studies used
data from the US Census Bureau to estimate the percent
coverage by state. Household abatement costs are related
to either city and county sewage fees or fees for periodic
maintenance of septic systems. Due to variation in sewer
rates across the state, Maryland chose a conservative es-
timate of $4 per 1000 gallons and 91,250 gallons per
household per year or 250 gallons per household per day
(Maryland, 2010). For onsite treatment, the Vermont
(Costanza, 2004) and Maryland (Maryland, 2010) stud-
ies assumed new septic systems cost $4000 (in 2000
USD). Costanza (2004) estimated cleaning costs for sep-
tic systems at $200 (in 2000 USD). Maryland further as-
sumed that based on a cleaning interval of five years, one
fih of households with septic systems would incur
cleaning costs each year. 

GPI-HI
e figures for the proportions of Hawaiian households
with and without sewer connections vary across sources
of information and therefore remain unclear. e US
Census Bureau gathered historical data on the number
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0 of household sewer connections in each state from 1940
through 1990. e figures for 1990 show that 80.2% of
households in Hawai‘i were connected to sewers, 18.7%
utilized septic systems, and 1% used other (US Census
Bureau, 1990). Yet the Clean Watershed Needs Surveys
conducted by EPA in 2004 and again in 2008 found that
the percent of Hawai‘i residents served by WWTPs were
61.9% and 60% respectively (USEPA 2004; USEPA
2008). e remaining households used individual treat-
ment systems for wastewater. A 1999 survey by DOH
found that approximately 19% of the households in the
state relied upon onsite wastewater treatment (DBEDT,
2008).

In Hawai‘i, residential sewer rates are calculated accord-
ing to a base charge to cover operation and maintenance
costs of the WWTP and a sewer usage charge that varies
according to the volume of water used by the household.
e rates vary across the different counties, with O‘ahu
having the highest. On O‘ahu, for example, the base
charge for sewage is $63.23 per unit per month for single
family/duplex residences or $43.47 per unit per month
for multiple units. On top of the base charge, the sewer
usage charge is the cost to collect and treat an average of
80% of the volume of water used by the household and
the monthly single family/duplex usage charge on O‘ahu
is $3.77 per 1000 gallons (City and County of Honolulu,
2012b). e City & County of Honolulu also provides
cesspool services to households not connected to the

municipal system at the request of the customer. e city
pumps cesspools at a rate of $132.90 per load or fraction
thereof (City and County Honolulu, 2012b). 

For the baseline GPI-HI, we followed the lead of previ-
ous GPI studies, using US Census Bureau figures for per-
cent household connections (approximately 80%).
Likewise, we used the following equation (based on
Maryland), retaining the same cost figures but adapting
the model for the number of households in Hawai‘i: 

Costs of personal pollution abatement for wastewater =
(# of households with sewer connections) x ($ typical
sewer fees per year) + (# of households with septic systems)
x 1/5 x ($ for pumping)

Future GPI efforts will aim to find a more recent figure
for the proportion of households with sewer connec-
tions, as well as refine the costs to better reflect what typ-
ical households in Hawai‘i pay for this defensive
expenditure.

For the year 2010, the cost of personal pollution abate-
ment for the state of Hawai‘i is valued at $357 million
(USD 2000). e average annual cost in the period for
which data was available (from 1990 to 2010) is esti-
mated at $318 million (USD 2000).

e table below summarizes the total costs for all defen-
sive expenditures accounted for in the GPI model.

Personal Pollution 
Abatement of:

Parameters
Average Annual 
Cost $ Billions 
(2000 USD)

Cumulative 
Cost  

$ Billions 
1990-2010
(2000 USD)

Air pollution # new vehicles; associated costs of 
pollution control equipment

0.10 2.11 

Municipal solid 
waste (MSW)

MSW per capita; population; 
associated costs of waste 
management

0.17 3.60 

Wastewater # households disaggregated by 
sewer vs. septic systems; associated 
costs of management

