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While global Gross Domestic Product (GDP) has increased more than three-fold since 1950, economic wel-
fare, as estimated by the Genuine Progress Indicator (GPI), has actually decreased since 1978. We synthesized
estimates of GPI over the 1950–2003 time period for 17 countries for which GPI has been estimated. These 17
countries contain 53% of the global population and 59% of the global GDP. We compared GPI with Gross
Domestic Product (GDP), Human Development Index (HDI), Ecological Footprint, Biocapacity, Gini coefficient,
and Life Satisfaction scores. Results show a significant variation among these countries, but some major trends.
We also estimated a global GPI/capita over the 1950–2003 period. Global GPI/capita peaked in 1978, about the
same time that global Ecological Footprint exceeded global Biocapacity. Life Satisfaction in almost all countries
has also not improved significantly since 1975. Globally, GPI/capita does not increase beyond a GDP/capita of
around $7000/capita. If we distributed income more equitably around the planet, the current world GDP
($67 trillion/yr) could support 9.6 billion people at $7000/capita. While GPI is not the perfect economic welfare
indicator, it is a far better approximation than GDP. Development policies need to shift to better account for real
welfare and not merely GDP growth.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Nations need indicators that measure progress towards achieving
their goals—economic, social, and environmental. Standard economic
indicators like gross domestic product (GDP) are useful for measuring
just one limited aspect of the economy—marketed economic activity—
but GDP has been mistakenly used as a broader measure of welfare
(Costanza et al., 2009; Stiglitz et al., 2010). GDP was never designed to
measure social or economic welfare, and yet, today, it is the most com-
monly used indicator of a country's overall performance (Kuznets,
1934; Marcuss and Kane, 2007; McCulla and Smith, 2007).

GDP's current role poses a number of problems. Amajor issue is that it
interprets every expense as positive and does not distinguish welfare-
enhancing activity from welfare-reducing activity (Cobb et al., 1995;
Talberth et al., 2007). For example, an oil spill increases GDP because of
the associated cost of cleanup and remediation, but it obviously detracts
from overall well-being (Costanza et al., 2004). GDP also leaves out
many components that enhance welfare but do not involve monetary
.

rights reserved.
transactions and therefore fall outside the market. For example, the act
of picking vegetables from a garden and cooking them for family or
friends is not included in GDP. Yet buying a similar meal in the frozen
food aisle of the grocery store involves an exchange ofmoney and a sub-
sequent GDP increase. GDP also does not account for the distribution of
income among individuals, which has a considerable effect on individual
and social well-being (Wilkinson and Pickett, 2009).

Amore comprehensive indicator would consolidate economic, envi-
ronmental, and social elements into a common framework to show net
progress (Costanza et al., 2004). A number of researchers have pro-
posed alternatives to GDP that make one or more of these adjustments
with varying components and metrics (Smith et al., 2013). Some have
also noted the dangers of relying on a single indicator and have pro-
posed a “dashboard” approach with multiple indicators.

One such alternative indicator that has been commonly used is the
Genuine Progress Indicator (GPI). While GDP is a measure of current
production, theGPI is designed tomeasure the economicwelfare gener-
ated by economic activity, essentially counting the depreciation of com-
munity capital as an economic cost. The GPI is a version of the Index of
Sustainable EconomicWelfare (ISEW) first proposed in 1989 (Daly and
Cobb, 1989). However, for the purposes of this paper we use GPI and
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ISEW interchangeably. GPI starts with Personal Consumption Expendi-
tures (a major component of GDP) but adjusts them using 24 different
components, including income distribution, environmental costs, and
negative activities like crime and pollution, among others. GPI also
adds positive components left out of GDP, including the benefits of
volunteering and household work (Talberth et al., 2007). By separating
activities that diminish welfare from those that enhance it, GPI better
approximates sustainable economic welfare (Posner and Costanza,
2011). GPI is not meant to be an indicator of sustainability. It is a mea-
sure of economic welfare that needs to be viewed alongside biophysical
and other indicators. In the end, since one only knows if a system is sus-
tainable after the fact, there can be no direct indicators of sustainability,
only predictors (Costanza and Patten, 1995).

Past national GPI studies have indicated that in many countries,
beyond a certain point, GDP growth no longer correlates with increased
economic welfare. An important function of GPI is to send up a red flag
at that point. Since it is made up of many benefit and cost components,
it also allows for the identification of which factors increase or decrease
economic welfare. Other indicators are better guides of specific aspects.
For example, Life Satisfaction is a bettermeasure of overall self-reported
happiness. By observing the change in individual benefit and cost com-
ponents, GPI reveals which factors cause economicwelfare to rise or fall
even if it does not always indicate what the driving forces are behind
this. It can account for the underlying patterns of resource consumption,
for example, but may not pick up the self-reinforcing evolution of
markets or political power that drives change.

2. Critiques of GPI and Responses

There have been a number of criticisms of GPI (Brennan, 2008;
Harris, 2007; Neumayer, 2010). These include that theGPI: 1) uses inap-
propriate valuation methods to estimate some GPI items; 2) assumes
that human-made capital and natural capital are substitutes; 3) includes
some important welfare-related items but overlooks others, such as the
benefits of political freedom; 4) is subjective in its choice of components
to include and 5) lacks a solid theoretical basis. These criticisms are
addressed in turn below.

