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ABSTRACT
Degradation of the global environment is occurring at an alarming rate. It is feared by many
that the current path of economic development is unsustainable. In this paper, worldwide
panel data is explored to develop a model that can be used to find characteristics that are
associated with a nation’s ecological impact, as measured by Ecological Footprint
Accounting. Through panel regression in SAS®, several factors are found that are
associated with a reduction in Ecological Footprint among OECD countries after controlling
for GDP and population size. These findings point to general policy objectives that can be
used by industrialized and industrializing countries to reduce their ecological impact.

INTRODUCTION
Scientists agree that mankind has impacted Earth in profound and, in some cases,
irreversible ways. One way to measure humanity's ecological impact is Ecological Footprint
and Biocapacity Accounting. The Global Footprint Network measures biocapacity by tracking
how much biologically productive land is available to a nation to provide the resources its
population consumes and to absorb its wastes. It measures Ecological Footprint by
measuring how much land is needed to provide for the population of that nation and their
demands. These demands include, among others, agricultural space, absorption of carbon
dioxide emissions, and accommodating built infrastructure ("Data and Methodology" 2019).
These accounts are measured in standardized units called "Global Hectares" and compared
across nations. By subtracting biocapacity from footprint, it can be shown whether a nation,
or the world as a whole, is using more or fewer natural resources than are available. This
net footprint has been increasing globally for decades:

1 This is only a brief introduction to The Global Footprint Network's Footprint and Biocapacity Accounting. The full
methodology can be found at https://www.footprintnetwork.org
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In other words, humanity is consuming the Earth’s natural resources faster than they can be
replenished, and that overshoot continues to increase. Due to this, many people believe
that the current trend is unsustainable.
Biocapacity, as measured here, is very stable over time with only small changes, mostly due
to methodological changes in how it is measured. Ecological footprint on the other hand, is a
direct result of human activity. This means that footprint can be influenced by government
and industry policies. If nations around the globe can find ways to reduce that Ecological
Footprint, then it would be possible to begin to close the gap between global ecological
impact and the ability of the Earth to absorb that impact.
The goal of this research is to find ways through which nations can decrease their Ecological
Footprint. This paper aims to do so by examining time series data across many countries to
find factors that are associated with changes in Ecological Footprint. These factors can then
be used as the basis for policy changes that can contribute to reductions in ecological
impact.

DATA
The dataset used for this analysis came from two main sources. The first, Global Footprint
Network (https://www.footprintnetwork.org/), contained Ecological Footprint and
biocapacity data for countries from 1961-2016. The second, the World Bank
(https://data.worldbank.org/) contained various economic indicators for all nations from
1960-2016. Both sets of data are available from the websites of the two organizations for
public use.

DATA PREPARATION
The two data sets needed to be combined into one master data set for the purpose of this
research. The creation of the master data set involved several data cleaning steps:
First, the datasets had to be transposed into a format that was appropriate for time-series
analysis. In the original data, each year was a separate column with each row
corresponding to a single measurement across all of the years. Using PROC TRANSPOSE,
the datasets were transposed so that each column was a variable and each row was an
individual record. "Country Name" and "Year" columns uniquely identify each observation.
Once the format was consistent across datasets, they were merged, using the "Country
Name" and "Year" columns as keys to combine each row.
The full master dataset contains 10,755 rows and 153 columns. However, the master
dataset also contained large amounts of missing data. Much of the missing data was for
years before 1995, so only the data for years 1995 to 2015 was considered for the purpose
of analysis in this research. The dataset was also filtered to only contain countries from the
Organization for Economic Cooperation and Development (OECD). The OECD is an
intergovernmental economic organization founded in 1961 to stimulate economic progress
and world trade. The OECD countries tend to be more economically developed and have a
more complete set of independent variables to use. Another consideration is that countries
with a high level of economic development tend to also have a greater ecological impact and
thus have a greater capacity to lower their Ecological Footprint. According to the
International Monetary Fund, the three dozen OECD countries account for over 60% of
nominal global Gross Domestic Product, also known as GDP (International Monetary Fund,
2019). After filtering, the master dataset used in the final model contained 1,914 rows.

ANALYSIS
TARGET VARIABLE
One significant driver of Ecological Footprint is economic development. For example, it is
hard to imagine that subsistence farming could be more damaging to the environment than
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a factory. Indeed, the dataset bears this out. When considering all countries across all years
in the full dataset, there is a strong correlation between Ecological Footprint and GDP (R2 =
0.969). The other significant driver of Ecological Footprint is population. Again, it is intuitive
that, all else equal, a larger population will put a larger strain on local natural resources
than a smaller one. This, too, is borne out in the data, and the correlation is even stronger
than GDP (R2 = 0.979). Even when only looking at the OECD countries, there is still a very
strong relationship between total Ecological Footprint with GDP (R2 = 0.925) and population
(R2 = 0.940). Of course, it is theoretically possible to reverse GDP and population growth,
but in a practical sense, the authors do not believe it is feasible or desirable to do so. In
addition, these two factors share a large amount of covariance with many, if not all, other
indicators. To control for these relationships, the authors chose to shift their target from
total Ecological Footprint to a derived variable: Ecological Footprint per $1000 of GDP. Using
per capita measures to create the variable also reduced the impact of total population.
Ecological Footprint per GDP, or EFperGDP, is derived as follows:
𝐸𝑐𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝐹𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡 𝑝𝑒𝑟 𝐺𝐷𝑃 =

𝐹𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡 𝑝𝑒𝑟 𝐶𝑎𝑝𝑖𝑡𝑎
∗ 1000
𝐺𝐷𝑃 𝑝𝑒𝑟 𝐶𝑎𝑝𝑖𝑡𝑎

EFperGDP should make it possible to find factors that drive reductions in Ecological
Footprint, independent of changes in GDP or Population. EFperGDP for all OECD countries is
shown in Table 2 (and visualized in Figure 1) in the appendix.

