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ABSTRACT

The use of Gross Domestic Product (GDP) as the primary measure of economic progress
has arguably led to unintended consequences of environmental degradation and socially
skewed outcomes. The Genuine Progress Indicator (GPI) was designed to reveal the trade
offs associated with conventional economic growth and to assess the broader impact of
economic benefits and costs on sustainable human welfare. Although originally designed
for use at the national scale, an interest has developed in the United States in a state-level
uptake of the GPI to inform and guide policy. However, questions exist about the quality
and legitimacy of the GPI as a composite indicator. These questions include concerns
about the underlying assumptions, the monetary weights and variables used, statistical
rigor, magnitude of data collection required, and lack of a transparent governance
mechanism for the metric. This study aims to address these issues and explore the GPI
through a design-thinking lens as both a design artifact and intervention.

The leading paper in this dissertation offers the first GPI accounting for all 50 U.S. states.
State GPI results are introduced and compared to Gross State Product (GSP). Then an
analysis of the components to GPI reveals which drive the differences in outcomes,
including examining the sustainability aspects of the state-level results. The second paper
investigates the quality of the GPI as a composite indicator by testing its sensitivity to
numerical assumptions and relative magnitudes of components, with particular attention
to the possible unintended policy consequences of the design. The third paper seeks to
answer the question of both efficiency (data parsimony) and effectiveness (comparatively
to other indicators) by analysis of correlations between GPI components and with other
state-level indicators such as the Gallup Well-Being Indicator, Ecological Footprint, and
UN Human Development Index. To garner insight about possible GPI improvements,
goals, and governance gaps in the informal U.S GPI network, the final paper dives into
processes, outputs, and outcomes from the community of practice as revealed through a
facilitated U.S. GPI workshop.
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CHAPTER 1: INTRODUCTION

In recent years there has been an uptick in demand for and proliferation of
sustainability metrics. Undeniably, indicators define a problem and direct its solution.
Without measuring the balance of economic, social, and environmental outcomes,
organizational leaders and governance bodies cannot actively manage for sustainability as
an objective. As Donella Meadows, renowned systems thinker, points out, “Missing
information flows are among the most common causes of system malfunction”
(Meadows, 2008, p. 157). By obtaining more accurate information about sustainability,
decisions makers at all levels may be able to prevent system malfunction or collapse. At
the governance scale, this would be facilitated by a consistent metric to measure policy
impacts towards the goal of higher sustainability and higher well-being.

In the absence of a widely-used, consistent metric, many alternative sustainability
metrics have been developed by various organizations, including the Global Reporting
Initiative (www.globalreporting.org), Carbon Disclosure Project (www.cdp.net), Human
Development Index (UNDP, 1990), Ecological Footprint (www.footprintnetwork.org),
Inclusive Wealth Index (UN, 2012), and the Genuine Progress Indicator (GPI) (Cobb,
Halstead, & Rowe, 1995) to name only a few. In addition, many cities and regions are
developing their own economic, social, and environmental indicators to support
policymakers in understanding policy impact though the lens of sustainability
(www.starcommunities.org).

Many of these sustainability indicators have been posed as an alternative to

traditional metrics of economic welfare. Since the Great Depression, the primary



information tool that governance bodies have used to gauge the progress of societies and
the impact of policy choices is the Gross Domestic Product (GDP). In fact, this
information is so critical that the U.S. Department of Commerce christened the
development of the national income and product accounts as “its achievement of the
century” (BEA, 2000). GDP was originally developed as a tool for communicating to
policy makers information about production and consumption. However, over many
decades, growth of GDP has been conflated to the goal of policy with the implicit
assumption that growing GDP indicates an increase in societal well-being. Shifting GDP
from an information flow to a goal moves it into a much more powerful role, one of the
highest leverage points for system change according to Meadows (2008).

In an ‘empty world’ with plenty of untapped natural resources and small
population, maintaining GDP as the metric of success may have been appropriate. And
indeed, up to a certain point, well-being and GDP can increase in tandem. However, GDP
has long been criticized as an insufficient metric for understanding success in a ‘full
world,” especially in developed countries. In recent decades multiple environmental and
social critiques of GDP as a measure of economic welfare have emerged (e.g., Ayres,
1996; Dale & Townsend, 2002; Daly, 1977; 1996; Hamilton, 2003; Jackson, 2011; Schor,
2010; Speth, 2008) including a Commission on the Measurement of Economic
Performance and Social Performance chaired by Nobel prize winning economists Joseph
Stiglitz and Amartya Sen (2010). Much of the criticism of GDP revolves around a lack of
differentiation of costs from benefits of economic growth, including for example the

costs of inequality, regrettable defensive expenditures, uncounted environmental
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externalities, depletion of natural resource assets, and trade-offs with non-work uses of
time.

The challenge identified early on by economists is to develop a composite
indicator that can gauge the sustainability of the economy to contribute to human welfare.
Two notable efforts that attempted to build on GDP to this end include the Measure of
Economic Welfare (MEW) by Nordhaus and Tobin (1972) and the Index of Sustainable
Economic Welfare (ISEW) by Daly and Cobb (1989). The MEW is essentially GDP
corrected for “regrettable” defensive expenditures and income distribution. The ISEW
expanded on this work by deducting further environmental costs, as well as considering a
broad range of social costs and tradeoffs with GDP growth. The ISEW correlated with
GDP for developed countries through the 1970s, a finding that is supported by the
original MEW work. However, beginning in the late 1970s the GDP continued to grow,
while the trajectory of ISEW flattened. In the 1990s, the ISEW was modified by Cobb et
al. (1995) into the Genuine Progress Indicator (GPI). ISEW and GPI build on the concept
of welfare-equivalent income or psychic income, first formulated by the economist Irving
Fisher (1906) referring to the welfare households derive from their consumption
activities. This definition of income moves the focus away from the goods (income)
produced in a given year to the services that these goods provide for the consumers, net
of their full, integrated production costs (Lawn, 2003).

