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a b s t r a c t
Cities and regions are increasingly accounting for the diverse economic, social, and environmental
contributions to sustainability and quality of life. However, most commonly used socioeconomic and
environmental indicators are either difﬁcult to use in policy or fail to comprehensively reﬂect social
well-being and environmental sustainability. This paper articulates the limitations of urban and regional
indicator sets and macroeconomic measures like the Gross Domestic Product (GDP), presents an alternative indicator, the Genuine Progress Indicator (GPI), and develops, improves and applies it for Northeast
Ohio. We calculate the GPI for the State of Ohio, cities of Akron and Cleveland, and 17 Northeast Ohio
counties for the years 1990–2005. We evaluate temporal and spatial GPI trends, including inter- (Ohio
versus other comparable U.S. local GPI studies) and intra-regional (urban–suburban–rural) comparisons.
From 1990 to 2005, we found that per capita GPI grew in 11 counties and the State of Ohio (growth
ranging from 0.8% to 19.7%) but declined for six counties and the cities of Akron and Cleveland (declines
ranging from 0.6% to 22%). Per capita GPI was greatest in suburban counties and lowest in urban areas,
and was greater in Maryland and Vermont than Ohio.
These trends are largely driven by gains in personal consumption versus other environmental, social,
and economic costs. Important costs include income inequality, climate change, nonrenewable resource
depletion, and consumer durables. The GPI is increasingly being estimated at local scales to complement
existing urban indicators by providing a common monetary basis for measuring diverse costs and beneﬁts.
Finally, we report the effect of renewable portfolio standards and conversion of vacant lots for urban
agriculture on the GPI through a series of scenario analyses at the county and city scales. These scenarios
demonstrate how GPI can be used as a decision tool for local and regional development. In addition, local
GPI measures offer opportunities to better engage the public and decision makers in discussions about
economic, social, and environmental goals and policies.
© 2011 Elsevier Ltd. All rights reserved.

1. Introduction
1.1. Measuring urban and regional progress
The dominant regional development pattern of recent decades
– urban decentralization, with each city and suburb competing for
jobs, wealth, and income – has not necessarily led to environmental sustainability or high quality of life in many parts of the United
States (Ewing, 1997). Emerging ﬁscal austerity, rising energy costs,
and environmental threats like climate change suggest the importance of policies aiming to maximize social well-being rather than
simply consumption and urban expansion based on traditional
economic indicators. To this end, a growing number of regions
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have developed programs to track economic, social, and environmental indicators at neighborhood, city, and metropolitan regional
scales (Coughlin, 1973; Maclaren, 1996; Sawicki and Flynn, 1996;
Sustainable Measures, 2006). The underlying assumption behind
these indicators is that to meet the needs of their residents and
remain economically competitive, regions should work to improve
quality of life for their inhabitants. This goal stands in contrast to
the business-as-usual practice of tracking indicators such as Gross
Domestic Product (GDP) and viewing its growth as a primary economic policy goal. Recognizing the failure of GDP to account for
social well-being or environmental sustainability, an increasing
number of economists have proposed alternative national-scale
macroeconomic indicators to measure progress and guide policy
(Daly and Cobb, 1989; Talberth et al., 2007). Alternatives indicators
to GDP are also gaining increasing attention in the international
community (Stiglitz et al., 2009; Michalos et al., 2010). Economic
indicators that address sustainability and social well-being are