MODELING
The final dataset is panel data because it contains both cross-sectional and time series data.
Panel data can be modelled using Panel Regression, which can control for unobserved
variables that might cause variation between groups (countries in this case) and over time.
By using panel data, one can look at how each individual country's Ecological Footprint
varied over time, and find those variables that are consistently associated with a specific
change in EFperGDP.
Variables were selected for modelling from four main sources: Existing literature, intuition,
correlation analysis, and traditional multiple regression performed across a single year.
After choosing candidate variables, the next step was to perform multiple panel regressions
to find which variables were significant, and to discover which variables were redundant.
Many of the variables were highly correlated with one another, so variable redundancy
became an important factor in selecting variables for the final model. Due to limitations in
data availability, a few nations were removed for the following analysis, which brought the
total number of OECD countries in the analysis to 31. See Table 3 (in the Appendix) for full
descriptions of the selected variables.
For the panel regression there are two main types of models: Random Effects models and
Fixed Effects models. When modelling the data with a Random Effects model, the Hausman
test is significant, which signifies that the unobserved variables are correlated with the
observed variables. This means that the Fixed Effects model is preferred, as it can control
for those unobserved factors, which allows the effect of the selected variables to be
measured independent of those that are not in the model. Within the Fixed Effects model,
the F Test for No Fixed Effects is significant, which signals that at least some of the variation
within EF Per GDP can be attributed to the unobserved variables that are not in the model.
This led to the final model choice of a two-way fixed effects model that controls for the
aforementioned unobserved variation, which occurs over time and between countries.

RESULTS
Table 1 below shows the parameter estimates and significance of each variable within the
final panel regression. The first six variables were significant, and can be placed into three
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categories. The first is population dynamics, which in this case includes population growth
and percentage of the population residing in cities. Both of these factors, as expected, have
a positive relationship with EF per GDP. Both of these factors are difficult to control or
reduce in any practical sense. The second group is general societal health, education, and
happiness, here measured by life expectancy, homicide rate, and education spending. While
panel regression makes no assumption of causality, it is especially difficult to judge if these
variables can be used as drivers for improving EFperGDP, considering the possible
correlations with unobserved variables. The authors believe that this may also be a case of
reverse causation where a population may become healthier and happier because the
country has a lower Ecological Footprint. This is an area that should be explored further,
although it is beyond the scope of this paper. The third group, consisting of one variable is,
energy efficiency. Energy efficiency was significant in every iteration of the model, and
stands apart from the variables in the first two groups because it is more easily influenced
by public policy, while also having a straightforward causal link with Ecological Footprint.

Table 1 - Model Estimates
Unlike the first six factors, the electricity production variables were not all significant. In
fact, only Electricity Production from Nuclear was significant. The percentage of electricity
production derived from coal, hydro, or renewables were not found to be significantly
associated with EFperGDP. It is notable that Electricity Production from Renewable Sources
was not associated with a smaller EF per GDP. Ecological Footprint Accounting considers
more than just emissions, and it is possible that some forms of renewable energy have a
significant impact on the environment in other ways besides emissions. This is just one of
many possibilities for this result. It should be noted, however, that while this analysis did
not find a significant relationship between renewable electricity production and EFPerGDP,
that does not mean that renewable electricity production is not a worthwhile endeavor. It
does suggest, though, that renewable electricity production alone may not be enough to
significantly reduce Ecological Footprint.

GENERALIZATIONS
One reason this paper focused on OECD countries is because of the outsized ecological
impact of industrialized nations. With the rest of the world industrializing as well, the global
ecological burden is only going to increase. As an example, if all nations on Earth consumed
at the same rate as the industrialized countries, then it is estimated that the equivalent of
three Earths would be needed to absorb humanity's Ecological Footprint ("Sustainable
Consumption and Production") which is nearly double our current global footprint. It is
important for all nations to monitor their footprint and look for ways to reduce their
ecological impact. This analysis can be applied to any industrialized or industrializing
country as a list of places to look for possible reductions in Ecological Footprint.
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FUTURE STUDIES
Perhaps the most important opportunity for further research in this space is to find
instances where specific policy initiatives have been put in place that increased energy
efficiency or moved electricity production to nuclear. Investigating and quantifying the
impact of such policies on Ecological Footprint could validate our results. Additionally, by
studying when the policy went into effect, the time it took to make a tangible impact, and
the significance of that impact, future researchers could pinpoint which policies are
successful in reducing ecological impact. The feasibility of our suggestions could also be
explored through cost-benefit analysis of those and other policies. Finally, inconsistent and
missing data were also significant issues in this dataset. Further studies would benefit from
more complete and uniform data.

CONCLUSION
While Ecological Footprint Accounting is not perfect, it does provide a powerful method to
measure humanity's national and global impact on the Earth. This paper shows that there
are specific factors associated with decreases in Ecological Footprint, independent of GDP or
population size. The analysis finds that energy efficiency and increasing the use of nuclear
electricity production are two effective ways to reduce national Ecological Footprint. By
focusing government and industry efforts on increasing energy efficiency and expanding the
role of nuclear energy, this analysis concludes that nations around the world can reduce
their individual Ecological Footprint. By doing so, they would be contributing to a global
reduction in humanity's ecological impact, benefiting all generations, present and future.
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APPENDIX

Figure 1 - Map showing 2016 EFperGDP for all OECD countries

Table 2 – 2016 Footprint per $1000 GDP - All OECD Countries
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Table 3 - Description of Selected Variables

Table 4 - Panel Regression Results (Two-Way Fixed Effects)
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