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Inter-generational equity is essential for environmental sustainability. The current gen-
eration inherits an environment with a certain quality from the previous generation. The
impact on the environment gradually exacerbates and accumulates over a period of time
between two generations. However, currently there is no index available to assess inter-
generational equity. Generally a typical environmental index is established to represent the
environmental status in a specific year. This kind of index, although it presents the annual
environmental variation, does not reflect the degree of change in environmental sustain-

Keywords: ability between two generations. Therefore, an inter-generational equity index (IGEI) and an
Inter-generational equity endowment equation to examine the temporal trend of the changing environment are
Index proposed for assessing inter-generational equity. To demonstrate the applicability of the

endowment equation, an IGEI was established to assess the inter-generational equity of
global warming. The global warming IGEI evaluates the status between two generations
based on three sub-indexes; CO, emission, loss due to climate disasters, and the size of the
existing forest area. The pressure-state-response (PSR) framework was adopted to explain
the causal relationship between these three sub-indexes. According to the endowment rate
determined by the proposed equation for each sub-index, the increase in CO, emission from
1980 to 2000 shows an obviously inequitable pattern between generations. Subsequently,

Environmental sustainability

the loss due to climate disasters between generations was also more serious. The size of the
forest area, an important factor for reducing the impact of global warming, is unfortunately
also decreasing significantly between generations. Using the endowment rate determined
by the proposed endowment equation, the evaluation of the inter-generational equity is
made possible and is demonstrated by the IGEI established for global warming.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction tions to meet their own needs.” Inter-generational equity has

become an essential issue for sustainable development. The

The well-known document “Our Common Future” (WCED,
1987) established a widely accepted definition of sustainable
development: “...development that meets the needs of the
present without compromising the ability of future genera-
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state of the environment of the current generation is inherited
from the previous generation, and the current generation has
the responsibility to maintain or improve this environmental
quality and deliver it to the next generation (Young, 1995). The

Abbreviations: IGEI, inter-generational equity index; GW-IGEI, global warming inter-generational equity index; PSR, pressure-state-

response.
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environmental impact caused by activities in the current
generation is accumulated over the time period of that
generation and passed on to the next generation. (Syme
etal., 2006). The current generation should do their best to stop
the deterioration of the environment and instead improve it.

To assess the progress of improving the environmental
sustainability, indicators are frequently used to measure that
progress (Hezri and Hasan, 2004; Wilson et al., 2007). For
instance, the Environmental Sustainability Index (Esty et al.,
2005), Environmental Vulnerability Index (Kaly et al., 2004),
and the Regional Quality of Life Counts (UK DEFRA, 2004) are
three typical examples of these indicators. However, they are
used to assess the environmental sustainability in a specific
year and do not reflect the temporal inter-generational change
of environmental sustainability. Although some indicators
already have periodical records for many years, they merely
show the variation of environmental quality, which does not
explain the equity between generations. Therefore we propose
an inter-generational equity index (IGEI) in this study.

To develop this proposed IGEL, an appropriate measure to
reflect inter-generational changes is necessary. Unfortu-
nately, no such measure is currently available. At present,
the temporal environmental change is usually evaluated by
comparing the difference between the two indicator values of
the current and the previous years (OECD, 2001; EEA, 2002).
However, this yearly difference measure may fluctuate
substantially, especially when a special or unusual event
happens during a specific year. Furthermore, inter-genera-
tional change must evaluate the status over a longer term.
Therefore, an endowment equation is proposed in this study.
The endowment rate determined by the proposed equation is
used to measure the inheritance change, either positive or
negative, between two generations.