K.J. Bagstad, M.R. Shammin / Ecological Indicators 18 (2012) 330–341

increasingly being adapted to smaller geographic scales, suggesting the need to better integrate this work with the development of
urban indicators.
Economic, social, and environmental indicators can provide a
more nuanced view of regional progress, while bringing together
different stakeholders in planning for the future. Where these
initiatives enjoy strong citizen support and government involvement, they have the potential to serve as effective policy guides
while capturing public interest in regional quality of life agenda.
Long-running efforts in Oregon and Minnesota, for instance, have
involved substantial public input and explicit government backing.
However, since it is impossible to aggregate disparate economic,
social, and environmental measures (e.g., volunteer work, crime
rates, and loss of farmland), tradeoffs are difﬁcult to compare and
aggregate progress is hard to track. As such, monetary-based economic indicators, such as GDP, have often been more effective and
dominant guides to policy.
In this paper, we further develop the Genuine Progress Indicator
(GPI) as an alternative to GDP in measuring economic development
at urban and regional scales. While the GPI is not a comprehensive
indicator of sustainability, it can provide greater insight into various
elements that contribute to sustainability. Our goal is to show how
GPI can be developed as a locally-relevant policy tool for measuring
progress and supporting decision making.
1.2. Limitations of Gross Domestic Product
GDP is most recognized as a national-level macroeconomic indicator, but in the United States it has been measured for states
dating back to 1963 and for metropolitan areas since 2001. While
GDP is useful as an overall indicator of macroeconomic activity,
economists and politicians, including some of its original architects
have noted the misuse of GDP as a measure of welfare. Common
criticisms of GDP include: (1) simple addition of all expenditures,
even “defensive expenditures” that do not improve social welfare;
(2) exclusion of the value of unpaid household labor and volunteer
work in the community; (3) addition of the value of nonrenewable
resource depletion while total resource stocks decline over time;
(4) failure to account for income distribution, poverty, and the costs
of inequality; (5) a lack of inclusion of the positive contributions
from natural, human, and social capital and the beneﬁts of further
investments in these capital types (Anielski, 2007). Additionally,
a growing body of literature suggests that increased wealth and
economic output alone do not always improve quality of life or
subjective well-being for individuals or society (Diener et al., 1999;
Kahneman et al., 2004; Easterlin, 2005).
While GDP growth is rarely an explicit goal at the urban and
regional scale, this indicator still permeates the media and political
dialogue to a far greater extent than others. This is at least partly
due to the clarity in reporting change in a single number, as opposed
to dozens of individual social, economic, and environmental indicators.
1.3. Alternatives to GDP and existing urban indicators: the
Genuine Progress Indicator
Given GDP’s shortcomings, economists have attempted to
adjust GDP to better measure society’s well-being. Notable work
includes Nordhaus and Tobin (1972) Measure of Economic Welfare (MEW) and Daly and Cobb (1989) Index of Sustainable
Economic Welfare (ISEW), which was later revised as the Genuine Progress Indicator. The ISEW/GPI (hereafter referred to as
GPI) begins with a measure of personal consumption, weighted
to account for income inequality, and deducts or adds the
economic value associated with various economic, social, and
environmental costs and beneﬁts (Table 1). Monetary values for
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these nonmarket economic, social, and environmental factors are
typically obtained using methods reported in the environmental
and ecological economics literature. GPI can be expressed in the
form of the equation (adapted from Hanley et al., 1999):
GPI = Cadj + G + W − D − S − E − N
where Cadj = personal consumption adjusted to account for income
distribution, G = growth in capital and net change in international
position, W = non-monetary contributions to welfare (e.g., household labor, volunteer work), D = defensive private expenditures,
S = depletion of social capital (e.g., cost of crime, family breakdown, lost leisure time), E = costs of environmental degradation,
and N = depletion of natural capital.
The inclusion of these indicators makes GPI better suited than
GDP to address questions of equity, societal well-being, and environmental sustainability within the economy. Daly and Cobb and
subsequent authors found that GPI grew at a slower rate than GDP
until the mid-1970s and has since leveled off or declined slightly.
These results agreed with Max-Neef’s (1995) “threshold hypothesis,” which states that economic growth improves quality of life up
to a point, but eventually erodes environmental and social quality, reducing quality of life. ISEW/GPI studies in numerous other
nations found similar results (Jackson and Stymne, 1996).
Although GPI was originally developed as a national-level
macroeconomic indicator, economic costs and beneﬁts are not
distributed evenly across a nation or region. Interest in understanding these local and regional differences and informing urban
and regional policy has led to development of local-scale GPI studies, particularly as the quality and availability of local data have
improved. In the U.S., GPI has been estimated locally for Minnesota
(Minnesota Planning Environmental Quality Board, 2000), the San
Francisco Bay area (Venetoulis and Cobb, 2004), Vermont (Costanza
et al., 2004; Bagstad and Ceroni, 2007), and Utah (Berik and Gaddis,
2011). The State of Maryland, a leader in U.S. smart growth policy, became the ﬁrst government-sanctioned GPI effort in 2010
(Maryland Genuine Progress Indicator, 2010; Posner and Costanza,
2011). Outside the U.S., local GPI and ISEW studies have been
conducted in Australia (Lawn and Clarke, 2006), Canada (Anielski,
2001; Mead, 2011), China (Wen et al., 2007; Yu et al., 2010), Italy
(Pulselli et al., 2008), New Zealand (McDonald et al., 2009), and the
U.K. (Jackson et al., 2008).
1.4. Measuring GPI at urban and regional scales
Since GPI was developed as a national-scale indicator, it
should be applied carefully at local scales (Clarke and Lawn,
2008). Consistent data sources and methods should be used.
Cross-boundary impacts of manufacturing, energy production, and
resource extraction should be considered if possible (Clarke, 2007).
Local governments do not have full power to set policy related to
all GPI indicators. However, state and local governments in the U.S.
do have important policymaking powers in regards to land use and
planning, energy use, and other relevant GPI indicators.
While GPI includes a similarly broad range of indicators as
existing urban indicators, its ability to aggregate these values
using a common currency can better enable comparisons within
or between regions or over time. Past urban indicators literature
has noted that social and environmental indicators cannot share
a common currency, such as dollars (Maclaren, 1996). However,
increasing sophistication of nonmarket economic valuation techniques and a growing library of nonmarket valuation studies that
quantify these costs and beneﬁts are increasingly improving the
accuracy of such measurements, enabling the use of a common
currency for measures like the GPI. At the same time, individual
GPI indicators can be clearly “unbundled” – that is, viewed and
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Table 1
Component indicators in the Genuine Progress Indicator.
Economic indicators

Social indicators

Environmental indicators

Personal consumption per capita
Income distribution
Consumption adjusted for income inequality
Value of household labor
Value of volunteer work
Services of household capital
Services of highways and streets
Net capital investment
Net foreign lending and borrowing