The criticism regarding valuation methods refers to GPI's use of the
cumulative cost of some environmental items, such as the cumulative
cost of land degradation, lost wetlands, and long-term environmental
damage. The reasonwhymany GPI researchers have adopted a cumula-
tive cost approach when calculating some environment costs relates to
their ‘strong sustainability’ stance on GPI adjustments (Lawn, 2005).
One of the essential aims of the GPI is to measure the economic welfare
generated by economic activity. Economic activity, it should be recog-
nized, is undertaken to generate a level of economic welfare greater
thanwhat can be provided by natural capital alone. For the GPI to prop-
erly reflect this reality, it is necessary to subtract the permanent loss of
natural capital services.

There are many possible ways to measure these permanent losses.
The most obvious way is to assume that the current welfare cost
equates to the amount that existing people should be compensated
for inheriting a diminished stock of natural capital. To be consistent
with strong sustainability, appropriate compensation should approxi-
mate what it would have cost past generations to have kept the stock
of natural capital intact. This is equivalent to the cumulative rather
than annual cost of some environmental losses.

Another prominent criticismof theGPI is the viewexpressed by some
observers that the calculation of the GPI implicitly assumes that human-
made capital and natural capital are substitutes. The basis of this criticism
is that since the GPI involves the aggregation of diverse benefit and cost
items into a single index, it is assumed that the additional benefits from a
growing stock of human-made capital can perfectly substitute for the
reduced benefits arising from a diminished stock of natural capital.

In responding to this criticism, it should be noted that if a benefit
item rises by as much as another benefit item falls (or as much as a
cost item increases), then the former has, at least for the time being, com-
pensated for the latter. Thus, from a current welfare perspective, it is en-
tirely correct to say that the former constitutes a substitute for the latter.
However, this does not amount to saying that the total economic welfare
currently being enjoyed is sustainable. To suggest otherwise is towrongly
confuse the substitutability of current welfare benefits with the substitut-
ability of the capital that yields the welfare benefits.

For example, if the additional welfare benefits of more timber furni-
ture exactly offset the immediatewelfare losses of a cleared forest, current
welfare remains unchanged. However, unlike forest, timber furniture
cannot provide some of the source, sink, and life-support services that
are needed to sustain future economic activity, including theproduction
of new timber furniture. Thus, overall, current economic welfare has
remained unchanged but the capacity for that economic welfare to be
sustained has declined. Although the GPI reflects the former only, it
should not be criticized simply because it does not fully reflect the latter
since theGPIwas never designed to be a strictmeasure of sustainability.
It is for this reason that the GPI needs to be supplemented by biophysical
indicators, such as the Ecological Footprint, to better indicate whether
the economic welfare currently being enjoyed is sustainable.

Finally, an item such as the political freedom enjoyed by the nation's
citizens is not included in the GPI because it is not the aim of the GPI to
measure all welfare-related factors. As already stressed, the GPI is con-
fined to measuring the total economic welfare generated by economic
activity. It is confined in this way because one of the purposes of the
GPI is to determine whether economic activity is increasing benefits
more than costs—that is, to determine whether the marginal benefits
of GDP growth are higher or lower than the marginal costs.

Political freedom is not awelfare benefit generated by economic activ-
ity. It should not, therefore, be incorporated into the GPI. If it so happens
that greater political freedom has a positive impact on the economic wel-
fare generated by economic activity, it is reflected in the many items that
makeup theGPI. Thus, it is incorrect to say that theGPI overlooks the pos-
itive effects of greater political freedom. To include a separate welfare
item for political freedom would involve double-counting.

It is important to note that any aggregate indicator, including GDP,
involves subjective judgments aboutwhat to include andhow toweight
different components.

3. Countries for Which GPI Has Been Estimated

GPI has been calculated for several countries and regions (Jackson
and McBride, 2005; Jackson et al., 2008; Lawn and Clarke, 2008; Posner
and Costanza, 2011). GPI is by no means a perfect indicator of well-
being or progress, but it is a better approximation to economic welfare
thanGDP,whichwas never intended as awelfaremeasure. GPI estimates
are often limited by the lack of appropriate social and environmental
data compiled by national statistical agencies. So far, academic groups
or NGOs have performed most GPI estimates. However, recently two
state governments in the U.S. have adopted GPI as an official indicator,
the states of Maryland and Vermont. In addition, the data necessary to
estimate GPI is becoming more available in many countries and regions.
For example, remote sensing data allow better estimates of changes in
natural capital and surveys of individuals about their time use and Life
Satisfaction are becoming more routine. The bottom line is that the
costs of estimating GPI are not particularly high, the data limitations
can be overcome, and it can be relatively easily estimated in most coun-
tries. Alternatively, a simplified version of GPI can also be calculated as an
initial step in the process (Bleys, 2007).