Global warming is an important issue for environmental
sustainability. Great attention must be paid to the inter-
generational equity of global warming in order to make people
aware of the importance of constantly improving the
sustainability of the environment. Although several models
are available (e.g. Shiell, 2003; Newell and Pizer, 2003; Griibler
and Fujii, 1991) for analyzing inter-generational equity, they
are complicated and not easy for the general public to
understand. Therefore, the global warming IGEI (GW-IGEI)
was developed to demonstrate the applicability of the
proposed endowment rate and endowment equation. This
study adopts the pressure, state, and response (PSR) frame-
work (OECD, 2003) to explain the cause-effect relationships
among the sub-indexes of the proposed GW-IGEIL. The PSR
framework can highlight the cause-effect relationships
among sustainability issues. Three sub-indexes were selected,
those of CO, emission, loss due to climate disasters, and the
size of forest area, and they correspond to pressure, state, and
response, respectively. The values of these three sub-indexes
were determined using the proposed endowment equation for
assessing the global warming inter-generational equity.

The remainder of this paper is organized as follows. In the
next section the definition of “generation” is discussed. Then,
the proposed endowment equation is described. Next, the
three sub-indexes for global warming are explained. Finally,
the establishment of the GW-IGEI is demonstrated and
discussed.

2. Generation

For assessing inter-generational equity, it is essential to first
define a generation. There are two typical definitions.
According to Edmunds and Turner (2002) and Miller (1999), a
generation can be defined as a cohort born during a specific
time period and having common historical experiences. The
other one (e.g., Young, 1995; Oxford English Dictionary, 2008)
defines a generation as a period of time between the birth of
parents and their children. However, such definitions are used
for specific historical or age-difference studies and are not
appropriate for assessing environmental sustainability and
inter-generational equity. Environmental problems impact on
humans of all ages and should not focus on a few specific ages
only. Since the industrial revolution, lifestyles have changed a
great deal and the sustainability of the environment has also
greatly been affected. At the same time, to reduce the impact
for improving the environmental sustainability, a new life-
style should be introduced (UNDP, 2007). Therefore, this study
modified the definition of generation and defining it as people
who live in the same era, and have a common lifestyle that
impacts the environment or is influenced by the environment
even though such a lifestyle-based generation has as yet not
been studied nor defined.

For the time span of a generation, literatures in other areas
(e.g., Verrelli et al.,, 2002; Oxford English Dictionary, 2008)
usually define the time span of a generation between 20 and 30
years. However, the exponential advances of modern tech-
nology in recent decades has changed people’s lifestyle rapidly
(Rosa, 2003), and the resulting impact from human activities
on the environment is increasing accordingly. Therefore, a
generation span of 30 years is too long to present the
environmental sustainability change. Furthermore, using
the population growth as an example, as shown in Table 1,
the world population increased from 0.3 billion to 1 billion over
1804 years, from 1 billion to 2 billion it took 123 years, and the
intervals for increasing 1 billion population are getting shorter
and shorter (UN, 1999). It might have been appropriate to set a
generation longer than 20 years or more for assessing
environmental sustainability about a 100 years ago, but it is
no longer appropriate for such a long span to define a
generation for assessing inter-generational equity in today’s
world, especially for many globally critical issues, such as
global warming, water, food, etc. Although a generation span
of 20 years is acceptable, currently available data for some
environmental sustainability issues are not enough to produce
meaningful results for further analyses. To produce a result for

Table 1 - World population.

Year Population Interval to next billion
0 0.3 billion 1804 years

1804 1 billion 123 years

1927 2 billion 33 years

1960 3 billion 14 years

1974 4 billion 13 years

1987 5 billion 12 years

1999 6 billion

Data source: United Nations (UN, 1999).
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such a long period of time, data from at least 40 years, 20 years
for the current generation and the other 20 years for the
previous generation, should be available. Since it is not, this
study adopted 10 years as the span of a generation for
assessing the environmental sustainability inter-generational
equity.

3. Endowment equation

In the past, the temporal change of indicator values has often
been evaluated by one of the following two equations.