Cost of crime
Cost of family breakdown
Loss of leisure time
Cost of underemployment
Cost of consumer durables
Cost of commuting
Cost of household pollution abatement
Cost of vehicle crashes

Cost of water pollution
Cost of air pollution
Cost of noise pollution
Loss of wetlands
Loss of farmland
Depletion of nonrenewable resources
Cost of greenhouse gas emissions
Cost of ozone depletion
Loss of forest cover

tracked individually, as other neighborhood indicators researchers
recommend (Sawicki and Flynn, 1996). This illustrates the potential
value in using the GPI as a local and regional decision support tool.
Since many of the GPI’s component indicators have already been
tracked in existing regional indicator sets, some of these regions
have already completed the ﬁrst step toward constructing regional
GPI estimates.
1.5. Objectives
In this paper, we expanded on past work in developing the GPI
for local and regional applications, particularly in the United States.
Our objectives are to: (1) enable spatial and temporal GPI comparisons across a large urban–rural gradient and between regions
within the U.S., and (2) describe how GPI can be used in local
and regional decision making. Sections 2 and 3 describe the methods and results for a GPI case study of the State of Ohio, cities
of Akron and Cleveland, and 17 counties in Northeast Ohio. Section 4 describes and presents the results as reﬂected by the GPI
of two locally-relevant scenarios for policy changes dealing with
renewable energy and urban agriculture. Section 5 reports sensitivity analysis and section 6 discusses the baseline GPI results and
scenarios and also describes local efforts in Northeast Ohio across
the academic, nonproﬁt, and planning communities to use the GPI
to enable a more comprehensive understanding of regional wellbeing.

2.2. Methods
We calculated GPI for the State of Ohio, 17 Northeast Ohio counties, and the cities of Cleveland and Akron for the decennial years
1950–2000 and the year 2005 for all 26 GPI indicators. We converted monetary values into year 2000 U.S. dollars using the GDP
deﬂator from the World Bank. Our analysis focused on the years
1990–2005, for which the highest quality local data were available.
We included new literature in nonmarket valuation of ecosystem
services and also considered the life cycle estimates of energy and
carbon embodied in consumer goods and services in our analysis.
We largely maintained consistency with past local studies, following the methods of Bagstad and Ceroni (2007), who in turn
follow Costanza et al. (2004). Methods for the services of household capital, cost of consumer durables, greenhouse gas emissions,
and ozone depletion follow Talberth et al. (2007), the most recent
U.S. GPI study. When improved data sources or methods were available, we noted these changes in the detailed methods in Appendix
A, available as online supplementary material to this article.
Key data sources included consumer spending data (purchased
at the city, county, and state level from ESRI), socioeconomic data
from the U.S. Census Bureau’s decennial Census and American Community Survey, the U.S. Bureau of Labor Statistics’ American Time
Use Survey, and environmental data from the U.S. Department

2. Methods
2.1. Study area
Our study area included a seventeen-county region in Northeast Ohio (Fig. 1), stretching along Lake Erie from the Pennsylvania
border to Sandusky Bay. Like many Midwestern manufacturing
centers, the region’s cities have lost population in recent decades.
For example, Cleveland’s population fell from 914,808 in 1950 to
449,995 in 2005. The causes of population loss include declines
in manufacturing employment, migration within the region from
cities to the suburbs, and migration out of the region from the “rust
belt” to the “sun belt.” Against a backdrop of population migration and manufacturing decline, recent years have seen a growing
interest in urban renewal and regional sustainability efforts. These
include retooling of local industries to serve the growing renewable energy industry and strengthening local agriculture and food
systems.
Outside of Northeast Ohio’s urban areas, land use was historically dominated by agriculture. Recent decades have seen both
suburban expansion on the urban fringe and regrowth of forest
cover following abandonment of marginal agricultural land. Counties near Cleveland have seen substantial population growth in
recent decades, accompanied by conversion of agricultural land and
forests into developed land. Outside these suburbanizing counties,
however, land use today is still predominantly agricultural.

Fig. 1. Study area map.
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Fig. 2. CDC urban–rural classiﬁcation of Northeast Ohio counties.

of Agriculture, USDA Forest Service, U.S. Environmental Protection Agency, and U.S. Energy Information Administration. We also
collected data from various state agencies charged with collecting socioeconomic and environmental data (e.g., Departments of
Transportation, Natural Resources, and Health).
Within the region, we compared results for counties along
an urban–rural gradient using the Center for Disease Control’s
National Center for Health Statistics Urban–Rural Classiﬁcation
Scheme for Counties (CDC, 2009; Fig. 2). The CDC provides an

objective classiﬁcation of counties from large central metros to
micropolitan/nonmetro counties.
3. Results
From 1990 to 2005, per capita GPI grew in 11 counties and the
State of Ohio and declined in six counties and the cities of Akron
and Cleveland (Table 2). During this period average per capita personal consumption in the 17 counties increased by $4999, or 28%.

Table 2
Genuine Progress Indicator per capita, 1990–2005.
Geographic area

Per capita GPI (dollars)
1990

Ashland
Ashtabula
Columbiana
Cuyahoga
Erie
Geauga
Huron
Lake
Lorain
Mahoning
Medina
Portage
Richland
Stark
Summit
Trumbull
Wayne
Akron
Cleveland
Ohio
U.S.
Large fringe metro avg.
Med. metro avg.
Small metro avg.
Micropolitan/nonmetro avg.