The GPI is a multi-dimensional composite indicator that accounts for the impact
of the embedded economic system on the larger social and environmental systems, as

well as the distribution of benefits and burdens, in a single monetary number through a
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series of 24 adjustments to standard GDP accounts. It has been developed and modified
over the last two decades utilizing mixed methods from environmental economics (e.g.
pollution and climate change costs), natural resource economics (e.g. depletion costs),
and various heterodox approaches to other social and economic adjustments. These
methods are detailed in several publications, including the original ISEW method from
Daly and Cobb (1989), national-level GPI studies originally done for the US (Talberth,
Cobb, & Slattery, 2007), and the original state-level GPI method developed by Costanza
and colleagues (2004).

The development of GPI represents a significant shift in thinking regarding how
to measure economic progress. Peter Senge, author of The Necessary Revolution,
commented that “the deep problems we face today are not a result of bad luck or a greedy
few. They are the result of a way of thinking whose time has passed” (Senge, 2008, p. 7).
This “way of thinking” is based upon the implicit belief that economic growth is always
good. On the contrary, economic growth often consumes finite resources, degrades
renewable resources, and can be unbalanced between rich and poor, underworked and
overworked, and can bring about more costs than benefits, especially in a ‘full world.’

GPI was designed to reveal the tradeoffs associated with conventional economic
growth, and signal when costs outweigh the benefits of growth; what Daly considers
uneconomic growth. When uneconomic growth occurs, GPI begins to decline, despite a
continued increase in GDP. In essence this represents a ‘well-being gap’ where
degradation in social and environmental conditions more than offset the value of

economic growth. This idea is distilled by Max-Neef’s (1995) “threshold hypothesis,”
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that growth contributes to well-being only up to a threshold income level. Specifically,
GPI may be thought to be seeking to answer the question, “Have we surpassed the
optimal scale of the economy?” It is therefore based on the assumption that there may be
a time when countries (or other regional scales that use metrics) may need to turn away
from the conventional economic growth objective and instead target a broader more
holistic objective focused on balanced improvement of social, environmental, and
economic outcomes (or what some may term sustainable development). In addition to
scale, GPI also includes another mainstay of ecological economic theory — distributive
equity — through its income inequality adjustment. A further foundational concept
embodied in GPI is the ‘principle of internalization’ with Daly and Cobb (1989) stating,
“[i]t is not a question of choosing whether to pay or not pay external costs. The costs are
there and will be paid by someone.” In other words, GPI is designed as a tool that can
help quantify the tradeoffs associated with economic growth to understand if sustainable
development is occurring.

The development of GPI reflects the concern for sustainable development in
international and national policy communities. The idea of sustainable development
migrated from a relatively unknown article from International Union for the Conservation
of Nature and Natural Resource in 1980, through several popular ‘green’ books,
culminating in 1987 as the central organizing concept of the Brundtland Commission
Report which defines sustainable development as “development that meets the needs of
the present without compromising the ability of future generations to meet their own

needs” (Jamieson 1998; Williams & Millington 2004). The concept of “sustainability” is



at best ambiguous, simultaneously being located in many fields: economics, public
policy, ethics, biological and social sciences (Stables & Scott 2002). However, it is
exactly the ambiguity of the term “sustainability” that makes it an ideal place to initiate
policy discussions. Ehrenfeld (2005) suggests that, “sustainability can serve as an
umbrella, sheltering and bringing together in dialogue people with widely divergent
views who nevertheless share some common principles” (p. 34). As an ambiguous
concept, “sustainability” is in good company — for centuries societies have been
attempting to define such core values as freedom, equality, and justice with outcomes
including such documents as the United States Constitution (Padoch & Sears, 2005).
Values are “an inextricable part of defining and operationalizing” sustainability;
sustainability can be defined only with reference to specific objectives and specific world
views (Lele & Norgaard 1996, p. 361).

GPI was intended to embody the values of ‘weak sustainability’ or the
“ecologically efficient production of human well-being” (Pachlke 2005, p. 36). ‘Weak
sustainability’ advocates realize that “this well-being is at least partly determined by the
natural environment” (Lele & Norgaard 1996, p. 355). But weak sustainability does not
focus primarily on the environment, choosing instead to focus on human survivability
and the avoidance of ecological disaster (Jamieson, 1998). Therefore, the weak
sustainability version of sustainability is more about “sustaining human well-being rather
than sustaining environment, nature, ecosystems, or the Earth’s life support system” and
assumes a degree of substitution between human and natural capital (Williams &

Millington 2004, p. 100). Ultimately, one of the goals of the GPI is to acknowledge that

6



there are tradeoffs between the three pillars of sustainability - economics, social,
environment - as they affect our aggregate welfare which is consistent with the weak
sustainability foundation: it is possible to moderately deplete natural or social capital,
while expanding income and consumption to produce rising per capita genuine progress.