Yc
R_Y_p 0]
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where R is the temporal change rate; and Y¢ and Yp are the
values of an indicator for the current and previous years,
respectively. Although both equations can reflect the relative
temporal change between two specific years, they can not
properly assess the inter-generational temporal change of
sustainability. Both equations evaluate the values in two
specific years only, and do not compare the values with a
benchmark or target. Consequently it is difficult to assess
how good the temporal change toward sustainability is, based
on the change rates determined by the equations. For exam-
ple, the change rate of the size of the global forest areas from
1970 to 1980 is 0.79% (FAO, 2007). According to the temporal
change rate, this does not look like a serious problem. How-
ever,infact, the area of forestlostis about 34 million hectares,
and the sustainability between two generations has
decreased substantially. The area of deforestation from
1961 to 1970is about 42 million hectares, while the deforesta-
tion from 1961 to 1980is about 76 million hectares. If the forest
areain 1961 is set to be a desired target to recover to, then the
deforestation in 1980 is 1.81 times more than that in 1970.
Therefore, by including the target into the calculation, the
extent of the environmental sustainability can be evaluated
more clearly than by calculating the change rate by Egs. (1)
and (2).

To resolve the problem of applying Egs. (1) and (2), this
study proposes the following equation for assessing inter-
generational equity.

_T-Gc

R
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(3)

where T is an exemplar that is expected to be achievable,
although not actually achieved, during the period of both
evaluated generations; G¢c and Gp are the average values of
an indicator for the current and previous generations, respec-
tively. Since the value of an indicator in a specific year can not
represent the overall environmental status of a generation and
may fluctuate substantially during a generation, the average in
the entire period of a generation is thus used instead.

Since by simply comparing indicator values themselves
one can not know how far an indicator value is from an
acceptable level, an appropriate target is needed. The
proposed equation compares the distances between an

exemplar and the indicator values in the current and previous
generations. In order to enhance sustainability, the visions
and goals are generally set with desired long-term ideal
targets. However, an ideal target is frequently hard to achieve
within one generation, especially when the environment
inherited from previous generation is not good. In addition,
the status of the environment changes dynamically between
generations, and a fixed target is thus not appropriate for
evaluating the inter-generational equity. Therefore, this study
proposes an exemplar that is achievable in one generation as
the benchmark. The exemplar is the best indicator value in
current and previous generations. Once the exemplar has
been achieved, even if it is only achieved once during both
generations, it is a reasonable target.

In addition to setting an exemplar for establishing Eq. (3),
this study also proposed an endowment equation to
facilitate the assessment of assessing inter-generational
equity. The endowment rate determined by the proposed
equation can help the decision maker set a target rate for
improving inter-generational equity. The endowment equa-
tion was developed based on the inheritance relationship
between generations and the impact of current human
activity on the next generation. The proposed equation is
formulated as follows:

T—Gp=(T—Gc) (1+e)" (@)

where e is the endowment rate for an indicator; and N is the
number of years in a generation, i.e. 10 in the present study.

For pursuing inter-generational equity, the current gen-
eration has the obligation not to deteriorate the environment
inherited from the last generation and pass it on in good shape
to the next generation (Tobin, 1974). The proposed endow-
ment equation compares the indicator values in the current
and the previous generations to evaluate whether the current
generation leaves a better environment to the next generation.
For expressing the extent of inter-generational equity, the
endowment rate indicates the temporal change which is
either improving or worsening the inter-generational equity.
According to the endowment rate, the decision maker can set
a reasonable annual improvement rate to enhance the
sustainability. Furthermore, while a desired target is pre-
specified for the next generations, the endowment equation
can be used to determine the minimally acceptable endow-
ment rates that should be achieved in the next generations.
Based on Eg. (4), the endowment rate for a specific target can
be computed by the following equation:

T - Gp]™N
e:[T—Gc] ot Gl

When the endowment rate is smaller than zero, it indicates
that the environment left to the next generation is not as good
as that inherited from the previous generation and is a
negative inter-generational equity. On the other hand, if the
endowment rate is positive, it implies that the current
generation improved or recovered the environment inherited
from the previous generation, and is a positive inter-genera-
tional equity. The endowment rate can be used to express the
extent of inter-generational equity.
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Fig. 1 - Annual value of loss due to climate disasters.