13,945
13,021
13,662
16,080
11,852
20,185
15,138
16,481
16,845
14,049
20,178
15,198
13,919
15,460
15,253
14,745
13,958
12,344
10,107
16,151
14,171
18,422
14,941
12,885
13,945

2000
15,510
12,983
14,707
15,361
11,463
22,244
14,137
14,823
16,135
12,884
19,965
14,442
14,625
14,531
15,425
12,794
13,576
13,604
10,298
17,619
15,198
18,292
14,015
13,044
14,183

% change in GPI
2005
15,409
13,702
14,638
15,984
13,480
24,161
12,673
12,854
15,787
14,513
21,831
16,110
13,303
15,580
15,817
14,460
14,123
12,169
9639
16,567
14,919
18,658
15,296
13,392
14,109

1990–2000
11.2
−0.3
7.7
−4.5
−3.3
10.2
−6.6
−10.1
−4.2
−8.3
−1.1
−5.0
5.1
−6.0
1.1
−13.2
−2.7
10.2
1.9
9.1
7.2
−0.7
−6.2
1.2
1.7

2000–2005
−0.7
5.5
−0.5
4.1
17.6
8.6
−10.4
−13.3
−2.2
12.6
9.3
11.5
−9.0
7.2
2.5
13.0
4.0
−10.5
−6.4
−6.0
−1.8
2.0
9.1
2.7
−0.5

1990–2005
10.5
5.2
7.2
−0.6
13.7
19.7
−16.3
−22.0
−6.3
3.3
8.2
6.0
−4.4
0.8
3.7
−1.9
1.2
−1.4
−4.6
2.6
5.3
1.3
2.4
3.9
1.2
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Fig. 3. Change in GPI indicators from 1990 to 2005 for Ohio.

Contributing to the declines in per capita GPI were increasing costs
of consumer durables (average 17-county deduction of $1803), rising income inequality (average −$1378), increasing costs of leisure
time loss (average −$969) and greenhouse gas emissions (average
−$809), declines in the value of household labor (average −$392),
rising costs of nonrenewable resource depletion (average −$646),
commuting (average −$243), and unemployment and underemployment (average −$119). Slight increases were also seen in the
costs of household pollution abatement, noise pollution, and wetland and farmland loss, though the magnitude of these changes was
small relative to the overall GPI (Fig. 3, Table 3).
Some positive contributions to GPI grew from 1990 to 2005.
These included an increase in net capital investment (average 17county increase of $828), services of household capital (average
+$434) and highways and streets (average +$133), and a decline
in the costs of vehicle crashes (average +$175). Slight gains were
seen in the value of volunteer work, as were reductions in the costs
of crime, family breakdown, water and air pollution, and ozone
depletion. Forest re-growth added value to some Northeast Ohio
counties but forest loss deducted value in others. Overall, average
per capita GPI for the 17 Northeast Ohio counties grew by $229
between 1990 and 2005.
As expected, GPI and its component costs and beneﬁts vary
greatly across the region. Per capita GPI was highest in large fringe
metro (suburban) counties, followed by medium metro counties,
then micropolitan/nonmetro and small metro counties, with the
lowest values found in the cities of Cleveland and Akron (Fig. 4).
Wealthier suburban areas generally had the greatest personal consumption, an important driver of GPI trends. Urban areas had higher
income inequality and costs of unemployment and underemployment, leading to lower GPI. Suburban areas had higher per capita
costs for some environmental and social indicators, such as farmland loss and commuting, owing to high rates of land conversion
and automotive dependence.
A closer examination of individual GPI indicators shows why GPI
values diverge in different geographic areas (Fig. 5). Geauga County,
the wealthiest in the study area, saw the greatest percent growth in

per capita GPI from 1990 to 2005 (Table 2). Geauga County did have
high costs associated with suburbanization, including higher per
capita costs of commuting, wetland and farmland loss, greenhouse
gas emissions, and nonrenewable resource depletion. However,
these costs were more than offset by greater personal consumption,
a consequence of larger per capita income. Cleveland, by contrast,
has low personal consumption, greater income inequality, and
greater costs of crime and unemployment and underemployment.
Huron and Lake counties saw the largest declines in per capita GPI
from 1990 to 2005. Rising income inequality over this period was
Table 3
GPI indicator changes from 1990 to 2005 (average of 17 Northeast Ohio counties).
GPI indicator

Average county
change, 1990–2005
(dollars)

Personal consumption expenditures
4999
−1378
Adjustment for income inequality
−392
Household labor
9
Volunteer labor
434
Household capital
133
Streets and highways
Crime
4
24
Family breakdown
−969
Leisure loss
Unemployment and underemployment −119
−1803
Consumer durables
−243
Commuting
−40
Pollution abatement
175
Vehicle crashes
2
Water pollution
31
Air pollution
−3
Noise pollution
−10
Wetland loss
−37
Farmland loss
−646
Nonrenewable resource depletion
−809
Greenhouse gas emissions
41
Ozone depletion
4
Forest loss
828
Net capital investment
229
Genuine Progress Indicator