The measurement of genuine progress can be enriched by applying a “design
thinking” paradigm. Design thinking encourages us to, “approach a large scale change as
two simultaneous and parallel challenges — design of artifact and design of intervention
that brings it to life — you can increase the chances it will take hold” (Brown & Martin,
2015, p. 5). A “design artifact’ can be a product, tool, or system — in this case, GPI is the
artifact. A ‘design intervention’ is related to iterative prototyping and “empathy with the
user.” The intervention is ultimately what leads to effective uptake or use of the artifact
(Kolko, 2015, p. 68). Within this rational, in order for GPI to be successfully absorbed
into governance culture, it must be exposed to many users, in this case policy makers, and
modified to meet their needs.

Originally, GPI was designed as composite indicator for national policy makers;
however, in service of that desired outcome and in alignment with design thinking theory,
an intervention has been initiated to spur national GPI adoption by propagating
implementation through a threshold number of U.S. states. By using a ‘GPI in the States’
intervention, in particular if it is across all 50 states, the GPI prototype will be able to be
improved upon by the feedback of multiple users and also, hopefully, become a tool that
is user-friendly and supportive of user needs leading to more adoption. Indeed, Haggart

(2000) notes that “government support is a major reason why the GDP was accepted,



becoming the most widely used indicator. Only government can give an indicator
program the recognition, the resources, and the data base needed to make an indicator
anything more than a semi-authoritative number designed to fit the needs — ideological,
financial or otherwise — of its creator.”

Interest in calculating subnational GPI has led to multiple applications to date
including Vermont (Costanza et al., 2004), the San Francisco Bay Area (Venetoulis &
Cobb, 2004), Northern Forest (Bagstad & Ceroni, 2007), Ohio (Bagstad & Shammin,
2012), Maryland (Posner & Costanza, 2011; McGuire, Posner, & Haake, 2012) Hawaii
(Ostergaard-Klem and Oleson, 2014), Utah (Berik & Gaddis, 2011), and the Canadian
provinces of Alberta (Anielski, 2001) and Atlantic Canada, (http://www.gpiatlantic.org).
The subnational GPI measures in Vermont and Maryland go beyond only computation
and are being considered an opportunity for understanding policy outcomes.

As GPI accounting has moved from development and advocacy to
implementation and policy application, there is a growing need to reassess its theoretical
foundations and standardize estimation procedures. Many researchers have raised
questions about the quality and legitimacy of the GPI as a composite indicator for
sustainable human welfare including concerns about the underlying assumptions and the
monetary weights and variables used, statistical analytic rigor, extent of data collection
required, and lack of a governance mechanism for the metric (e.g., Atkinson, 1995;
Neymayer 1999, 2000; Lawn, 2003, 2005; Brennen, 2008; Beca & Santos, 2010).
Fundamentally, the question is whether GPI is effectively and efficiently measuring the

sustainability quality of economic growth.



An accepted approach for evaluating composite indicators can be found in the
OECD ‘Handbook for Constructing Composite Indicators’ which provides clear guidance
on performing methodology quality assurance and standard for ensuring indicator
legitimacy. Echoing design thinking’s emphasis on ‘user empathy,” the OECD defines
the ‘quality’ of a composite indicator as “fitness for use” in terms of users’ needs, “The
most important quality characteristics depend on user perspectives, needs and priorities”
(OECD, 2008, p. 44). ‘User empathy’ suggests both that policy options are implied by
metric design and that the process required for generating the metric may affect user
uptake. The OECD recommendations also support the design thinking notion of
thoughtfulness about the implementation or intervention used for the ‘artifact’ or
composite indicator, “Too often statistician do not pay enough attention to this
fundamental phase [dissemination], thus limiting the audience for their products and their
overall impact” (OECD, 2007, p. 49).

This dissertation seeks to systematically investigate the operational features of
GPI based on insights derived from the 50 U.S. state GPI estimates. Using these data, it is
possible to compare GPI and GSP outcomes and also characterize both individual
component and aggregate GPI sensitivities, variance, and correlations. From these results,
conclusions can be drawn about possible improvements and future steps for GPI
adoption.

The first paper in this dissertation reviews the methodology of GPI and offers the
first estimate of GPI as a composite indicator for each of the 50 states in the US for one

year using a consistent methodology. State GPI results are introduced and compared to
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state GSP results. Then analysis of the components themselves reveals key drivers of GPI
and which components drive the differences between the states. The paper concludes
with an examination of the sustainability aspects of the state-level results.

The second paper, grounded in applying recommendations of OECD 2008
Handbook of Constructing Composite Indicators, scrutinizes the underlying assumptions
and the monetary weights and variables used in GPI. This is accomplished by testing
whether the indicator is dominated by a single component and how sensitive GPI
outcomes are to assumptions embedded in the component calculations. Since a primary
goal of GPI is to support sustainable policy choices, investigating these sensitivities
reveals possible unintended policy consequences of the indicator design and highlights
the need for a holistic predictive GPI model where important interdependencies between
the components can be quantified.

The third paper is based on the idea that in order for GPI to become a legitimate,
widely accepted metric for success it must have a reputation for being statistically
rigorous and transparent. Therefore, this paper seeks to address the efficiency of GPI
(data parsimony) by analyzing correlations between components, as the OECD guidance
prescribes. This paper also uses correlations to explore GPI’s effectiveness as a
sustainability indicator compared to other state-level indicators such as the Gallup Well-
Being Indicator, Ecological Footprint, and UN Human Development Index.