This paper compares GDP/capita with GPI/capita for 17 countries
with previously completed GPI/capita estimates. These 17 countries in-
clude 53% of the human population over five continents: Europe [Austria
(Stockhammer et al., 1997), Belgium (Bleys, 2008), Germany, Italy,
Netherlands (Rosenberg et al., 1995), Poland (Gil and Sleszynski,
2003), Sweden (Stymne and Jackson, 2000), United Kingdom (Jackson
et al., 2008)], North America [United States (Talberth et al., 2007)],
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South America [Chile (Castaneda, 1999)], Oceania [Australia (Lawn,
2008a,b), New Zealand (Forgie et al., 2008)], and Asia [China (Wen
et al., 2008), India (Lawn, 2008a,b), Japan (Makino, 2008), Thailand
(Clarke and Shaw, 2008), Vietnam (Hong et al., 2008)]. We also
compared GPI with several other well-known indicators for the same
countries: Ecological Footprint, Biocapacity, Life Satisfaction, HDI, and
the Gini coefficient as described below. These indicators were chosen
as a comparison with GPI and GDP due to the availability of time series
data and the international recognition they have received over the
past few decades. Through this comparison we can identify trends
in national progress and some of the key differences between the
indicators.

We also synthesized the available country estimates of GPI to derive
a global GPI estimate from 1950 to 2005. While many uncertainties
remain, including differences in methods and time periods covered in
the different studies, discussed below, this derived estimate clearly
shows a divergence between GDP and GPI after about 1978. In doing
so, we also estimate a per capita GDP benchmark where per capita GPI
at the global level begins to decline—where the costs of GDP growth
begin to outweigh the benefits. Many other studies have pointed out
the failings of GDP as an indicator of economic welfare (Easterlin,
1995), however, none have previously provided a global estimate of
where economic welfare starts falling.
4. Methods

We performed a metadata analysis on the existing peer-reviewed
literature that calculated time series GPI/capita and ISEW/capita at the
national level. We found studies for 17 countries, for portions of the
period between 1950 and 2010. However, methodological differences
existed within the primary studies. For instance, many GPI studies
used the Gini coefficient to estimate the inequality index. The U.K. and
Swedish studies used the Atkinson index directly to estimate welfare
loss. Some studies count cumulative GHG emission damage; others do
not. However, we aggregated these studies with the assumption that
they were sufficiently comparable on the basis that the underlying
methodologies were similar.

We also assembled data on GDP/capita, HDI, Ecological Footprint/
capita, and Biocapacity/capita, for these 17 countries and the Gini
coefficients and Life Satisfaction for a subset.

▪ Ecological Footprint: A measure of humanity's demand on nature. It
measures howmuch biologically productive andmutually exclusive
land area is necessary to provide humanity with the goods and
services it requires with the current technology (Wackernagel and
Rees, 1996; Wackernagel et al., 1999).

▪ Biocapacity: A measure of the biologically productive land available
for producing resourcematerials and absorbingwaste. It is calculated
by considering not only the biological yield but also the technology
and institutions available to take advantage of that yield
(Wackernagel et al., 2004).

▪ HumanDevelopment Index (HDI): An index of life expectancy, educa-
tion attained, and income per capita (McGillivray, 1991). The United
Nations Development Programme (UNDP) developed HDI as a
means ofmeasuring development that included both social and eco-
nomic progress (United Nations Development Programme, 1990).

▪ Life Satisfaction: A measure of subjective well-being based upon
responses to questions about Life Satisfaction and personal happiness
(Diener et al., 1999; Inglehart, 2000). Administered by the World
Values Survey, and more recently by the Gallup Organization.
Answers are typically from 0 to 10, where 0 is dissatisfied and 10 is
satisfied.

▪ Gini coefficient: A measure of income inequality. A Gini coefficient of
zero indicates perfect equality while a coefficient of one indicates
maximum inequality (Jacobson et al., 2005).
We indexed the data at year 1990 and created plots for each country
as a means of comparing the changes in the indicators (Fig. 1).

We converted GPI/capita (or ISEW/capita) of each country to 2005
$U.S. by adjusting for currency and inflation. All GDP and GDP/capita
data are in $U.S. 2005 converted using Purchasing Power Parity (PPP).
We thenmultiplied those by the population of the relevant years to pro-
duce GDP and GPI for each of the 17 countries for each year. Adding up
those two indicators, we determined the total GDP and GPI for around
53% of the world's population and 59% of the global GDP, depending
on the data available in each year. Because the data available for the
17 countries did not all begin in the same year, the introduction or
exclusion of a country has a significant effect on the GPI andGDPwe cal-
culated. These shifts between years can be seen in Fig. 2.

Adjusting for this, we estimated a global GPI from our partial GPI
based on the relationship between the partial GDP we calculated for
the 17 countries and the actual world GDP for that year. Basically, due
to the limited availability of GPI data, a population weighed sum was
extrapolated from the 17 countries to estimate a global GPI. This was
done by calculating the total GPI/capita and GDP/capita of each country
and year in common units, aggregating them, and adjusting for popula-
tion to estimate global GPI/capita and GDP/capita (Fig. 3).

For example, in 1969, we found that the partial GPI/capita was
$10,794 but it dropped dramatically to $4364 by 1970. This is due to
the introduction of China's GPI/capita into the calculations, which only
began in 1970. We saw a similar drop that year in partial GDP/capita.
However, since we knew the actual world GDP/capita for that year, we
were able to use the relationship between the partial and the actual
GDP/capita to revise our estimate of GPI/capita from the original estimate
using the ratio: (Actual GPI/Estimate GPI) = (Actual GDP/Estimated
GDP).

The resulting estimate is certainly not precise, but neither are
multi-country aggregates of GDP time series, and the general trends in
both are un-mistakable.