Percent of
total
change
38.1
10.5
3.0
0.1
3.3
1.0
0.0
0.2
7.4
0.9
13.7
1.9
0.3
1.3
0.0
0.2
0.0
0.1
0.3
4.9
6.2
0.3
0.0
6.3
100
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Fig. 4. Differences in year 2000 (A) per capita GPI, (B) per capita personal consumption expenditure, (C) income inequality (Gini coefﬁcient), (D) per capita costs of
unemployment and underemployment, and (E) per capita cost of farmland loss across Northeast Ohio.

largely responsible for this decline, as inequality-adjusted personal
consumption declined in these counties over the 15-year period.
Huron and Lake counties were the only places to witness declines
in inequality-adjusted consumption during this period.
Comparing per capita GPI between different regions, Chittenden
County, Vermont (as calculated by Bagstad and Ceroni, 2007) and
Geauga County, Ohio illustrate two different paths to similarly high
per capita GPI. These counties have the highest per capita GPI of
their respective study areas. Geauga County has greater per capita
personal consumption and services of household capital. However,
Chittenden County, the wealthiest and most populous part of Vermont, has lower income inequality, more value from household

labor, and smaller costs of greenhouse gas emissions and nonrenewable resource depletion (Fig. 6).
4. Scenario analysis
To demonstrate how GPI could be used in practice to compare
different policy choices, we illustrated the effects on GPI of two initiatives currently moving forward in Northeast Ohio: compliance
with a statewide renewable Portfolio Standard (RPS) and the reclamation of vacant lots in the City of Cleveland for urban agriculture
and green space. We compared baseline GPI results with potential changes brought on by these initiatives. To do so, we reviewed
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Fig. 5. Change in GPI indicators from 1990 to 2005 for (A) the City of Cleveland and (B) Geauga County.

the 26 GPI indicators and identiﬁed those indicators that would be
measurably impacted by each scenario. We then updated the 2005
GPI values by estimating the changes brought on by changing the
regional energy portfolio and urban land use in order to explore its
sensitivity to relevant socioeconomic and environmental changes
taking place in the region.

4.1. Renewable Portfolio Standard
In 2008, the State of Ohio passed legislation requiring electric
utilities to produce or purchase renewable energy. This Renewable
Portfolio Standard, common in many states, requires progressive
increases in the amount of renewable energy used between 2009
and 2025. Ohio’s legislation calls for 12.5% of the state’s energy to

come from renewables such as wind, solar, geothermal, and landﬁll methane and another 12.5% to come from “advanced energy”
sources including nuclear and clean coal (DSIRE, 2010).
Ohio is a heavily coal-dependent state, and this is reﬂected in
several GPI costs including climate change, air pollution, and nonrenewable resource depletion, which are affected by coal burning1 .
In addition, “green jobs” are highly touted as a beneﬁt of increasing
domestic renewable energy production, which is especially attractive in a region with high unemployment and a long history of

1
Coal mining itself can lead to water pollution, loss of forests, wetlands, and
farmland. These costs would also be reﬂected in the state-level GPI. The total area
impacted by coal strip mining is extremely difﬁcult to obtain, so we did not estimate
these costs.

K.J. Bagstad, M.R. Shammin / Ecological Indicators 18 (2012) 330–341
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Fig. 6. Per capita GPI for Geauga County, Ohio and Chittenden County, Vermont for 2000.

manufacturing. On the other hand, the coal industry often claims
that widespread job loss would result from reducing coal use.
In 2005, 87.1% of Ohio’s electricity came from coal2 , 9.8% from
nuclear, and 0.4% from hydroelectric, biomass, geothermal, wind,
and solar, and 2.7% from natural gas and other petroleum products (EIA, 2008). We compared the impacts on GPI if this mix were
altered to 72.3% coal, 12.5% nuclear, and 12.5% renewable, 2.7%
natural gas and other petroleum (full implementation of the current RPS requirement). We also evaluated impacts were the state
to use a stronger RPS, requiring 25% renewables (i.e., 62.5% coal,
9.8% nuclear, 25% renewable, 2.7% natural gas and other petroleum).
Table 4 shows the effects on per capita GPI from fully implementing
the current RPS using baseline 2005 GPI values. Table 5 shows the
effects on per capita GPI of a stronger RPS. Employment changes are
taken from Hanauer’s (2005) projected job gains associated with a
national RPS, adjusted for the size of Ohio’s current RPS and our
proposed stronger RPS. We subtracted lost coal jobs based on EIA
(2006) and assuming job loss in the coal sector proportional to its
reduction in Ohio’s energy mix. We found that lost coal jobs are less
than 10% of the total jobs gained in the renewable energy sector.
We calculated changes in air pollution by assuming that coal contributes one third of the state’s air pollution and associated costs.
We also assumed that the indirect energy consumption and related
emissions over the life cycle of fossil fuel based energy sources
and renewable energy are similar. We then used the proportional
decline in coal use to calculate reductions in the cost of air pollution,
nonrenewable resource depletion, and greenhouse gas emissions
for the State of Ohio, Cuyahoga County, and Cleveland.
The GPI quantiﬁes a number of economic beneﬁts that Ohio’s
RPS will provide to the state as a result of the switch from coal
to renewable energy. Through greater employment and reduced
environmental externalities Ohioans will receive $5.5 billion/year