The final paper provides insights about possible GPI methodology improvements
and governance gaps in the U.S. GPI network. It investigates processes, outputs, and

outcomes from the network, as revealed through a facilitated U.S. GPI workshop. The
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workshop highlighted the current lack of a governance mechanism for the metric.
Building on the insights from the workshop, a network governance model for the GPI is
explored by applying lessons from two tools: Gross Domestic Product and the Global
Reporting Initiative.

Collectively, these papers seek to characterize the nature of GPI by investigating
whether GPI is operationalizing sustainable human welfare both effectively and
efficiently. Ultimately, this study reveals (1) the challenges of converting a national-level
metric to the state level, (2) opportunities for improved data parsimony, (3) insights about
the sensitivity of assumptions embedded in the component calculations, (4) the need for a
predictive GPI model to guide policy choices, and (5) the prerequisite for clear GPI

governance to empower future adoption.
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CHAPTER 2: GENUINE ECONOMIC PROGRESS IN THE UNITED STATES:
A S50-STATE STUDY AND COMPARATIVE ASSESSMENT
2.1 Introduction

Gross domestic product (GDP) has been the primary metric used by national and
state governments to gauge standard of living and help guide economic and social policy.
Prior to the development of national income accounting in the 1940s, governments had
sparse and incomplete data on the size and direction of the macroeconomy, contributing
to uncertainty about the role and impact of policy (BEA, 2000). Today, national income
and product accounts are sacrosanct to policy-making, declared as the “achievement of
the century” by the U.S. Department of Commerce (BEA, 2000). However, as an artifact
of the mid-20™ century, the usefulness of GDP as a metric of progress in the 21* century
has been subject to much discussion, debate, and proposals for both modifications and
alternatives.

In recent decades multiple environmental and social critiques of GDP as a
measure of economic welfare have emerged (e.g., Ayres, 1996; Dale & Townsend, 2002;
Daly, 1977, 1996; Hamilton, 2003; Jackson, 2011; Schor, 2010; Speth, 2008) including a
high profile Commission on the Measurement of Economic Performance and Social
Performance (2009) chaired by Nobel prize winning economists Joseph Stiglitz and
Amartya Sen. Much of the criticism revolves around a lack of differentiation of costs
from benefits of economic growth, including the costs of inequality, regrettable defensive
expenditures, uncounted environmental externalities, depletion of natural resource assets,

and trade-offs with non-work uses of time. One composite indicator that addresses many
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of these issues through a lens of sustainability is the Genuine Progress Indicator (GPI).

Developed at both the national and sub-national level, GPI provides a general
assessment of the quality of economic growth through a series of 24 adjustments to
standard GDP accounts. GPI developed as an extension of the earlier work of Daly and
Cobb (1989) on the Index of Sustainable Economic Welfare (ISEW). Initial studies were
conducted for the US at the national scale (Anielski & Rowe, 1999; Talberth, Cobb, &
Slattery, 2007) and have since spread to over 17 national applications (Kubiszewski,
Costanza, Franco, Lawn, Talberth, Jackson, & Aylmer, 2013). However, due to a lack of
federal policy uptake, recent attention of both the academic and advocacy communities
has turned to state-level application and adoption. In the US, following the lead of
Maryland and Vermont, there are now over a dozen state estimates of GPI, and an
informal network of practitioners is working towards standardizing accounting
procedures and sharing policy applications (e.g., Bagstad & Shammin, 2012; Erickson,
Zencey, Burke, Carlson, & Zimmerman, 2013; McGuire, Posner, & Haake, 2012).

As GPI accounting has moved from development and advocacy to
implementation and policy application, there is a growing need to reassess theoretical
foundations and standardize estimation procedures. In this vein, this study provides the
first estimate of GPI for each of the 50 states in the US for one year using a consistent
methodology. The goal is not to provide commentary on specific states or promote a
winners and losers analysis. Rather, this paper seeks to provide insights that can arise

from 50 case studies of GPI that use the same data and methodology to support a richer
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understanding of the “design artifact” of GPI, leading to a deeper potential for a “design
intervention” (Brown & Martin, 2015).

Following a review of the current state of analysis and critique of GPI, with
particular focus on U.S. state applications, we provide an overview of methodology and
database development for the 50-state study. Results of the study are then presented,
including discussion of lessons learned through a 50-state application. The paper
concludes with suggestions for further research and next steps to consolidating a
consistent methodology.

2.2 GPI in the States

Peter Senge, author of The Necessary Revolution, commented that “the deep
problems we face today are not a result of bad luck or a greedy few. They are the result of
a way of thinking whose time has passed” (2008, p. 7). This “way of thinking” is that
economic growth is only ever good. Indeed, economic growth brings costs as well as
benefits, especially in a ‘full world,” long argued by ecological economists such as
Herman Daly (e.g., Daly, 1987; 2005).

GPI, and its pre-cursor ISEW, were designed to reveal the trade offs of
conventional economic growth. Daly (1987) refers to “uneconomic growth,” when
marginal costs outweigh the marginal benefits of the next increment of growth, as a
phenomenon that is now occurring in many developed nations. This is seen in numerous
GPI studies at national and state levels as a widening ‘well-being gap’ between GDP and
GPI with a turning point of maximum GPI achieved as early as the 1970s in nations such

as the US (Anielski & Rowe, 1999; Talberth et al., 2007). The strength of GPI has been
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this comparability with GDP, providing an avenue of inquiry on the desirability and
quality of growth. Ultimately, one of the ambitions of the GPI is to gauge the
interrelatedness of the three pillars of sustainability - economic, social, environment - as
they affect aggregate welfare, albeit an indicator of ‘weak sustainability’ that allows for
full substitution between all variables (Neumayer, 1999).