0.14 2.87 

Combined 0.318 6.69

Table 8. Defensive expenditures accounted for in GPI
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1 Introduction to issue
Coral reefs are one of the most diverse, rich, dense, and
productive ecosystems on Earth (Bishop et al., 2011;
Needham, 2010). Yet they are also under threat from an-
thropogenic activity, be it directly from overuse from
tourism and recreation (Cesar & van Beukering, 2004a)
or more indirectly from climate change and nutrient
pollution (Needham, 2010). Hawaiian reefs draw more
than 11 million visitors annually, sustain subsistence
fisheries, and dissipate wave energy that have the poten-
tial to damage coastal property and threaten human life
(Cesar & van Beukering, 2004a). High quality reefs in-
crease property values of nearby residential, rental, and
lodging properties. Reefs provide habitat for fish and
marine mammals and produce sand, which in turn cre-
ates beaches. e biodiversity of the reefs themselves
generate significant research activity, which also brings
in millions of dollars each year in research funds spent
in the state. According to another study (Cesar et al.,
2002 as cited in Cesar & van Beukering, 2004a), the
1,660 km2 of coral reef ecosystems around Hawai‘i con-
tribute $360 million annually to the state economy, con-
stituting an estimated overall asset value of
approximately $10 billion. is represents the composite
value of all ecosystem services, or benefits, that coral
reefs provide to society, including tourism, fisheries,
amenity value, and biodiversity, but does not include in-
trinsic value.

General trends
Kaiser et al. (2002) noted coral reefs in Hawai‘i are
younger, simpler, and may be more vulnerable to disease
than other reefs globally. Stress and damage to coral
reefs can impact tourist satisfaction and reduce Hawai‘i’s
natural capital in the long term. In a study by Jokiel et
al. (2004), from 1999 to 2002 monitored sites in Maui,
O‘ahu, and Moloka‘i detected declines in the area of
coral cover up to 6%. Kaho‘olawe and Kaua‘i had mod-
erate increases in coral cover, however, at rates less than
2%. Most of the declines are concentrated in areas with
high human populations and heavy sedimentation (Jok-
iel et al., 2004). In Maunalua Bay, O‘ahu, for example,
the volume and residence time of polluted waters and
sediments have increased because of human activity,
leading to the collapse of the coral population through-
out the area (Wolanski et al., 2009). 

e National Oceanic and Atmospheric Administration
(NOAA) maps the state’s coral reefs by remote sensing,
but that can be spotty. Many individual sites are moni-
tored and assessed on a regular basis, yet more compre-
hensive data representing coral reefs across the entire
state are not available. e Hawai‘i Institute of Marine
Biology's Coral Reef Assessment and Monitoring Pro-
gram (CRAMP) has 60 permanent stations across the
Hawaiian islands that have been surveyed at least twice
over a four year period since 1999 (Jokiel et al., 2004).
e Nä Pali Coast, Hanalei, and Poi‘pü on Kaua‘i; West
O‘ahu, Waikïkï, Käne‘ohe Bay, Hanauma Bay, and
Püpükea on O‘ahu; South Moloka‘i; West Maui, Mä‘alaea
Harbor on Maui; Kaho‘olawe; Kona Coast, Kawaihae
Harbor, and Hilo Bay on Hawai‘i are of particular inter-
est and have been the subject of study for CRAMP
(CRAMP, 2012). e state Department of Land and Nat-
ural Resources (DLNR) and its Division of Aquatic Re-
sources (DAR) are the agencies responsible for
managing coral reefs in Hawai‘i, and have identified a
list of areas of concern under threat from anthropogenic
activity (CRAMP, 2012). 

GPI approach
Not included in the GPI, coral reefs present a unique
asset of particular value for the state of Hawai‘i. e no-
tion of including coral reefs as another “land” type is
supported by the traditional Hawaiian land manage-
ment concept ahupua‘a, according to which entire wa-
tersheds including submerged reefs were considered as
one single management area (Cesar et al., 2002). Similar
to how the application of the GPI in Utah included an
additional grasslands indicator unique to the region
(Berik & Gaddis, 2011), this assessment will account for
the change in coral reef cover to tailor the indicator to
Hawai‘i.