5. Results

We graphed the GPI/capita for all 17 countries on one graph
(Fig. 4) (all GPI data were in $U.S. 2005). Several of the 17 countries
showed a similar trend of an increasing GPI/capita highly correlated
with GDP/capita until at some point the GPI/capita either levels off
or begins to decrease. This is primarily seen not only in European
countries, but also China, and the U.S. We also graphed GDP/capita
for all 17 countries (Fig. 5). For the majority of countries, GDP/capita
has a continuous upward trend throughout the entire time period of
1950 through 2005.

The global GPI/capita andGDP/capita produce a similar trend (Fig. 3)
over the early years of the study. Around 1978, the GPI/capita levels off
and begins to decrease slightly, while GDP/capita continues to increase.

Indexed values (base year 1990 = 100) for GDP, GPI (or ISEW in
some cases), HDI, Ecological Footprint, and Biocapacity were calculated
for the 17 countries, while the Gini coefficients and Life Satisfaction for
some of them (Fig. 1).

When global GDP/capita is graphed versus global GPI/capita (Fig. 6),
a strong linear correlation (R2 = 0.98) is observed from about $3000 to
$7000 GDP/capita. During this time, GPI/capita increases from its mini-
mum to its maximum of about $3500. After this point, GDP/capita
continues to increase while GPI/capita diverges, showing a negative
correlation (R2 = 0.61).

5.1. Results from the 17 Countries

Fig. 4 shows trends in GPI/capita for all 17 countries for which GPI or
ISEW has been estimated, along with trends in GDP/capita, Ecological
Footprint, Biocapacity, HDI, and the Gini coefficient. Below we describe
some of these trends.
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Australia experiences an almost parallel increase in GDP/capita and
GPI/capita until approximately the mid-1970s. In the 1970s, a signifi-
cant decline in income distribution was experienced in Australia, just
as in many other developed countries around the world (Hamilton,
1999). Much of this decline in GPI/capita, after the mid-1970s, was
due to transference of non-paid labor into the market. Between 1994
and 2006, GDP/capita rose sharply, however, GPI/capita did not experi-
ence a similar increase due to environmental and social losses Australia
was experiencing at the same time (Lawn, 2008a,b). Although the Eco-
logical Footprint/capita shows a slow decrease over the study period,
Biocapacity/capita also decreases significantly. Life Satisfaction remains
relatively constant, as does HDI, which shows a slight increase.
Fig. 1. Comparison with other indicators. The 17 countries used in this study comparing in
HDI, Life Satisfaction, and the Gini coefficient. All graphs are indexed to 1990 = 100.
Austria experiences an almost parallel increase in GDP/capita and
ISEW/capita until approximately 1980. At which point, GDP/capita con-
tinues to increase while ISEW/capita levels off. This leveling off is pri-
marily caused by long-term environmental damage, a worsening in
income distribution, and a substitution between household production
and private consumption (Stockhammer et al., 1997). The Ecological
Footprint/capita increases significantly while Biocapacity/capita
remains constant. The two intersect around 1970, the time at which
Austria's footprint exceeds its Biocapacity. Life Satisfaction remains
constant while HDI increases slightly.

Belgium shows a steady increase in GDP/capita through the study
period. However, ISEW/capita is more volatile, experiencing two
dexed trends for GPI/capita, GDP/capita, Ecological footprint/capita, Biocapacity/capita,
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periods of steady increase ending with short periods of decline. The
recession in ISEW in the 1980s was primarily due to a decrease in net
capital growth, while the one in the 2000s is primarily due a decrease
in Belgium's net international investment position (Bleys, 2008). The
other four indices remain relatively constant. Ecological Footprint/
capita experiences amajor dip around 1965 due to a calculation change
and HDI increases slightly.

Chile's ISEW runs almost parallel to GDP until around 1985. After the
1982 recession, GDP/capita began to increase, almost double, while
ISEW continued to decrease. Personal consumption caused the increase
in GDP/capita, however, the accumulated environmental degradation,
defensive costs, and depletion of natural capital decreased the popula-
tions' welfare overall. This dip in ISEW/capita in 1973 was the result
of the military coup, which shifted the Chilean economy from very reg-
ulated to very deregulated (Raczynski and Romaguera, 1995). This coup
increased privatization and decreased the role of the federal govern-
ment, it also enactedmarket liberalization policy, including internation-
al trade. All these increased unemployment, inflation, debt, and interest
rates, creating a recession and a decreasing of personal consumption
(Castaneda, 1999). Ecological Footprint/capita increases approximately
at the same rate as GDP/capita until about 1995 and then decouples
from GDP/capita. Biocapacity/capita was on a continuous down-slope.
HDI increased from medium level of development category while the
Gini coefficient remains relatively constant.

China'smost startling feature is the phenomenal growth rate of its
GDP/capita in the post-1978 period, after the ascendance to power of
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Deng Xiaoping. This 15-fold increase in GDP/capita since 1950 was
primarily due to a radical shift in policy towards what was called a
“socialist market economy”, with increased foreign investment,
exports to the globalmarket and limited private competition. GPI/capita
also improved during this period, especially in the 1990–1997 when
GPI/capita growth rated equaled the growth rates of GDP/capita. How-
ever, after 1997 GPI/capita leveled off even as GDP/capita continued its
rapid rise. This divergence was due to the rapid increase of the external
costs associated with rapid GDP growth—worsening income distribu-
tion (see the Gini coefficient), increasing crime, family breakdown, air
and water pollution, and non-renewable resource depletion (Wen
et al., 2008). China's HDI increased gradually over the period of record,
from 1980 to 2010, driven by GDP/capita and spending on health and
education. Biocapacity/capita and the Ecological Footprint/capita inter-
sect at around 1990. Between 1981 and 2005, the Gini coefficient also
continues to increase steadily, going from 0.29 to 0.42, thus indicating
a significant worsening of income distribution.