Originally designed as a national composite indicator and policy lens, in recent
years GPI has been estimated and adopted at sub-national levels in the US and Canada.
The first U.S. state-level study was conducted for the State of Vermont (Costanza et al.,
2004). The State of Maryland became the first government-sanctioned GPI effort with a
2010 executive order of former Governor Martin O’Malley. In 2012, the Vermont state
legislature passed, “An Act Related to the Genuine Progress Indicator,” which mandates
yearly updates to Vermont GPI in cooperation with the University of Vermont’s Gund
Institute for Ecological Economics. Thus, with the involvement of governments and
academia, both the practitioner and academic spheres have been directly or indirectly
contributing to this broad, state-level intervention (Brown & Martin, 2015).

A loosely cohesive “GPI in the States” initiative (GPlinthestates.com) was
launched by representatives from 20 states at a series of meetings convened by the
Governor of Maryland in October 2012 and June 2013 with assistance from Demos, a
progressive policy organization. A follow-up meeting with GPI practitioners was
convened at the Gund Institute for Ecological Economics at the University of Vermont in
Spring 2014. For this meeting, an initial GPI estimate for 50 states was produced by a

graduate ecological economics class to be used as the springboard for innovation towards
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a new standard, often referred to as “GPI 2.0.”
2.3 The 50-State GPI Study

The GPI is a composite index of the quality of economic activity arrived at
through mixed methods from environmental economics (e.g., pollution and climate
change costs), natural resource economics (e.g., depletion costs), and various heterodox
approaches to other social and economic adjustments. These methods are detailed in
several publications, including the original ISEW method from Daly and Cobb (1989),
national-level GPI studies (Talberth et al., 2007), and the original state-level GPI method
developed by Costanza et al., 2004.

In summary, the GPI is a linear equation in which 7 benefits and 18 costs sum to a
single monetary measure of economic welfare (summarized in Figure 1.1). GPI is
grounded in Fisherian concept of income, a net “psychic income” that deducts harmful
aspects of consumption from useful components (Lawn, 2003). Each of the components
is reflected in monetary terms which facilitates the simplicity of the equation and the
ultimate single monetary output. A business parallel may be that GPI accounts for both
welfare-enhancing revenues as well as expenses or debits that demonstrate welfare
decline. GPI components can also be grouped into the three pillars of sustainability:
economic, social, and environmental components. Parsing the components into the
sustainability pillars results in six economic, nine social, and ten environmental

components.
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Figure 2.1 GPI Benefit/Cost Component Equation

Using the same baseline as GDP of household personal consumption expenditure
(PCE) as a proxy for material welfare, the GPI methodology then adjusts this expenditure
by 24 variables starting with income inequality based on the Gini coefficient, resulting in
an equity-weighted basis of PCE. The foundation of an inequality-adjusted PCE reflects
both the assumption that consumption denotes an individual’s ability to improve their
own well-being and the hypothesis that the marginal well-being benefit of an increase in
income is larger for lower income compared to high income individuals. Net capital
investments is considered the foundation to future production for future consumption and
therefore are included. Also, by including both the services and costs of durables, GPI
attempts to reward household level investments (durables) that last longer and therefore
will not require more resource consumption through premature replacement in the future.

In addition to inequality not being considered in GDP calculations, positive
nonmarket services that enhance social cohesion and well-being are also excluded. To
correct this and reflect the value of social sustainability, GPI adds in the value of nonpaid
household and volunteer labor using wage rates to value these welfare-enhancing hours.

GPI does not initially include government expenditures because they are assumed to be
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primarily defensive expenditures; however, some common pool assets are added back in,
including services of highways and streets and positive externalities of higher education.

It can be argued that household labor, volunteer time, higher education, and
services of streets and highways support and foster stronger families and engaged
communities, while other social components of GPI identify metrics that demonstrate that
society is experiencing a decline in social coherence or a lower level of well-being
including costs of crime, commuting, automobile accidents, underemployment, family
breakdown and lost leisure time. These welfare losses, or regrettable expenditures, are
monetized using various valuation methods and then subtracted.

Costs of the erosion of social sustainability is added to the costs of the loss of
natural resources and environmental quality including the cost of non-renewable resource
depletion, air pollution, water pollution, loss of wetlands, loss of forests, and loss of
farmland. Daly and Cobb (1989) saw such resource liquidations as “economic liabilities”
(p. 379). Other negative environmental externalities of consumption and production
included in GPI are the cost of ozone depletion, cost of climate change, and the cost of
noise pollution. The regrettable expenses on waste reduction at the household level is
included separately through the personal pollution abatement component.

These components of GPI were first established in national level studies, then
modified for state-level estimates beginning with the decadal estimates for Vermont from
1950 through 2000 (Costanza et al., 2004). Since then many disparate GPI U.S. state-
level studies have been completed using diverse methodologies often reflecting local

datasets, local geographies, or to catalyze relevance for local policy. GPI estimates have
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been published for subnational levels for at least seven other locales, including Vermont,
Chittenden County, Burlington (Costanza et al., 2004); Northern Vermont (Bagstad &
Ceroni, 2007); Northeast Ohio (Bagstad & Shammin, 2012); Baltimore City, Baltimore
County, and Maryland (McGuire et al., 2012; Posner & Costanza, 2011); Oregon
(Kubiszeski et al., 2015); Hawaii (Ostergaard-Klem & Oleson, 2014); and Utah (Berik &
Gaddis, 2011). There are also state-level GPI studies written by researchers or state
employees that have not been published in peer reviewed journals, including for
Minnesota (Minnesota Planning Environmental Quality Board, 2000), Michigan
(Michigan State University), Colorado (Stiffler, 2014), Missouri (Zencey, 2015),
Washington (Results Washington, 2013), Massachusetts (Erickson et al., 2014;
Assumption College), Hawaii (Hawaii Department of Health, 2013), and Alberta
(Anielski, 2002).