GPI-HI approach
In adapting the GPI to Hawai‘i, the goal is to capture the
value of coral reefs in the state. A GPI should consider
the cost to society of net coral reef cover change. Ideally,
the GPI would monitor the gains and losses in coral area
cover as well as the health and quality of the reefs, which
determine the type and level of ecosystem services reefs
provide. Together with local valuation studies that at-
tempt to measure the reefs’ value to society, it is then



possible to construct the value of coral reefs as a GPI
component.

Similar to how GPI arrived at component scores for
change in land cover, the cost of change in coral cover
could initially be estimated by:

e cost of net coral cover change = (# acres lost) x (esti-
mated coral cover value per acre)

Initially, the focus can be placed on just the area of coral
cover change, regardless of habitat health and quality.
e number of acres of coral cover change will need to
be compiled from local sources. A set of 2007 coral cover
area data produced by the NOAA Coral Reef Conserva-
tion Program is currently available, and further data
may be available from the Pacific Islands Benthic Habitat
Mapping Center covering different years. To date, we
have not identified more recent data, and spatial cover-
age is relatively spotty.

e estimated value of coral cover per acre must then be
estimated. Using Cesar and van Beukering’s (2004b) es-
timate of approximately $360 million/year for 1,660 km2
of coral reef ecosystems around Hawai‘i, a simplistic, ini-
tial valuation would be to use the average value of an
acre of reef in the state applied to all reefs statewide. Fu-
ture studies can then refine this estimate with a richer
and more expansive spatial dataset, expanding on Cesar
and van Beukering’s ecological-economic model that
links ecological indicators
with the value of ecosystem
services.

Continued monitoring and
economic valuation efforts
are necessary for making a
more complete assessment
of coral reefs in the state,
particularly regarding the
cover and condition of the
entirety of coral reefs. A
statewide ecological-eco-
nomic model needs to be
built that links coral reef
area and conditions with
ecosystem service flows
and values in a spatially ex-
plicit manner.
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Submerged Coastal Systems 

Super Sucker, Ka-ne‘ohe Bay, O‘ahu – Kaneko Uchino ©

He‘e – Victoria Martocci ©

‘Omilu – Victoria Martocci ©
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Conclusions
is initial, preliminary exercise to calculate Hawai‘i’s
GPI had a number of goals. First, we aimed to demon-
strate policy relevance of GPI in part by showing how it
is a more holistic indicator than GSP that can better
guide sustainable policy. We used GPI to identify envi-
ronmental trends, such as the costs of water pollution,
greenhouse gas emissions, and land conversion. We also
commenced the compilation of a centralized data repos-
itory of existing data. Relatedly, we identified data gaps
and research needs to strengthen GPI’s comprehensive-
ness and reliability.

Policy relevance
GPI is an exercise to aggregate environmental, social,
and economic changes into one, common indicator that
reflects social progress. is aggregation can offer im-
portant insights into the state’s economy; it also enables
comparison across seemingly incommensurate policy
goals, such as farmland preservation and income equal-
ity. Comparing GPI year aer year can give interested
stakeholders an idea of how “sustainable” the state is.

Our provisional calculations show that economic
growth in the productive sectors of the economy, which
is what is reflected in GSP, has come at a cost of environ-
mental depletion and degradation. With the exception
of the global economic crisis in 2009, Hawai‘i’s Gross
State Product has been increasing each year over the past
decade, but environmental costs of this economic pro-
duction have not been insignificant (Figure 13). 

Future work in the coming year will further adjust the
standard GSP-like indicators with other economic and
social changes. e resulting GPI figure can then directly
be contrasted to GSP. Results will likely show that eco-
nomic growth trends are tempered by associated social
and environmental changes. Policy makers interested in
building a sustainable economy need to reflect on the
various environmental, social, and economic changes
that are not considered in GSP. e GPI enables policy
makers to understand the trade-offs posed by economic
development.