2
Ohio’s coal use totaled 54,064,000 tonnes; the state also produced 22,419,000
tonnes of coal in 2005 (EIA, 2008). 8,069,000 of these were from 44 surface mines.
Coal mining in Ohio employed 2534 in 2005 (EIA, 2006).

in reduced negative externalities or public beneﬁts for the current
RPS and $8.0 billion/year with a more aggressive RPS.
4.2. Reclamation of vacant lots in City of Cleveland
Cleveland’s population fell from 914,808 in 1950 to 449,995
by 2005. This population decline led to widespread abandonment
then demolition of housing stock, leaving vacant lots as a common sight in much of the city. Today Cleveland has an estimated
18,000–20,000 vacant lots totaling approximately 13.35 km2 . The
Cleveland Botanic Garden’s Green Corps and other neighborhood
initiatives are working to transform abandoned lots into neighborhood gardens, pocket parks, and restored native wildlife habitats.
These small-scale initiatives have gained widespread attention for
creating community amenities out of onetime eyesores. Today over
4000 residents work or recreate at least part-time in 200 community gardens in Cleveland.
In this scenario, we considered the effects as measured by
GPI on a greatly expanded program of vacant lot reclamation
through urban agriculture. We compared Cleveland’s 2005 baseline
GPI versus the GPI if the program were expanded to 1000 community gardens providing 2000 full-time jobs. Along with urban
agriculture, we estimated the value of converting 40 hectares of
abandoned lots into urban green space providing values similar to
forests (i.e., urban tree plantings), and 40 hectares of abandoned
lots into urban green space providing values similar to wetlands
(i.e., urban rain gardens or “storm water parks”)3 . Increased urban
green space can impact several indicators measured by the GPI,
including greater employment (via local agriculture), reduced air,
water, and noise pollution, and restored farmland and natural areas.

3
While urban tree plantings and rain gardens do not have values directly equivalent to rural forests and wetlands, in many cases, their values would be expected
to be greater in urban settings due to their role in ﬁltering pollutants, improving
air quality, and providing other neighborhood amenities in dense urban areas with
more human beneﬁciaries. These values are thus likely to provide a conservative
estimate of the beneﬁts of creating green space in urban neighborhoods.

338

K.J. Bagstad, M.R. Shammin / Ecological Indicators 18 (2012) 330–341

Table 4
Effects on baseline 2005 GPI of fully implementing current RPS.
Geographic area

Change in
unemployment

Cleveland
Cuyahoga Co.
Ohio

$2,806,120
$8,296,405
$65,352,797

Change in air
pollution
$4,541,381
$13,441,606
$107,369,525

Change in nonrenewable
resource depletion

Change in greenhouse
gas emissions

Total change

$133,028,611
$411,994,903
$3,765,388,312

$60,823,509
$179,827,109
$1,550,433,492

$201,199,622
$613,560,023
$5,488,544,127

Table 5
Effects on baseline 2005 GPI of fully implementing stronger RPS.
Geographic area

Change in
unemployment

Change in air
pollution

Change in nonrenewable
resource depletion

Change in greenhouse
gas emissions

Total change

Cleveland
Cuyahoga Co.
Ohio

$5,705,004
$16,867,071
$127,161,716

$7,548,512
$22,342,128
$178,465,562

$180,782,472
$559,890,509
$5,117,066,168

$101,098,537
$298,901,818
$2,577,071,885

$295,134,525
$898,001,525
$7,999,765,332

Table 6
Effects on baseline 2005 GPI of vacant lot reclamation in Cleveland.
Change in unemployment and underemployment
Change in water pollution
Change in air pollution
Change in noise pollution
Change in farmland
Change in wetland
Change in forest

$12,075,571
$45,509
$802,602
$385,472
$126,688
$980,167
$47,019

Total change

$14,463,028

Table 6 shows the effects on GPI of expanding vacant lot reclamation in Cleveland using baseline 2005 GPI values. While there
are costs associated with a program of vacant lot reclamation, the
GPI demonstrates potential gain in public values of nearly $14.5
million/year to Clevelanders.
5. Sensitivity analysis
We explored the sensitivity of GPI estimates to changes in
input data and valuation assumptions. There are multiple ways
that uncertainty enters into GPI estimates. First, there can be
uncertainty in the underlying population, economic, and environmental data. While most of the GPI’s data sources are presented
as single values, some are presented as value ranges. For instance,
the Census Bureau’s 2005 American Community Survey (ACS)
demographic data include mean and conﬁdence intervals, with
single-year estimates having greater uncertainty than pooled 3or 5-year estimates. Where possible, we used pooled 3- or 5-year
estimates for the 2005 data point (e.g., 2004–2006 or 2003–2007
data) to reduce uncertainty. We did not, however, directly incorporate ACS uncertainty estimates into our GPI values for the year
2005, which could be explored further in future studies.
Additionally, there is uncertainty in the nonmarket valuation
data used to assign a monetary value to GPI indicators. In most
cases multiple valuation estimates exist that could be applied to
monetize an indicator (e.g., the value of forest or wetlands). Instead
of presenting a value range, however, we chose in this study to use
the best estimate as described in Appendix A.
Appendix B describes speciﬁc cases where we tested the effect
on GPI of using non-local data sources (used in previous GPI studies) versus the local data used in this study. In the absence of local
data, GPI was overestimated by as much as 22% in less wealthy
geographic areas and was underestimated by as much as 23% in
wealthier areas. Local data that most strongly inﬂuenced GPI values
included personal consumption, services of household capital/cost
of consumer durables, the cost of underemployment and unemployment, and the cost of climate change. To be as accurate as
possible, it is particularly important that future GPI studies obtain