Each state-level study has resulted in modifications to the GPI methods, reducing
comparability between studies. Two general standards have emerged, including studies
using the “Vermont/Maryland” method (Bagstad & Ceroni, 2007; Constanza et al., 2004;
Erickson et al., 2013; Posner & Constanza, 2011) and the “Ohio/Utah” method (Bagstad
& Shammin, 2012; Berik & Gaddis, 2011). Based on insights from this variance in state-
level methods, Bagstad, Berik, & Gaddis (2014) published suggested updates for a GPI
2.0. Some of the key methodological differences between the two dominant state models
include:

(1) Cost of climate change in the UT methodology is based on consumption of
consumer goods in addition to energy to include embedded emissions in products
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generated outside of the state;

(2) Calculating the value/benefit of ecosystem services in the UT method rather than
the cost of ecosystem service loss in the VT method against a selected baseline
year estimate;

(3) Personal consumption expenditure is lowered further in the UT method with
deductions of spending on tobacco, alcohol and junk food;

(4) The value of higher education is not a component in the UT method because it is
assumed to already be captured;

(5) UT uses different values and sources for air and water pollution to those used in
the VT method; and

(6) American Time Use data is used in the UT method for household labor, volunteer
work, leisure time, underemployment, commuting, and family breakdown, plus
the UT method uses a 128% multiplier of the average hourly wage rate to value
leisure time.

The Vermont/Maryland methodology as summarized for the Vermont state
legislature in Erickson et al. (2013) was used as the basis for this study. The year with the
most complete dataset was 2011, including new state-level estimates for Personal
Consumption Expenditure by the Monetary units were converted into 2011 U.S. dollars
using regional Consumer Price Indices (CPI) from the U.S. Bureau of Labor Statistics for
the Northeast, South, Midwest, and West. Table 2.1 summarizes data incorporated for
each sub-indicator, including data ranging from all state-level, to partially state-level, to

fully national-level scaled by state population.
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Table 2.1

Summary of Variable and Valuation Data for 50-State GPI Study

Component Variable Dataset Scale Valuation Dataset Scale
Personal Consumption State-level BEA State
Inequality State Gini by US State &
Gini baseline National
Benefits of Consumer National percentage  State &
Durables of income spent on National
consumer durables,
state-level income
Costs of Consumer National percentage  National
Durables of income spent on & State
consumer durables
by state-level income
Underemployment State (un-, under) State &  State average wage State
employment rates, national
(also using
national hours
spent searching
for work in new
model), State
labor force
Water Pollution State data on U.S Average Value National
waters degraded of Degraded water
Air Pollution Ozone depleted State National damages National
days of the state from Freeman
values by state (1982)
population
Cost of Forest USDA State forest Forests: $318/acre
cover. (Pearce et al. 2001)
Estimates of pre-
colonial state
Jforest cover
Cost of Wetland State agency State 2 national numbers National
estimates of (pre-1949, 1950
current wetland. onwards)
Estimates of pre-
colonial state
wetlands.
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Cost of Farmland ~ State farmland State $404/acre National
acres by VT:US
productivity
coefficient
Cost of Climate Change State Data Coal, State National social cost of National
natural gas, carbon
petroleum, wood
and waste
multiplied by CO2
intensity
Cost of Ozone CFC emissions by  State National cost by state ~ National
state population & State
Cost of Family Change State divorce rate. National cost of
National average divorces and social
number children cost of TV viewing
per divorce
State households
with children
National hours of
vV
Cost of Crime  State crime State National costs to National
numbers victims by type of
crime
Cost of Lost Leisure ~ State State & State average wage State
unemployment National rate
rate.
State fully
employed rate by
constant national
number of hours
lost by fully
employed
Benefit of Higher Population college-  State National value of National
Education educated in state positive externalities
from education
Cost of Commuting State average travel State Average hourly wage  State &
time to work; in state National
American State public fare
Community Survey revenues instead of
numbers of entire operational cost
commuters per of public transit
state National cost per mile
driven
Benefit of Volunteer work  Constant national National  Average hourly wage  State
volunteer hours per & State  in state
year rate by state
populationl5 and
over
Benefit of Household National ATUS — National  Average hourly wage  State
labor time on housework & State  of domestic/cleaning

by state population
over 15

personal in state
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Costs of nonrenewable State consumption  State National replacement ~ National

resource depletion state of coal, oil, costs
gas, nuclear, solar,
wind
Benefit Net Capital National by state National
Investment population
Cost of Noise Pollution  State Urban to State National cost National

Rural population,
Ratio state/national

population
Cost of Personal Pollution  State new State & National costs of air National
Abatement registered vehicles; National filters, septic, sewer.
State households National Cost of
with septic, sewer. disposal of ton of
Residential waste residential waste

national number by
state population
Services of highways and ~ State stock of US State &  National US service National
streets  highways and National  value
streets
Ratio of State
highway miles to

National
Cost of Motor Vehicle State fatalities, State National costs of National
Crashes injuries, property fatalities, injuries,
damage property damage