Germany: As with other European countries after the end of World
War II andMarshall plan reconstruction, Germany's GDP/capita showed
steady and rapid improvement over the whole period from 1950 to
2010. Germany's ISEW/capita was only estimated from 1950 to 1990
(this covered the Federal Republic of Germany only). Over this period
it increased faster thanGDP/capita from1950 to 1980 and then declined
from 1980 to 1990, but averaged over the whole period from 1950 to
1990 as it kept pace with increasing GDP/capita (Diefenbacher, 1994).
Germany's Ecological Footprint/capita increased paralleling GDP/capita



Fig. 2. Unadjusted global GPI/capita & GDP/capita. GPI/capita was estimated by aggregating data for the 17 countries for which GPI or ISEW had been estimated. Unadjusted for
discrepancies caused by incomplete coverage by comparison with global GDP/capita data for all countries. All estimates are in 2005 US$.

63I. Kubiszewski et al. / Ecological Economics 93 (2013) 57–68
from 1950 to about 1970, after which increasing environmental aware-
ness led to a decreasing footprint/capita. Biocapacity/capita remained
relatively stable over the entire period. HDI increased gradually over
the period of record, from 1980 to 2010, driven by GDP/capita and
spending on health and education. Life Satisfaction in Germany
increased from 1960 to 1980, was flat between 1980 and 1990, and
decreased a bit after 1990.

India'sGDP/capita showed steady improvement over the period from
1950 to 1988, after which GDP/capita accelerated at an amazing rate.
India's GPI/capita was only estimated from 1985 to 2003. Over this peri-
od it increased, but at a much slower rate than GDP/capita. Interestingly,
India's Gini coefficient decreased over this period due to the rapid
growth of the middle class. In absolute terms, India's GDP/capita and
Fig. 3. Adjusted global GPI/capita & GDP/capita. GPI/capita was estimated by aggregating d
discrepancies caused by incomplete coverage by comparison with global GDP/capita data f
GPI/capita are still relatively low, however (Lawn, 2008a,b). India's Eco-
logical Footprint/capita increased over the whole period, but not nearly
as fast as GDP/capita. Biocapacity/capita decreased gradually over the en-
tire period. HDI increased gradually over the period of record, from 1980
to 2010, driven by GDP/capita and spending on health and education.

Italy: After World War II and Marshall plan reconstruction, Italy's
GDP/capita showed steady improvement over the whole period from
1950 to 2010. Italy's ISEW/capita was only estimated from 1960
to 1990. Over this period it decreased from 1960 to 1970, during a peri-
od of internal political turmoil, and then increased more rapidly than
GDP/capita from 1970 to 1990. Italy's Ecological Footprint/capita
increased paralleling GDP/capita and Biocapacity/capita remained fairly
constant over the entire period. HDI increased gradually over the period
ata for the 17 countries for which GPI or ISEW had been estimated, and adjusting for
or all countries. All estimates are in 2005 US$.

image of Fig.�2
image of Fig.�3


Fig. 4. GPI/capita. The GPI/capita for all 17 countries used in this. Estimates are from various sources noted in the text. All data are in 2005 US$.
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of record, from 1980 to 2010, driven by GDP/capita and increased
spending on health and education.

Japan is unique in that it is the only developed country in which
GPI/capita continues to follow GDP/capita. Prior to 1973, during the
post-war growth, it saw a relatively quick increase in GPI/capita.
However, when the first and second oil crises of 1973 and 1979 hit,
GPI/capita became largely stagnant, as the country experienced its larg-
est recession since WWII. However, to overcome this recession, the
Japanese government created financial measures that brought upon an
economic bubble, lasting from1987 through about 1990.When this bub-
ble popped another recession occurred. However, nomajor downturn in
GPI/capita was observed as Japan relied heavily on domestic coal
Fig. 5. GDP/capita. The GDP/capita for all 17 coun
Source: Maddison (http://www.ggdc.net/MADDIS
deposits during the 1960s and early 1970s, afterwhich it shifted towards
importing the majority of its natural resources, and towards oil and
nuclear energy. This allowed Japan to decrease its pollution and use of
domestic natural resources, allowing GPI/capita to retain some of its
growth (Makino, 2008).

