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ABSTRACT

The present study made an attempt to track the population growth pattern of different economic group
country’s categorized by World Bank. Growth of population was calculated using semi-log quadratic function
model, while descriptive statistics was used for inequality estimation. Data were collected from Global
Footprint Network and World Bank during 1961-2016. Results from this study proved that per capita
consumption has increased manifold of population belonging to the high income countries, while their
population growth rate has declined during 1961-2016. Further, differential results were reported for middle
income and lower middle income group countries, while results of low income group countries presented
deteriorating picture over the study period i.e., 1961-2016. Study suggested that there is an urgent need of
resource transfer to the emerging economies, so that they can reduce their ecological footprint
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Introduction

Resource utilization and consumption is rudimen-
tary for the existence of human life on earth. The
human economy is heavily dependent on nature
and its resources. Human beings, however, have
failed to use resources sustainably, in the race for
economic growth. Ecological footprint has already
exceeded the carrying capacity of the earth (Rees,
2002). Intergovernmental Panel on Climate Change
(IPCC, 2012) regards anthropogenic factors as the
prime cause of the over-exploitation of nature, re-
sulting into climate variability and change (IPCC,
2013; Singh, 2020a). Also, the nature of this exploi-
tation has been very unequal in terms of its cause
and impact. While highly industrialized developed
economies have consumed much more than their
share in the earth’s resources, it is the people living
in the low and middle income countries, yet strug-

gling to earn a decent living standard, who are bear-
ing its worst impacts (IPCC, 2012).

Ecological footprint has been used as an indicator
of sustainability because it measures human de-
mand on the earth’s natural resources (Wackernagel
and Rees, 1996). Despite certain limitations such as
being a static analysis, ignoring underground re-
sources, not providing policy prescriptions, and so
on, ecological footprint is a potential and unambigu-
ous measure of humanity’s over-consumption of
earth’s biological capacity (Moffatt, 2000; York et al.,
2009; Wiedmann and Barrett, 2010). Ecological foot-
print can also help to extend the present
sustainability debate beyond the climate change is-
sue as it indicates human demand on a wide range
of natural resources and ecosystem services (Galli et
al., 2011). When the Ecological Footprint value ex-
ceeds the bio-capacity, a bio-capacity deficit or over-
shoot situation occurs, conversely, the bio-capacity
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reserve occurs when the ecological footprint is
lower than the bio-capacity.

The present study made an attempt to examine
the inequality in the natural resource consumption
using World Bank and Global Footprint data, and
how inadequate access of natural resources leads to
weak sustainability in the most and less polluter
countries.

Paper is organized into four Sections. Section 1
gives brief introduction along with objectives of the
study. Methods and materials were discussed in
Section 2, while results and discussion are made in
Section 3. Finally concluding remarks made in the
Section 4.

Materials and Methods

Data Sources

Study uses World Bank and Global Footprint Net-
work data of 160 countries over 1961-2016. Based on
the Per Capital Gross National Income (PCGNI),
countries has been divided into four income groups,
viz., High Income Group (PCGNI> $12,375), Upper
Middle Income Group (PCGNI between $3,996 to
$12,375), Lower Middle Income Group (PCGNI be-
tween $1,026 to $3,995), and Low Income Group
(PCGNI <$1,025). Due to inadequate availability of
long-series data, this study covers only 160 out of
213 countries.  Out of 160 countries, 50 countries
belong to high income group, 42 countries belong to
upper middle income group, 40 countries belong to
lower middle income group, and 28 countries be-
long to low income group countries. Our data is
representable for 95% of the global population.

Estimation Method

Trends of ecological footprint and population were
examined using trends analysis method. Com-
pound Annual Growth Rate (CAGR) of population

and ecological footprint was calculated using Semi-
log quadratic regression model as follows.

Yt = Y0 (1+r)t .. (1)

Where r is the compound (i.e., over time) rate of
growth of Y. taking the natural equation 1, we can
write

lnYt = logY0 + t ln(1 + r) .. (2)

Now letting

B1 = lnY0 .. (3)

B2 = ln(1 + r) .. (4)
We can write equation (2) as

lnYt = 1 + 2T .. (5)

Adding this disturbance term to equation (5), we
obtain

lnYt = 1 + 2T + Ut .. (6)

Model looks like, equation 6 is called semi
regressand, appears in the logarithmic form. De-
scriptive statistics were also used to analyze the
data.