The basic 50 State GPI table shared and explored in this paper was produced as
part of a small graduate-level course supported by the Gund Institute of Ecological
Economics held at the University of Vermont in the spring semester of 2014 under the
supervision of Professor Jon Erickson and Daniel Clarke, a visiting scholar from the U.N.
Statistic Division. Using the Vermont GPI spreadsheet as a template, graduate students
populated assigned components with relevant data, culminating in an estimate of the
2011 GPI for all 50 states and the District of Columbia (DC). The class met weekly to
discuss findings and data challenges. Members of the class presented preliminary results
to the U.N. Statistic Division in May 2014. After the course ended, quality assurance

checks led to a re-calculation of state GPIs to correct the estimates for errors. While the
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class calculated the 50 states and DC, results do not include DC due to its different
governance scale.
2.4 Results

The 50 state results are for 2011, using regional CPI inflation adjustments when
multiple years are required in calculations (for example, services and depletion of capital
stock investment). Results are reported in per capita numbers in order to control for state
population size. An appendix includes detailed results for each state’s components and
calculations. A master spreadsheet is available on request. This section will first
introduce the state GPI results and compare state-level GPI and GSP results. It will then
move from state-level aggregate GPI estimates to analysis of the components themselves
from both from the state-level and as one average for the U.S. to reveal which
components drive the differences in GPI. Finally, this section will dive deeply into

investigating the sustainability aspects of the state-level results.
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Figure 2.2 Fifty State Genuine Progress Indicator

The results from the GPI estimate reveals that Alaska has the highest GPI while
Wyoming has the lowest, with a range of $97,192 value per acre per year. Alaska’s GPI
is a significant outlier as the only state with negative costs for wetlands, i.e., the cost of
wetland change component switched from a cost to a benefit for Alaska. Seven states
have negative GPIs (AR, MS, AL, WV, ND, LA, WY) suggesting that total costs of
annual consumption in those states outweigh the benefits. The mean GPI is $16,430 and
the median is $16,968.

GPI state rank results are, not unexpectedly, positively correlated with GSP state
rank (r = 0.50); however, analysis of individuals states demonstrates some interesting
divergences. No state has higher GPI than GSP; it would be possible for GPI to be higher

than the GSP if the value of the benefits of economic growth far exceeded the costs.
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Alaska is ranked number 1 in both GSP and GPI, while Wyoming is number 4 in GSP but
50 in GPI (again, in per capita terms). This difference illustrates that the costs of
economics growth in WY are outweighing the benefits. A pattern of high GSP and low
GPI continues with another extraction based state, North Dakota, being ranked 3 in GSP
and 48 in GPL. In figure 2.3, the states” GPI and GSP rank results were divided in half
with the bottom 25 states placed in the “low” category and the top 25 states placed in the
“high” category for each indicator. States with low GPI and high GSP are shaded in
white, including WY, ND, NE, IA, TX, LA. In other words, this group performs well
when measured as total state output per capita, however deducting environmental and
social costs tells a different story. Meanwhile the states that have high GPI and low GSP
are in the darkest shade, including ID, AZ, WI, FL, VT, ME. These states over perform in
GPI terms given their comparatively low economic output per capita. States shaded in the
lightest gray perform well regardless of selected metric, and those in the next shade of

grey before poorly also regardless of GSP or GPI.
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Figure 2.3 Four High and Low GSP and GPI Groupings

2.4.1 Key Drivers of the Genuine Progress Indicator

Analysis of individual components, or sub-indicators, of GPI can help identify
key drivers of results. First, exploring the variance between the states and the components
provides evidence for whether the GPI results are dominated by a few indicators and may
also explain the relative importance of the components of GPI as a composite indicator.
Figure 1.4 illustrates the variance of the ‘middle 80%’ of each of the states’ GPI
components by removing the top 10% (up to rank 5) and bottom 10% (from rank 46 to
50) states’ results for each component. Looking at this 80% range across each component
demonstrates the cross-state variability of each component without the results being

skewed by outliers. The left side of the figure shows how much less than the median each
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component’s 5™ lowest score lies and the right how much higher than the median each

component’s 5™ highest score lies.
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Figure 2.4 Component 10" and 90™ Percentile Range Across States

This analysis illustrates clear dominance by the nonrenewables component for the
difference between the states’ GPIs. In fact, over 90% of the variance can be accounted
for by the combination of nonrenewables, PCE, and motor vehicle crashes. This leads to
the finding that differences between the 50 case studies may be overly dominated or
driven by few components. While each of these components may be seen to represent one
of the three sustainability pillars, their significant contribution to the difference between
the states begs the question: “Are these the three most important components from the

perspective of sustainable welfare?”
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The other side of the key drivers question is to look at components that are
relatively uniform across the states and therefore contribute very little to the difference
between the states, including noise pollution, cost of family change, personal pollution
abatement expenditures, air and water pollution, volunteer labor, and cost of crime. The
OECD handbook for composite indicators suggests that such components be deleted as
“individual indicators that are similar across counties [states] are of little interest and
cannot possibly explain differences in performance” (OECD, 2008, p. 26). Given the
challenges of data collection, using less data would allow more efficient GPI calculation
and perhaps greater comparability.

Another way to understand the relative importance of the components of GPI is to
analyze which components, on average, provide the biggest boost or serve as the biggest
drag on GPI. Figure 2.5 includes data for the components of all states added together and
then divided by U.S. population to get a population weighted average for the US for each
component. On average, the biggest boost comes from PCE and benefits of housework,
while the biggest drag comes from the cost of nonrenewable and the cost of inequality.