Netherlands: As with other European countries after the end of
World War II and Marshall plan reconstruction, the Netherlands'
GDP/capita showed steady improvement over the whole period from
1950 to 2010. The Netherlands' ISEW/capita was only estimated from
1950 to 1990. Over this period it increased at the same rate as GDP/capita
from 1950 to 1960 and thenmore rapidly than GDP/capita from 1960 to
1978. The 1960s and 1970s were times of great social and cultural
tries used in this study. All data in 2005 US$.
ON/oriindex.htm).
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Fig. 6. GDP/capita vs. GPI/capita. A plot of global GDP/capita versus estimated global GPI/capita. The two are positively correlated until about $7000/capita (R2 = 0.98), after which
they diverge with a negative correlation (R2 = 0.61). All data in 2005 US$.
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changes, with the construction of thewelfare state, liberalization and de-
creasing income disparity. This trend reversed after 1978, but GPI/capita,
averaged over the whole period from 1950 to 1990, kept pace with in-
creasingGDP/capita (Rosenberg et al., 1995). TheNetherlands' Ecological
Footprint/capita increased paralleling GDP/capita from 1950 to about
1980, after which increasing environmental awareness led to a slightly
decreasing Ecological Footprint/capita. Biocapacity/capita decreased
gradually over the entire period. HDI increased gradually over the period
of record, from 1980 to 2010, driven by GDP/capita and spending on
health and education.

New Zealand experiences fluctuations throughout much of the time
period for which GPI/capita has been calculated. Between about 1970
and 1984, New Zealand had a strong central government. It maintained
a full employment economy, high wages, and social welfare systems.
Between 1984 and 1994, major reforms were undertaken to make the
economymore flexible and provide the countrymore of a global compet-
itive advantage through deregulation. This move towards globalization
also increased the use of non-renewable energy, greenhouse gas emis-
sions, and unemployment. This can be seen by a decline in GPI/capita
over this time period. Between 1994 and 2005, post-reform, NewZealand
developed a liberalized and competitive economy, which increased
employment and business confidence, but continued to put stress on
the environment (Forgie et al., 2008). Some of the other indicators also
experience fluctuations. The Ecological Footprint varies significantly
between 1962 and 2008 but does not increase or decrease overall.
Biocapacity decreases, while HDI and Life Satisfaction increase.

Poland experiences amajor decrease in GPI between 1986 and 1989.
This was a time of much instability within the government, when the
Berlin Wall fell, and communism collapsed in Poland. However, the
decrease in GPI/capita between 1986 and 1989, and then again between
1995and 1997, was also caused by an accumulated decrease in natural
capital and household labor (Gil and Sleszynski, 2003). From 1961
through about 1980, Ecological Footprint/capita increased, however, it
leveled off until about 1987,when it started decreasing. Such a decrease
was caused by the instability in the government and the decrease in the
availability of personal goods to consume. The decrease in Ecological
Footprint/capita leveled off in early 1990 and only began increasing
early 2000s. Biocapacity/capita remained constant through most of
this period. HDI also remained relatively constant. The Gini coefficient,
on the other hand, increased significantly in 1992 once communism fell.
Sweden's ISEW/capita was only estimated from 1950 to 1992. Over
this period it increased at the same rate as GDP/capita from 1950 to
1970, increased faster than GDP/capita from 1970 to 75 but then leveled
off from 1975 to 1992, following a leveling of GDP/capita. GDP/capita
showed steady improvement over most of the period with recessions in
the mid 1970s, coinciding with the Arab oil embargos, and late 1980s.
Sweden's Ecological Footprint/capitawas quite variable but relatively sta-
ble over the entire period and Biocapacity/capita decreased slowly over
the entire period (Jackson and Stymne, 1996). HDI increased gradually
over the period from 1980 to 1995, driven by GDP/capita and spending
on health and education, but leveled off after 1995 (albeit at a very high
level). Life Satisfaction in Swedenwas very constant over the whole peri-
od. Remember that these graphs are indiceswith 1990 as the base, so they
show trends and changes. Sweden has relatively high numbers in abso-
lute terms in GDP/capita, GPI/capita, and Life Satisfaction along with a
low Gini coefficient (more equal distribution of income), meaning that
adjusted Personal Consumption Expenditures are more equal to its base
Personal Consumption Expenditures.

Thailand underwent four phases during the study period of 1975
through 2004. The first phase was a time when the Thai economy was
transforming from one of agriculture to that of industry. This was a
time of violent political upheavals, high inflation, and increasing fiscal
deficit. Although, growth was seen in GPI/capita, it was moderate
through 1981. Between 1981 and 1990, GPI/capita stagnated strongly
due to the oil crisis experience a few years prior and the general global
recession. However, the early 1990s brought on what was called the
‘golden age’. However, this came to an end around 1997 when a finan-
cial crisis hit many of the Asian economies. Although the Thai economy
managed to quickly recovered, GPI/capita has been variable (Clarke and
Shaw, 2008). Similar pattern can be seen in the Ecological Footprint.
Biocapacity/capital has, however, decreased. The HDI increased signifi-
cantly during this time. Most interestingly, the Gini coefficient has
decreased, which means that inequality within the population has
decreased between 1980 and 2009.

United Kingdom's GPI/capita follows GDP/capita between 1952 and
1969, at which point GPI/capita experiences an intense spike, peaking
in 1976, but dropping quickly to prior levels. This is a time when the
Tory government of Edward Heath came into power, and began to cut
social programs, which continued throughout the Margaret Thatcher
period. Around 1993, GPI/capita began to increase again. GDP/capita,

image of Fig.�6
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as in the United States, continued its steady increase throughout the
entire study period (Jackson, 2004). Interestingly, Ecological Footprint/
capita slightly decreased while Biocapacity/capita slightly increased.
Life Satisfaction remained constant while HDI increased slightly.