Due to our tourism-based economy and geographic iso-
lation, Hawai‘i is highly dependent on its natural re-
source base. e GPI exercise, while preliminary, offers
some insight into the magnitude of the costs of environ-

Figure 13. Hawai‘i GSP and environmental costs [billion 2000 USD]
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Recommendations
mental depletion and degradation that the state incurs.
ese costs oen go unaccounted for in policy because
they are not bought and sold on a market, and they are
dispersed across society as opposed to being concen-
trated on particular groups. Nonetheless, the costs are
real -- greenhouse gas emissions are causing global
warming; nonrenewable energy resource depletion im-
plies more scarcity in the future; conversion of farmland
implies less food security and aesthetic quality; and loss
of forests, coral reefs, wetlands, and other natural areas
result in less ecosystem service production. 

It is important to note the limitations of these prelimi-
nary calculations. Data were scarce, at times requiring
interpolation between sparse data points or shortened
time horizons. Furthermore, we adapted the state of
Maryland’s GPI model for Hawai‘i, at times using main-
land data and valuations; future research will help tune
the method to the local Hawaiian context.

GPI: Major contributors 
and trends
Based on the GPI calculations, in the year 2000, the state
of Hawai‘i faced environmental degradation costing over
$6.2 billion (2000 USD) (Figure 14) or an estimated
$5,595 per capita for that year. e bulk of this loss was
due to depletion of nonrenewable energy resources ($5.1
billion); the other GPI components are at least an order
of magnitude smaller. is finding reflects the fact that
Hawai‘i is one of the most oil-dependent states in the na-
tion. is represents the environmental and social cost
of using nonrenewable energy instead of renewable
sources, such as wind and solar.

Looking across a longer timeframe, the average total an-
nual cost of environmental degradation was $5.2 billion.
e average cost for each indicator in Figure 15 repre-
sents the average of the years for which there were data.1

Figure 14. Environmental costs in year 2000 [million 2000 USD]
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Clearly, the state’s reliance on fossil fuels constitutes the
largest portion of environmental costs. Environmental
pollution was also a significant cost. Personal expendi-
tures spent to protect oneself from pollution, such as air
filters, drinking water purification, and solid waste dis-
posal, cost Hawaiians an average of $318.4 million per
year. Many of the indicators trend upwards over the
years for which there are data. For example, the cost of
noise pollution has risen as Hawai‘i has urbanized; costs
to avoid pollution have risen as population has grown;
and steadily more costs have been incurred each year
due to increasing farmland loss since 1984 and forest
loss since 2001. Notable exceptions to this persistent up-
ward trend are ozone, which phased out due to interna-
tional policy, and an encouraging slight downward trend
over the past few years in the costs of nonrenewable en-
ergy resource depletion and climate change, though this
was likely driven by the global economic crisis.

Data: repository, gaps, 
and research needs
One of the objectives of this initial baseline exercise was
to commence a data repository of useful environmental
indicators. We located numerous sources of data across
state and federal agencies, and compiled the data into an
Excel spreadsheet. Part of the effort was to perform a
baseline inventory of data required for a full-fledged GPI
exercise in the coming years. is exercise has gathered
some initial data on many of the key components of GPI,
but reveals a number of data and knowledge gaps. For
example, no data exist past year 2000 on wetland areas
in Hawai‘i; data on land uses are conflicting and their
coverage temporally and spatially is spotty; and the ex-
tent and health of coral reefs have yet to be assessed
statewide. 

Figure 15. Average cost of environmental degradation
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Recommendations (Cont.)
ere is obvious value to using a standardized method-
ology to calculate state-level GPI; state GPIs can be di-
rectly compared. at said, the measure is meant to
capture the change in wellbeing due to social, economic,
and environmental changes at the state level. is speaks
to the need to tailor the methods to the local context, in
terms of the components considered (e.g., adding coral
reefs as a type of natural capital), the local conditions
(e.g., considering the impacts of naturally occurring
vog) and values assigned (e.g., recognizing the scarcity
of certain resources in Hawai‘i due to its isolation).
Moreover, GPI’s components and valuation methods ig-
nore important Hawaiian values, for example the cul-
tural importance of some of the land use changes, in
terms of traditional use or symbolism of natural re-
sources, agriculture, natural resource management,
ahupua‘a, and so forth.