4. Global warming inter-generational equity
index

In past few decades, the CO, emission from human activities
has significantly increased, and the problem of global
warming has become an important issue. Because CO, and
other greenhouse gases can stay in the atmosphere for a long
time, the CO, emitted in the previous generation often
influences the current generation, and the CO, emitted in
the current generation also influences future generations
(MacLean, 1992). For assessing the inter-generational equity
for global warming and to demonstrate the application of the
proposed endowment equation, this study developed a global
warming inter-generational equity index (GW-IGEI).

Since there are multiple sub-indexes related to the issue of
global warming, the PSR (OECD, 2003) framework is applied to
explain the cause-effect relationships among the sub-indexes.
The amount of CO, (or e CO,) emission is the major factor in
global warming (IPCC, 2007b; Donnelly et al., 2004). It is
therefore regarded as the pressure sub-index that represents
the impact from human activities on the environment. The
CO, emission in the current generation will impact on the next
generation and is thus an essential sub-index for reflecting the
inter-generational equity for global warming.

The state sub-index of the PSR framework should relate
directly to the generation impact for assessing the inter-
generational equity. Increasing CO, emissions can speed up
global warming and is likely to worsen climate disasters (IPCC,
2007a,b). For evaluating the impact of climate disasters, the
losses from climate disasters are adopted. The loss due to
climate disasters, as illustrated in Fig. 1, has obviously been
getting worse inrecent generations, and is a significant problem
for inter-generational equity. Therefore, this study selected the
loss due to climate disasters to be the state sub-index.

Forests play an important role in mitigating global warming
by absorbing and stocking CO, (Marland et al., 2003; Kauppi,
2003). Furthermore, according to IPCC (2007b), deforestation is
the second largest greenhouse gases emission source, and
afforestation and reforestation are effective strategies to
reduce CO, emissions (Kindermann et al., 2008; Myneni
et al., 2001). Therefore, the size of the forest area can be
regarded as the response sub-index. There are other sub-
indexes such as renewable electric power generation, world

total energy consumption, or fossil fuel consumption that are
also related to the development of the GW-IGEI. However, not
enough data is currently available for some of them. In
addition, too many sub-indexes would make the assessment
of the inter-generational equity too complicated in this initial
study stage and subsequently make it difficult to demonstrate
the applicability of the proposed endowment equation.
Therefore the GW-IGEI developed in this paper is evaluated
based on the three sub-indexes only.

The annual values of CO, emission, losses from climate
disasters, and the size of the forest areas were collected from the
World Development Indicators database (World Bank, 2007),
Emergency Disasters Database (CRED, 2007), and FAOSTAT
(FAO, 2007), respectively. The proposed endowment equation
was applied to compute the endowment rates of the three sub-
indexes, and the endowment rates of the three sub-indexes was
used to assess the change of inter-generational equity.

5. Discussion

For assessing the inter-generational equity of global warming
the proposed endowment rates of the three sub-indexes, CO,
emission, loss due to climate disasters, and the size of the
forest area, were determined. They are illustrated in Figs. 24,
respectively. These figures show the average values of the
three sub-indexes in the current and the previous generations,
with the bar charts indicating the endowment rates.

5.1. CO, emission

Fig. 2 shows that because the CO, emissions increase
continuously in all generations relative to the previous
generation, the endowment rates are all negative. This
negative endowment rate indicates that all generations
passed on more CO, to their next generations than they
inherited from their previous generations, and therefore this
implies a negative inter-generational equity.

Since the inter-generational equity should consider the
inheritance relationship between current and previous gen-
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Fig. 2 - The generation endowment rate, average, and
exemplar for CO, emission.
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erations, the changing trend of CO, emission endowment
rates may not be consistent with the increasing trend of CO,
emissions. For example, the trend of generation averages for
current and previous generations keeps increasing, but the
endowment rates for the generations from 1971-1980 to 1978-
1987 are improved. In these generations, the increase of CO,
emission for the current generation was less than the increase
observed in the previous generation. Therefore, several such
endowment rates were improved.

The worst endowment rate was —16%, for the generation
during 1989-1997. For inter-generational equity, a generation
should at least reduce its CO, emission to the level emitted by
the previous generation. Therefore, the generation of 1998-
2007 is expected to reduce its annual CO, emissions by about
16% for achieving this goal.