Results and Discussion

CAGR of Population and Ecological Footprint

Theoretically it is assumed that, there is an inverse
relationship between bio-capacity and ecological
footprint in the context of sustainable development.
It suggested that a per capita ecological footprint
below the globally available per capita bio-capacity
is the minimum requirement for sustainable devel-
opment (Moran et al., 2008). Higher bio-capacity
leads to higher availability of natural resources that
leads to lower ecological footprint. Global Footprint
Network findings show that bio-capacity has de-
clined from 3.12 to 1.63 global per capita hectare
(Gha) during 1961- 2016, while per capita ecological

Table 1. CAGRof Population

Period High income Upper middle Lower middle Low income
countries (%)  income countries (%)  income countries (%) countries (%)

1961-70 1.07 2.33 2.32 2.38
1971-80 0.86 1.80 2.36 2.53
1981-90 0.69 1.63 2.33 2.62
1991-2000 0.70 1.10 1.93 2.87
2001-10 0.74 0.74 1.62 2.85
2011-16 0.60 0.78 1.47 2.56

Source: Estimated from World Bank population data, 2019
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footprint (PCEF) has increased from 2.28 to 2.75 Gha
during the same period (Global Footprint Network,
2019). Further, population growth data (CAGR) for
different income groups countries show that popu-
lation growth rate has declined substantially in the
high income group countries, while population
growth rate has increased in low income countries.
Calculated CAGR trends for high income group
countries show that CAGR was 1.07% per annum
during 1961-70 and has reported 0.60% per annum
in 2011-16. On the other hand, population growth
rate in low income countries was 2.28% per annum
during 1961-70 which was reported by 2.85% per
annum during 2001-10. Though marginal decline in
population growth of low income countries was re-
ported during 2011-16.

 Trends of population, ecological footprint and
Bio-capacity shows that population is marginally
increasing, while ecological footprint is substan-

tially increasing over the period. On the other hand
bio-capacity in declining over the period (Fig. 1). It
state that global production system is on unsustain-
able path which would result in severe natural di-
sasters in near future.

Nexus between Population and Ecological
Footprint

Table 2 highlights the relationship between popula-
tion and ecological footprint. Results from table 2
show that in 1992, about 19% of the population liv-
ing in high income group (HIG) countries was con-
suming >46% of global natural resources, while
population living in low income countries (LIG)
(nearly 6%) was using only 2.54% of global natural
resources. Due to demographic transition, popula-
tion in all income groupcountries has been declining
in the preceding years, but still ecological footprint
is relatively higher in the HIG countries as com-

Table 2. Income Group wise Share of Ecological Footprint and Population

Year Share(%) High income Upper middle Lower middle Low income
countries  income countries  income countries countries

1992 Population 18.71 39.24 36.40 5.65
Ecological Footprint 46.48 35.89 15.09 2.54

2002 Population 17.36 37.71 38.52 6.42
Ecological Footprint 45.40 36.06 15.94 2.60

2010 Population 16.72 36.29 39.76 7.23
Ecological Footprint 37.68 42.24 17.43 2.64

2016 Population share 16.16 35.47 40.55 7.82
Ecological Footprint 34.30 43.70 19.38 2.63

Source: Estimated from World Bank population data and Global Footprint Network, 2019

Fig. 1. Trends of Population, Ecological Footprint and Bio-capacity
Source: Global Footprint Network, 2019
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pared with LIG countries. In 1992, the population
share of Upper Middle Income (UMI) countries was
39.24% in the global population and they were us-
ing 35.89% of global resource base, which is rela-
tively lower from HIG countries. Though marginal
decline in population share of UMI countries was
reported, while ecological footprint has substan-
tially increased in 2016. It was found that popula-
tion share belonging to the UMI countries has de-
clined by about 5%, while ecological footprint share
has increased by 8%. Similarly, population belong-
ing to the lower middle income (LMI) countries
have relatively higher ecological footprint com-
pared with (LIG) countries. In 1992, about 37% of
population of LMI countries population were using
about 15% of natural resource base, which has in-
creased to >19% in 2016 for 40% of the population.