Next steps
Our team’s intent is to build on this work over the com-
ing years. One major effort during 2013 will be to com-
plete the remaining components of the GPI model. is
initial exercise concentrated on the environmental com-
ponents of GPI, leaving to another day the social and
economic indicators. Moreover, in building on and eval-
uating other states’ GPI cal-
culations, we recognized a
number of methodological
improvements which we
have incorporated in our
calculations for Hawai‘i, for
example, regarding the cost
of ozone pollution and the
cost of carbon emissions.
We will discuss these errata
with experts in the other
states.

A number of the environ-
mental components of GPI
need to be amended or ex-
panded to the Hawaiian
context. For example, for
water quality, we used local
data on the percentage of
streams considered im-
paired to calculate the water

pollution component of GPI. We did not consider
coastal water quality, however; beach closure days cer-
tainly should be incorporated as a cost of poor water
quality. Other GPI components now draw on national-
level datasets, while localized data would give a more ac-
curate accounting. Further, we will consider whether
other natural assets important for Hawaiians’ wellbeing
should be included; for example, we added change in
area of coral reefs to the GPI model, but did not have
sufficient data to undertake the calculation.

A related research need is to conduct localized valuation
studies that capture the cost of changes in each environ-
mental indicator, such that they accurately reflect the
cost to society. For example, in considering coastal water
quality, we would like to conduct a valuation study that
assesses the cost of beach closures in terms of tourism
dollars lost, recreational benefit foregone, and fisheries.
e value of clean streams currently draws on national
figures, and needs to be localized. A further example
would be to assess the value of wetlands in Hawai‘i; wet-
lands host biodiversity, protect coastal property from
wave energy, filter sediment from storm water runoff,
and mitigate floods. e value of wetlands in Hawai‘i
will likely be far different than in Maryland, Utah, or
elsewhere.

Ulupo- Heiau, Kailua, O‘ahu 
– Bruce Behnke ©



Hale o Lono Heiau, Waimea Valley, O‘ahu – Hi‘ipaka LLC ©

Recommendations (Cont.)
Outside of research needs and goals for the short term,
the team from Hawai‘i Pacific University and University
of Hawai‘i Mānoa plan to build awareness about the en-
vironmental, social, and economic contributors to well-
being, using GPI to illustrate magnitudes and trends.
e research team will employ the model to encourage
discussion among state agencies and other stakeholders
to not only raise awareness but also create a sense of
ownership of the GPI concept. e team will use stake-
holder input and expertise to better refine the method,
particularly in terms of data collection and adapting the
components to the local context. Further, the team will
seek to connect the GPI exercise to state priorities. We
foresee that the GPI exercise can add value to, reinforce,
and help evaluate the outcomes of many of the state’s
sustainability policy priorities, including the Governor’s
“A New Day” initiative, DLNR’s “e Rain Follows the
Forest”, the Hawai‘i 2050 Sustainability Task Force’s ob-

jectives, the Hawai‘i Clean Energy Initiative, and diverse
watershed and smart growth community management
plans. A major effort over the coming year will be dedi-
cated to building a constituency who can contribute to
and use the GPI. 

e research team will be building a website that dis-
seminates the GPI results, drawing on Maryland’s exam-
ple. All data will be available, linked to their original
sources. As the data.Hawai‘i.gov initiative takes hold, we
hope that the original sources of data used in calculating
GPI will be easily available to the public and we will sim-
ply link to them. e GPI website, hosted at CTAHR at
UH Mānoa, will disseminate the data during the inter-
mediate time the state database is being populated. e
website will also enable the public to access reports and
publications, analyze the current GPI calculation, and
run scenarios.
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– Rob Shallenberger ©
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Mo-li (Laysan albatrosses)
spend the non-breeding 
season (July to October) 10-
20 miles offshore hunting for
squid, fish eggs, crustaceans,
and fish. ey return to land
only to breed and raise their
young. Over 70 percent of the
world’s population of Laysan
albatrosses nests on Midway
in the Northwestern 
Hawaiian Islands.

-
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Every aspect of our lives is intertwined 
with the natural resources of our islands.

Our survival is literally dependent on proper stewardship.
A strong economy is not one based on unfettered consumption 

of our natural resources, but instead one that is
sustainable over time.

– Governor Neil Abercrombie,
A New Day in Hawai‘i
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