United States' GPI/capita shows a similar trend to that of the global
GPI/capita. GPI/capita increases steadily until about 1978, at which
point it flattens out. Between 1950 and 1978, GPI/capita increases sim-
ilarly to GDP/capita. However, GDP/capita continues its steady increase
through 2007 (Talberth et al., 2007). The Ecological Footprint/capita in-
creases sharply until 1973 at which point it flattens out, even decreases
to some extent. However, Biocapacity/capita decreases steadily over the
entire study period as does Life Satisfaction. HDI, on the other hand,
increases slightly.

Vietnam experienced post-war growth until about 1996 (years 1990
and 1991were extrapolated to allow indexing). This growthwas spurred
by foreign investment into the economy and a state-controlled market
economy but with greater private ownership, fewer price controls, and
a public–private development of export processing zones. However,
this economic growth caught up with Vietnam around 1996, when
GPI/capita began to drop for a few years primarily due to environmental
costs. The other indicators, such as the Ecological Footprint/capita were
steady until about 1990, at which point they began to rise sharply
(Hong et al., 2008). Interestingly, Biocapacity/capita decreases until
about 1990 at which point it begins to increase again even as the Ecolog-
ical Footprint/capita increases. HDI also increases significantly during the
study period; however, the Gini coefficient remains relatively stable.

6. Discussion

China experienced rapid GDP/capita growth between 1950 and 2008
as it moved from an agrarian to an industrialized society. GPI/capita also
increased during this time, albeit more slowly. After 1994, China joined
the world market more completely and its GDP/capita, along with its
GPI/capita, increased rapidly. However, this only lasted for about five
years after which worsening income distribution (the Gini coefficient
increased from 29 to 42) and high environmental externality costs be-
came significant enough that they canceled out consumption-related
gains. The change in these costs and benefits can be seen through the in-
dividual components that comprise GPI. Consequently, GPI/capita
leveled off (Wen et al., 2008).

A similar trend is seen in India. A 1995 study by Manfred Max-Neef
showed that the per capita GPI of wealthy nations started to fall when
the per capita GDP reached around $15,000–$20,000 (Max-Neef, 1995).
He concluded at the time that this constituted a ‘threshold’ level of per
capita income (Lawn and Clarke, 2010). A subsequent study in 2008,
showed that Thailand's per capita GPI started to fall when its per capita
GDP reached $7500 (Lawn and Clarke, 2008). For China, the threshold is
at $5000. One interpretation is that the threshold level of per capita
income is contracting because poor nations are growing their GDP in a
‘full’world (Costanza, 2008; Lawn and Clarke, 2010). Hence the marginal
cost of GDPgrowth appears now tobemuchhigher for poor nations at the
same stage of the economic development process. We conclude that the
ability of poor nations to increase their economic welfare may now be
dependent upon rich countries abandoning their sole policy focus on
GDP growth. This would provide the ‘ecological space’ for poor nations
to experience a phase of welfare-increasing growth.

Japan on the other hand, is one of the only developed countries that
experienced a continuous rise in GPI/capita between 1970 and 2003.
Much of this is due to the rebuilding afterWorldWar II, but is particularly
striking in view of Japan's ‘lost decade’ of faltering economic growth. As
in China,much of this growthwas based on intense natural resource use.
In recent years, starting around 1990, the GPI rate of increase has dimin-
ished due to environmental degradation and societal inequality (Makino,
2008). Fig. 1 also shows that Ecological Footprint/capita and Biocapacity/
capita for Japan intersect around 1990. This means that after that point,
Japan began using resources faster than it was generating them.
However, Japan is a very heavy importer of raw materials and therefore
its own environmental costs have not risen significantly (Clarke, 2007;
Makino, 2008). This creates a problem for GPI since it does not handle
transboundary issues well. It also underscores the case for estimating a
global GPI since an undervaluation of environmental costs in one country
is counterbalanced by overvaluation in others.

The graph for the United Kingdom (Fig. 1) seems to showmuch var-
iation over the course of 52 years. However, because these are indexed
graphs, showing only trends,we see that the change in actual GPI/capita
is small throughout that period,which can be seenmore clearly in Fig. 4.
GDP/capita has been increasing steadily over that time period (Fig. 5)
(Jackson et al., 2008) while GPI showed increases and decreases due
to changes in government policies.

The United States (Fig. 1) shows GPI/capita and GDP/capita increas-
ing at a relatively similar rate until about 1979 atwhich point GDP/capita
continues to increase while GPI/capita flattens out. This occurred for
reasons similar to those in other countries: a rising of income
inequality combined with environmental and social costs rising faster
than consumption-related benefits.

Interestingly, HDI and Life Satisfaction do not change much within
any of the 17 countries (see Supplementary information). In three of
our four example countries, Japan, the United Kingdom, and the United
States, the Ecological Footprint/capita remains significantly higher than
Biocapacity/capita.

There is also a general trend that appears from approximately 1950
until around 1975 where the GPI/capita for the majority of countries is
increasing. Much of this is due to the rebuilding effort after World War
II when consumption and built capital were the limiting factors for im-
proving well-being in many countries and environmental externalities
had not yet become significant. However, around the mid-to late 1970s,
much of the infrastructure was rebuilt while rising income inequality
and increasing external environmental costs canceled the growth in
consumption-related benefits, causing GPI/capita to level off.