5.2. Loss due to climate disasters

In this study, the loss due to climate disasters includes the loss
from floods, wind storms, extreme temperatures, and
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Fig. 4 - The generation endowment rate, average, and
exemplar for the size of forest area.

drought. The endowment rates for loss due to climate
disasters are shown in Fig. 3. The average for the current
generations is worse than that from previous generations and
clearly indicates an unequal pattern among generations. The
endowment rates in all generations are thus all negative also.

Since the loss averages rose significantly during the 1982-
1991 generation, the endowment rates afterwards were all
worse than those before. The worst endowment rate, —19.1%,
was for the generation of 1982-1991. As shown in Fig. 1, since
the annual values before 1982 do not vary much and are not
significantly high, the exemplar is close to the generation
average, and thus the difference between the average and the
exemplar is not large. However, the loss became serious after
the 1982-1991 generation and subsequently made the endow-
ment rate worse. This also shows that the 1982-1991
generation is the critical generation that significantly deterio-
rated the inter-generation equity.

5.3. Forest area

The endowment rates and the generation averages of the
forests are shown in Fig. 4. The annual size of the forests for
the purpose of calculating the generation average was
collected from FAOSTAT (FAO, 2007) and Global Forest
Resources Assessment (FAO, 2006). However, the annual sizes
of the forests from 1995 to 1999 are not available and therefore
values were interpolated from available data of other years.

As shown in Fig. 4, the average sizes of the forest areas in
both current and previous generations for the generations
from 1971-1980 to 1982-1991 are getting close, and the
endowment rates in these generations had thus also gradually
improved. Since the average for the 1982-1991 generation was
larger than for its previous generation, the associated
endowment rate is positive, showing an improvement in
inter-generational equity. It indicates that the 1982-1992
generation increased the forest inherited from its previous
generation and that it left more forest areas to the next
generation. Unfortunately, this positive inter-generational
equity was observed for 1 year only, and the endowment
rates have become increasingly worse since 1992. As per the
principle by Vojnovic (1995), to assure inter-generational
equity for renewable resources, the consumption rate should
not exceed the regeneration rate. However, as illustrated in
Fig. 4, the sizes of the forests have steadily deteriorated in
recent generations, with the amount of deterioration being
quite significant. It is imperative that an effective strategy is
implemented to stop this deforestation trend.

6. Conclusion

This study proposed a method for establishing an index for
assessing inter-generational equity. Since a typical environ-
mental index can not properly represent the inter-genera-
tional equity, this study developed an endowment equation
and an endowment rate determined by the proposed equation
based on an achievable exemplar to evaluate the inheritance
change between previous and current generations.

Global warming is probably one of the most critical issues to
assess for inter-generational equity. The proposed method
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demonstrated the establishment of a global warming inter-
generational index. This study applied the PSR framework
(OECD, 2003) to explain the cause-effect relationships among
the three sub-indexes of CO, emissions, losses from climate
disasters, and the size of the forest areas, corresponding to
Pressure, State, and Response, respectively. The endowment
rates of the three sub-indexes were determined by the
endowment equation to illustrate the status of inter-genera-
tional equity for global warming. Because the pressure sub-
index of CO, emissions keeps increasing, all the endowment
rates for the CO, emissions from the 1971-1980 to 1991-2000
generations indicate negative inter-generation equity. Due to
the pressure of the steadily increasing CO, emissions, the
endowment rates of the state sub-index of the losses from
climate disasters after the 1982-1991 generation are signifi-
cantly worse than those before the 1982-1991 generation. The
endowment rate of the size of the forest area is only positive in
the generation during 1982-1991 and keeps decreasing in other
periods. If the forest size is significantly recovered it is expected
to be able to stop the pressure and the state sub-indexes from
getting worse. According to the endowment rates determined
by the proposed endowment equation, the inter-generation
equity for global warming is obviously negative and must be
remedied as soon as possible. Apart from the global warming
issue, our proposed method is also expected to be applicable for
establishing other inter-generation equity indexes, although
further studies are necessary to demonstrate this applicability.
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