local data for these indicators. Additionally, our use of the GDP
deﬂator instead of the more locally reﬂective Cleveland–Akron Consumer Price Index reduced 1990 GPI values by 5.4% and 2005 GPI
values by 2.3%.
We also explored the GPI’s sensitivity to using highly conservative economic valuation estimates versus less conservative
estimates (Appendix B). Collectively these non-conservative
assumptions reduced the GPI by an average of 27%, a maximum
of 66%, and a minimum of 10% for different geographic areas in
different years. With the exception of adding the cost of murder,
which more comprehensively treats the cost of violent crime, we
generally preferred to use conservative approaches to valuing economic, social, and environmental costs and beneﬁts in the GPI. Since
the author of a given GPI study effectively deﬁnes its system boundaries, critics of the GPI have argued that researchers risk ideological
bias in search of a measure that supports the threshold hypothesis
(Max-Neef, 1995). We felt that by including conservative but comprehensive assumptions and valuation methods, such ideological
pitfalls can be better avoided.
6. Discussion
6.1. Spatial and temporal GPI trends for Northeast Ohio
The declines in per capita GPI for parts of Northeast Ohio from
1990 to 2005 are not unique, as authors of GPI studies have often
observed stable or declining per capita GPI in recent years (Jackson
and Stymne, 1996; Lawn and Clarke, 2008). Per capita GPI grew in
11 of 17 counties from 1990 to 2005, however. Aside from the fact
that per capita GPI declined in all urban regions, there is no clear
spatial pattern to GPI’s rise or decline. In the rural and suburban
Northeast Ohio, some counties’ per capita GPI grew while others
declined.
The largest contributors to changing GPI were personal consumption, income inequality, household labor, leisure time loss,
greenhouse gas emissions, nonrenewable resource depletion, and
net capital investment (Table 3). Changes to the cost of consumer
durables and services of household capital were important but are
closely tied to personal consumption expenditures. Where personal
consumption grew faster than the various negative social, economic, and environmental costs, GPI grew. For example, Geauga,
Erie, and Portage counties saw per capita personal consumption
grow over 30% from 1990 to 2005. These counties all saw per capita
GPI rise during this period. By contrast, Huron and Trumbull counties had the smallest growth in personal consumption, only 15%.
These counties both had declines in per capita GPI from 1990 to
2005, particularly in Huron County, where income inequality also
increased over this period. Places where personal consumption
starts at a low level may also be unable to overcome growing social,
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economic, and environmental costs through growth in consumption. Despite 26% growth in per capita personal consumption and
a decline in inequality, Cleveland, which started with the region’s
lowest personal consumption, witnessed an 5% decline in per capita
GPI from 1990 to 2005.
Local data are clearly important to improving the accuracy of
GPI estimates at the state, county, or city level. Underlying data to
calculate most GPI indicators are now available on an annual basis.
When city or county data are not available, state or national data
must be used, which can increase uncertainty of the results. For
instance, GPI indicators measuring time use rely on state-level data,
as local estimates frequently do not exist. Time use data inﬂuence
estimates of household and volunteer labor, leisure time loss, and
the cost of unemployment and underemployment. Improved local
data for these categories would improve local GPI estimates.
Generally, local GPI studies in the U.S. have used progressively higher quality local data (Minnesota Planning Environmental
Quality Board, 2000; Costanza et al., 2004; Venetoulis and Cobb,
2004; Bagstad and Ceroni, 2007), with this study and the recent
Mayland and Utah GPI studies (Maryland Genuine Progress
Indicator, 2010; Berik and Gaddis, 2011; Posner and Costanza,
2011) using the best to date. Going forward, such improvements
and further standardization of data and methods can help new
regions to develop their own GPI studies. Earlier studies often were
forced to scale down national or state-level data by population,
or to interpolate annual values when data were not collected on
an annual basis. Particularly since 1990, data have more often been
reported annually and at local scales, improving the quality of analysis. Our choice to begin our analysis in 1990 was thus an important
compromise on based on the quality of data available. GPI estimates from decades before 1990 are of poor quality and depend on
increasingly unreliable extrapolation.