7. Global Estimates

This same pattern can be seen in the global estimate of GPI/capita
(Fig. 3). At the global level, the decrease begins to occur around 1978.
This decrease has occurred while global GDP/capita has steadily
increased—in some countries drastically, such as China and India. This
shows that although GDP growth is increasing benefits, they are being
outweighed by rising inequality of income and increases in costs.

GPI is not a perfectmeasure of overall humanwell-being since it em-
phasizes economic welfare and leaves out other important aspects of
well-being. It is, however, a far better indicator than GDP, which is not
designed to measure welfare at all. Societal well-being or welfare ulti-
mately depends on the underlying stocks of natural, human, built, and
social capital, and because the GPI makes additions and deductions to
GDP to reflect net contributions to these stocks it is a far superior mea-
sure of economic welfare than GDP (Vemuri and Costanza, 2006). The
disconnection between GPI and GDP, beginning in 1978, shows the
aspects of our well-being that have been declining since that time. It
also provides focus areas in which societal improvement is necessary.

Fig. 6 shows that globally GPI/capita peaks at around $7000 GDP/
capita. This estimate excludes any African countries. Because most
African nations are poor, and given the GPI results for China (where
the GPI started declining at a per capita GDP of $5000), a threshold
per capita GDP value of $7000 is therefore a conservative one.

Until this $7000 GDP/capita peak, the GPI/capita and GDP/capita are
highly correlated (R2 = 0.98). This is consistent with some studies
showing subjectivewell-being leveling of after around $7000GDP/capita
(Deaton, 2008; Inglehart, 1997). It is also interesting that there is a neg-
ative correlation (R2 = 0.61) between GDP/capita and GPI/capita after
about $7000 GDP/capita. This is also consistent with the ‘threshold
hypothesis’ proposed by Manfred Max-Neef, which states that: “for
every society there seems to be a period in which economic growth
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(as conventionallymeasured) brings about an improvement in the qual-
ity of life, but only up to a point—the threshold point—beyond which, if
there is more economic growth, quality of life may begin to deteriorate”
(Max-Neef, 1995).

We can use this GDP/capita maximum from Fig. 6 to estimate the
maximum global GDP/capita consistent with a non-declining GPI/capita.
Assuming better access to family planning services in high population
growth nations, it should be possible to limit the global population
to no more than 9.6 billion people. This is the number of people that
could be equitably supported by the current global GDP/capita of
$67 trillion at approximately $7000 per person. Variations in income
would need to exist between and within nations, however these dispar-
ities should be much smaller than they are today.

Many scientists argue that even current consumption levels are not
sustainable (Daily and Ehrlich, 1992; Rees, 2006). The global Ecological
Footprint/capita exceeded global Biocapacity/capita around 1978. As of
2011, humans were using 135% of the resources that can be sustainably
generated in one year (Ecological Footprint, 2011). Based on this esti-
mate of the degree of current overshoot, we conclude that a 35% in-
crease in the technical efficiency of global production would allow the
global Ecological Footprint to be brought backwithin global Biocapacity.
This degree of technical improvement appears to be feasible (von
Weizsacker et al., 2009). If this degree of technical improvement could
be achieved, then the global GDP of $67 trillion that is required to pro-
vide a welfare-maximizing GDP/capita of $7000 for 9.6 billion people
may be sustainable. Once reached, continuing improvements in envi-
ronmental protection, full employment (distributional equity), and
product quality would allow the GPI/capita to rise without the need
for further increases in global GDP. It may be possible to increase eco-
nomic welfare without having to grow GDP, as recently seen in the
state of Maryland (King, 2012).

Although stopping GDP growth in developed countries will not by it-
self cause economicwelfare to rise, rising environmental costs are direct-
ly related to the rise in the rate of resource use and waste generation,
which is due to the growth in GDP, despite technological advances. Envi-
ronmental costs could be reduced by reducingmaterial and fossil energy
throughput to the global economy. Some of thismay comewith efficien-
cy advances, but somewill result in reductions in GDP—recognizing that
thismay actually bewelfare enhancing. In addition, amore equitable dis-
tribution of income andopportunitieswill allow thewelfare contribution
of a given level of consumption to be increased.Welfare benefits can also
be increased through the production of higher quality, longer lasting
goods and the social capital benefits of a fairer and more just society.

8. Conclusion

It is increasingly recognized that GDP was never designed as a mea-
sure of economic welfare and GDP growth is no longer an appropriate
national policy goal (Costanza et al., 2009; Stiglitz et al., 2010). GPI,
while certainly not perfect, is a far better approximation of economic
welfare than GDP. By assembling GPI estimates and other indicators
for 17 countries representing 53% of the global population, we have
been able to show significant trends and differences, and to estimate a
global GPI. By this measure, economic welfare at the global scale has
not been improving since 1978.

If we hope to achieve a sustainable and desirable future, we need
to rapidly shift our policy focus away from maximizing production and
consumption (GDP) and towards improving genuine human well-being
(GPI or something similar). This is a shift that will require far more atten-
tion to be paid to environmental protection, full employment, social
equity, better product quality and durability, and greater resource use
efficiently (i.e., reducing the resource intensity per dollar of GDP).
These changes are clearlywithin our grasp, and are underway in several
countries and regions. Alternative measures of progress, like GPI, are
useful to help chart and guide the course if appropriately used and
understood.
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