Individually most of the environmental components contribute very little to the GPI.
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Finally, another way in which to search for key drivers of GPI results is to assess
any patterns within the leader and laggard groups. For instance, the different in inequality
statistics between states is striking. The state with the most equal income distribution
(lowest cost), Wyoming, has the lowest GPI, while the state with the highest cost of
inequality, New York, has the sixth highest GPI. Massachusetts and Connecticut are also
ranked high (number 2 and 3) for the cost of inequality, yet also ranked number 2 and 3
for GPI per capita. This may be a reflection of the significance of a large PCE in the high
inequality states, serving as a counter balance to the cost of inequality (and also may be
directly related to the large inequality). This result may be of concern as GPI was
designed with this belief in mind “it is urgent to replace the GNP with a measure that
does not encourage the growing gap between the rich and the poor” (Daly & Cobb, 1989,

p. 379). Ultimately, this outcome points to the possibility that good performance in one
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indicator (especially PCE, the largest component of both GSP and GPI) can mask poor
performance in another, so-called “weak sustainability.”

A deeper look into the list of the top performing cases, we do see high equality
helping with overall GPI performance. For example, Hawaii, ranked 4 on GPI, has a
more moderate PCE but more equality. It is also notable that Hawaii has the highest
contribution from housework and the lowest service of streets and highways. This leads
to the question: “Are we trying to increase housework in the states, or just provide for a
better accounting of unpaid work?”” Another question that Hawaii’s composition begs is
should smaller states with few streets and highways be punished in GPI because they
have low services of streets and highways? On the other side of the size spectrum, is
Alaska’s reward for having so many wetlands appropriate? Indeed, it is the only state to
have increased wetland cover from the pre-colonial baseline and thus the only state to
experience the cost of wetland change as a positive number. This indicator may be
another example where the large size (and comparatively low population density) of a
state is privileged in GPIL.

2.4.2 Sustainability Pillars

An advantage of GPI is that, in addition to providing an aggregate indicator that
produces a single monetary metric, it is also easily decomposable into constituent
economic, social, and environmental sustainability categories. Breaking down the
indicator in such a fashion helps illustrate the ‘weak sustainability’ principle that natural
and social and economic components are substitutable once put in a common monetary

metric. For example, it is possible to deplete natural or social capital while expanding
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consumption and increasing GPI. It also further demonstrates the notion of costs and
benefits to economic growth. While all environmental components are framed as “costs’
it is noteworthy that there are some states that have positive environmental components.
For example, ND, KS, MT, TX, NE, CO, AZ, HI, CA, NV, UT, SD, NM, ND, AK all
have positive forest cover change, meaning that each state has more forest cover now
than it did during the pre-colonial baseline. However, overall, Alaska stands out as the
only state to have a positive aggregate environmental pillar due to the net benefits of

wetland change. The social category holds a collection of costs and benefits and overall

b

ten states end up with more social component costs than benefits, including TN, KY, LA,

OK, WV, SC, AR, AL, WY, MS. These states also rank as the lowest 15 GPIs.
To help visualize differences in state performance along environmental, social,

and economic dimensions, Figure 2.6 displays green for the top third in the category,

yellow for the middle third, and red for the bottom third. Generally, if a state scores well

on economic components then it likely scores well on environmental and social as well.
In other words, economically depressed states also rank poorly in social and

environmental attributes.
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Figure 2.6 Sustainability Pillars Traffic Light Diagram —Outcomes Split into High
(Green), Middle (Yellow), Low (Red)
Figure 2.6 illustrates that tradeoffs among sustainability pillars are rarer than

triple successes or triple failures and that there may be more synergies between the
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components. The general pattern of high economic performance coming with high social
and environmental performance may point to an externalization of consumption impacts
to other states. It also suggests that the environmental Kuznets curve holds true (i.e.,
wealth allows for social and environmental sustainability). The states that break with the
Kuznets pattern include ND and WY which have high economic components but low
environmental and social components. In these states, economic growth may occur at the
cost of the environmental and social outcomes, as the designers of GPI hypothesized. MT
also has a high economic component and low environmental component, but mid-range
social component. All three of these states’ economies rely on extractive industry
practices.

The environmental pillar has the largest range at $91,074, driven by Alaska’s
wetland component. Without the wetland sub-indicator included, the range is $52,524
between highest and lowest aggregate environmental deduction. The economic pillar has
the next greatest range at a substantially lower amount of $13,597. The social pillar is the
least variable at a difference of $10,989 between the highest and lowest states. It is also
noteworthy that none of the highest individual social indicator ranges are higher than the
top three environmental ranges.

The divergence in environmental deductions highlights the consequence of choice
of environmental assets included in state accounts, and whether to focus on accumulated
costs from loss or degradation of assets, or instead calculate the benefits from ecosystem
services of existing assets. Specifically, Alaska’s extreme wetland component points to

the questions of choice and accuracy of baseline. Should GPI be based on historic, pre-
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Benefit of Volunteer Work

Cost of Lost Leisure
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Benefit of Higher Education

Value of higher
education
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(multiplied by) degree

State population Percent of State
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Benefits of Highways and Streets
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streets
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highways and Ratio of State
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US highway miles

(multiplied by)

Stock of highways Annual percentage State miles of

and streets US consumer service highways Uhs, mhiles of
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Total annual Percen? of vehicle

service value miles as
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[ |
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Cost of Commuting

161