6.2. Improving GPI estimates to reﬂect regional well-being
GPI directly measures neither quality of life nor sustainability. A
detailed discussion of the deﬁnition of sustainability is beyond the
scope of this paper. However, it is well established in the literature
that sustainability is based on three pillars (economic, social and
ecological) and that the ongoing challenge is developing decision
making frameworks that integrate the three pillars (Gibson, 2006).
The component indicators of GPI include elements of the three pillars of sustainability that are likely contributors to high quality of
life. It is possible to deplete natural or social capital while expanding income and consumption to produce rising per capita GPI, a
condition known as “weak sustainability” (Neumayer, 1999). We
observed this trend in the wealthier suburban counties in Northeast
Ohio. Many of the external costs associated with suburban development, such as rising commute times, air and water pollution, and
open space loss are monetized as part of the GPI. However, these
external costs are often offset by increased wealth and consumption in these communities, which can lead to greater per capita
GPI. Similar to our results, Venetoulis and Cobb (2004), Bagstad and
Ceroni (2007), and Berik and Gaddis (2011) found that the counties
in the San Francisco Bay Area, Vermont, and Utah with the highest personal consumption per capita also had the greatest GPI per
capita.
Conversely, GPI seems to better capture the costs of urban
decline. Cleveland and Akron both registered low per capita GPI
due in part to low income, high income inequality, and high costs
of crime, unemployment, and underemployment. As such, GPI
serves as a sometimes-imperfect measure of social well-being in
the regional context. While critics have pointed out the “strong sustainability” problem with the GPI in theory, this study is the ﬁrst
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to show how it operates in practice, by enabling comparisons of
multiple geographic areas using the same methods4 .
Despite these problems, even critics of the GPI have advocated
on its behalf as a “debunking index” useful in showing the limitations of the well-entrenched mindset of measuring and promoting
GDP growth (Ziegler, 2007) or in “separating out those things that
we consume that make us “happier” and those that don’t or even
make us less happy” (Dietz and Neumayer, 2006). Although existing
urban and regional indicators also promote economic development
based on balancing economic, social, and environmental goals, their
inability to put indicators on even footing makes comparing tradeoffs and trends extremely difﬁcult in practice.
In some cases, regional development continues to be driven by
narrow economic goals, as opposed to those inclusive of sustainability and quality of life. For example, in recent years, groups in
Northeast Ohio have worked to develop economic indicators and
a visioning process for the region’s future (Austrian et al., 2008).
Yet these indicators are largely focused on economic measures,
and could be enhanced by taking a broader view of quality of life
that better includes social and environmental values. The GPI offers
such a tool to improve our understanding of the region’s economic,
environmental, and social concerns in a more balanced manner.
6.3. Applying GPI results in practice
To gain legitimacy, GPI and other similar indicators must obtain
the popular support of citizens and policymakers, as has been the
case in Maryland’s recent adoption of the GPI as an economic indicator. 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.” Similarly, by involving citizens in identifying indicators important to regional quality of life, indicator programs can
gain popular support and broaden dialogue about economic development strategies (Seattle Comprehensive Plan, 2003).
As residents of a region that has seen widespread loss of its
industrial employment base, Northeast Ohioans have long been
concerned with the state of the regional economy, particularly on
maintaining employment opportunities. At the same time, interest has grown in building a region that takes more sustainable
approaches to land use, energy, and food systems. Several local
organizations have promoted both causes. Yet conventional economic measures continue to focus on economic indicators, along
with a few social metrics. If the region focuses solely on quantitative economic and employment growth, it may risk declines in
other aspects of regional well-being. For instance, the construction
boom of the 1990s and early 2000s provided employment opportunities, but at the cost of open space loss, increasing automotive
dependence, reduced vitality in the region’s urban centers, and
contribution to the national housing bubble. Job growth that provides external economic, social, and environmental beneﬁts is more
likely to improve the region’s well-being than growth in sectors that
erode social and natural capital.
The scenario analysis conducted in this paper offers a snapshot
of the application of local GPI analysis as a tool for decision making.
Even though we analyzed hypothetical scenarios, they are based
on current policy initiatives and demonstrate in monetary terms
the magnitude of beneﬁts of implementing renewable portfolio

4
Strong sustainability refers to constant environmental quality whereas weak
sustainability is based on non-decreasing value of aggregate income and environmental quality (Hediger, 1999).
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standards and converting vacant lands into urban gardens and
green spaces in Northeast Ohio. It shows how the beneﬁts of these
initiatives are distributed across multiple GPI indicators. The results
also indicate the relative magnitudes of the impact of different
programs and could be used to prioritize various state and local
initiatives.
Members of the local academic and nonproﬁt communities are
developing tools to provide faster annual updates of GPI results
and implementing an outreach program based on the GPI analysis
conducted as part of this study. This program can offer a model for
other communities interested in focusing on the broader impacts
social impacts of economic decisions.
In this study we have endeavored to develop and document
methods that will enable more reliable, policy-relevant measurements of the GPI for states, counties, and cities. This can enable a
better understanding of how the costs and beneﬁts of economic
development are distributed nationally, regionally and locally.
Tools like the GPI can complement the development of existing
economic, social, and environmental indicators underway in many
cities and regions across the U.S. Many leaders realize that in order
to attract a creative, skilled work force, it is increasingly necessary
to adopt policies to protect and enhance “quality of life” amenities
in the region. If the GPI can be measured regularly to demonstrate
changes brought about by these policies, it has the potential to
serve local governments and metropolitan regions as a valuable
local indicator measuring progress toward economic, social, and
environmental goals.
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