Status of Ecological Sustainability

Table 3 highlights that overall ecological
sustainability of the various economic groups as
classified by World Bank. As far as per capita eco-
logical footprint in concern, it was found that coun-
tries belonging to the High Income group (HIG)
have relatively higher ecological footprint com-
pared with low income countries over the study
period. Further, comparison of bio-capacity be-
tween HIG countries and LIG countries also shows
wide difference over the period of time. On the con-
trary, differential results of ecological footprint and
bio-capacity shows that the rate of natural resource
utilization is relatively higher from the rate of re-
source re-generation in countries belonging to the
high income group. It was reported from the Table

3 that in 1992, the average per capita bio-capacity of
high income group countries was 3.78, while their
ecological footprint was 5.98. It means they are
over-utilizing their natural resources. Similar statis-
tics were also observed in 2016 for high income
group countries. Furthermore, rest of the groups are
in the path of sustainable development. Their re-
source utilization rate is relatively lower than their
bio-capacity over the period.

Conclusion and Policy Recommentations

The study successfully concludes that there has
been wide inequality around the world in terms of
natural resource consumption. It also brings out the
fact that our growth process has not been sustain-
able. Most of the countries belonging to the high
income groups are utilizing natural resource be-
yond the bio-capacity. Results from this study
proved that per capita consumption has increased
manifold of population belonging to the high in-
come countries, while their population growth rate
has declined during 1961-2016. Further, differential
results were reported for upper middle income and
lower middle income group countries, while results
of lower income group countries presented deterio-
rating picture over the study period i.e., 1961-2016.
Now policy question is that whether we categori-
cally impose environmental tax on the high income
countries? Answer is not so simple, we should also
look to the Upper Middle Income group resource
consumption pattern. Our study finds that countries
belongings to the upper middle income groups and
lower middle income groups are rapidly using their

Table 3. Income Group wise Status of Ecological Sustainability

Year Average Per Capita High income Upper middle Lower middle Low income
countries income countries income countries countries

1992 Ecological Footprint 5.98 2.41 1.60 1.18
Bio-Capacity 3.78 4.93 2.73 1.83
Difference -2.20 2.52 1.13 0.65

2002 Ecological Footprint 6.59 2.65 1.69 1.14
Bio-Capacity 3.58 4.67 2.43 1.55
Difference -3.02 2.02 0.74 0.41

2010 Ecological Footprint 6.20 2.84 1.76 1.12
Bio-Capacity 3.36 4.44 2.23 1.38
Difference -2.85 1.60 0.47 0.26

2016 Ecological Footprint 5.73 2.77 1.86 1.06
Bio-Capacity 3.28 4.19 2.07 1.26
Difference -2.45 1.42 0.20 0.20

Source: Estimated from Global Footprint Network, 2019. Note: values are in Global Hectares
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natural resources and in the near future their eco-
logical footprint would outreach the ecological foot-
print of countries belonging to the high income
groups. It is well documented that deterioration of
natural resources leads to the abrupt changes in the
ecosystem, i.e. climate change. Hence, it is expected
that countries belonging to the low income group
which are less contributor will have to pay much
higher cost (Srivastava and Sanatan, 2021). They are
having relatively lower bio-capacity with highest
poverty and unemployment rate.

As far policy recommendations are concerned,
world needs a holistic approach as adopted in the
Paris Agreement on climate change. There is urgent
need of resource transfer to the emerging econo-
mies, so that they can reduce their ecological foot-
print. The present study confirmed that ecological
footprint of upper middle income group countries
and middle income group countries is still lower,
while their per capita income is rapidly increasing,
it means that in near future, their ecological foot-
print would increase. Further, majority of energy
demand is met from non-renewable resources.
Hence, if we develop and harvest the flow of renew-
able energy sources across nations it will help in re-
duction in the multiple emission driven process of
fossil fuel and also enhanced the system’s bio-capac-
ity. Finally, policymakers should carefully design
their path of economic development and capital ac-
cumulation to consider the sustainability of their
production.  Ecological Sustainability covers multi-
dimensional aspects of livelihood security, and
present study just examined the trends of global
ecological foot prints with limited data. For future
research, it perquisites for the assessment of the re-
gional dimensions of ecological sustainability.
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