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Abstract 

The aim of this paper is to research the ecological deficit of 34 OECD countries from 

1964 to 2013. Ecological deficit measures the environmental sustainability of human 

consumption. Ecological Footprint, which has been studied more extensively, measures 

human impact on the environment. Real GDP, population density, education, the 

dependency ratio and urbanization are found to have significant effects on ecological 

deficit. The same factors affect Ecological Footprint, with the exception of population 

density. When one analyses the relationship between human activity and the 

environment, focusing solely on the Ecological Footprint may cause some determinants 

of environmental sustainability to be overlooked. Ecological deficit needs to be 

considered as well. Perhaps the most remarkable results found are the positive effects 

on the environment of education and of an increased dependency ratio. Education may 

stimulate awareness of environmental issues and encourage an intention to improve 

things. This indicates that education is important not only to human well-being but also 

to the environment. As the dependency ratio of a nation increases, relatively more 

inhabitants are children or senior citizens; they consume less than the average adult 

which decreases demand on the environment. This suggests that the ageing population 

of developed nations in recent years might be good for the environment. A country 

comparison of the OECD nations reveals that Canada, Australia and Belgium are the 

most environmentally sustainable countries when influential factors are held constant. 

France seems to be the most environmentally friendly of the OECD’s largest economies. 
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1  Introduction 

Ecological Footprint measures human demand on the environment. Biocapacity 

measures nature’s capacity to meet people’s demands. Ecological deficit is constructed 

by deducting Ecological Footprint from biocapacity. It’s an account of sustainability; 

measuring whether human demand on the environment exceeds the ecological limits of 

nature. These are possibly the only environmental indicators for which extensive 

historical data is available. 

Since its introduction in 1992, the Ecological Footprint has been widely used to study 

the connection between human activity and the environment. It has been used to 

research the environmental Kuznets curve (Asici & Acar, 2016), (Bagliani, Bravo, & 

Dalmazzone, 2008), (Charfeddine & Mrabet, 2017). Dietz et al. (2007) studied its 

principal drivers. The Ecological Footprint has also received its share of general criticism 

and suggestions for refinement (Galli, et al., 2016), (Lenzen, Hansson, & Bond, 2007). 

Ecological deficit has been less studied.  

In regression analyses of Ecological Footprint, biocapacity has sometimes appeared 

as an independent variable. In this paper, sustainability will be examined by a study of 

ecological deficit. Biocapacity will therefore be included in the dependent variable in 

regression models, as an ecological deficit is constructed by deducting Ecological 

Footprint from biocapacity. Sustainability is the ultimate object of environmental 

protection; therefore evaluating its driving factors should be of great interest.  

This study investigates only the OECD1 and therefore applies to developed countries. 

In many other researches on human impact on the environment, developed and 

developing countries have been studied together (Bagliani, Bravo, & Dalmazzone, 2008), 

(Dietz, Rosa, & York, 2007). Models using data from both categories may be exhibiting 

differences between rich and poor countries rather than the actual driving forces 

affecting the environment. The main drivers could be substantially different in 

developed and developing countries (Toth & Szigeti, 2016). By narrowing the analysis to 

                                                      

1 The Organisation for Economic Co-operation and Development. 
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the OECD, I hope to pinpoint the reality facing relatively rich countries. The fixed effects 

model assigns separate constants to each nation, which gives the opportunity to 

compare countries after the independent variables have been accounted for.  

Most regression analyses in the field have also been on a per capita basis (Asici & 

Acar, 2016), (Bagliani, Bravo, & Dalmazzone, 2008), (Dietz, Rosa, & York, 2007). From a 

global point of view, absolute terms may be more appropriate. Ecological deficit per 

capita can of course be used to measure sustainability but might give misleading results. 

A negative ecological deficit per capita in the United States has more serious 

consequences than the same ecological deficit per capita in Iceland. As there are a 

thousand times more American than Icelandic citizens, the ecological deficit would be 

thousand times larger in the USA in absolute figures, with a concomitant impact on the 

environment. The present analysis studies ecological deficit and Ecological Footprint in 

absolute figures.   

The research questions of this paper are: What are the primary drivers of an 

ecological deficit? Does it matter whether you study ecological deficit or Ecological 

Footprint? When those factors are considered, what OECD countries are the most 

environmentally friendly?  
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2 About the data 

2.1 Ecological deficit 

The Global Footprint Network collects data on both Ecological Footprint and 

biocapacity, i.e. the demand and supply of nature (Global Footprint Network National 

Footprint Accounts, 2017 Edition, 2018). Ecological Footprint represents the demand 

side2. It measures how much biologically productive area is needed to produce the 

resources that people use and to absorb the waste generated in the process. Ecological 

Footprint is defined either as the area needed to support the consumption of a 

population, Ecological Footprint of consumption, or the area that is used within a 

geographical region, Ecological Footprint of production. The Ecological Footprint of 

consumption is used in this paper, otherwise nations could hide their true impact on the 

environment by relocating their Ecological Footprint. This can be brought about by 

producing environmentally friendly products at home while importing environmentally 

toxic products (Asici & Acar, 2016).  

Biocapacity measures the supply side3. It measures the ecosystems’ capacity to 

produce resources that people use and absorb waste. Ecological Footprint and 

biocapacity are adjusted according to the state of technology in a given year. For 

example, biocapacity might increase if new production methods are applied that 

increase the yield of current land use. The accounting unit for biocapacity, Ecological 

                                                      

2 The Ecological Footprint consists of six components; carbon footprint, forest products footprint, 

cropland footprint, grazing footprint, fish footprint and built-up land footprint. The Ecological Footprint of 

consumption equals the Ecological Footprint of production minus its exports plus its imports.  

3 Biocapacity is made of five components; forests, cropland, grazing land, built-up land and fishing 

grounds (marine and inland waters). The carbon footprint does not have a corresponding biocapacity 

component. Carbon uptake is measured, like forest products footprint, as demand on forest land 

(Borucke, et al., 2013). 
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footprint and ecological deficit is the global hectare (gha) or a biologically productive 

hectare, standardized for world average productivity each year4.  

If the Ecological Footprint exceeds the biocapacity of a nation, it is running an 

ecological deficit and living beyond its means with regard to what the region’s 

ecosystem can regenerate. An ecological reserve exists if biocapacity exceeds Ecological 

Footprint. Throughout this paper, the term “ecological deficit” will refer to the balance 

between biocapacity and Ecological Footprint; ecological deficits and ecological 

reserves. Calling it simply an “ecological balance” would be more appropriate. However, 

the present study employs the currently used term within the field. Most countries are 

running a deficit. 

An ecological deficit can be met by importing the ecological reserve of another 

country, by emitting carbon dioxide into the atmosphere or by depleting ecological 

assets, such as overfishing (Lin, et al., 2016). Globally, we are using 1.7 times more of 

nature’s resources than she can regenerate because of the rapid increase in Ecological 

Footprint. Biocapacity has been increasing as well but at a much slower rate. Ecological 

Footprint started exceeding biocapacity in 1970. Even if a ratio of 1.0 were achieved, it 

would amount to the bare minimum of environmental sustainability, and consider only 

human needs. World biocapacity is also needed by other forms of life and must be 

shared by all inhabitants of this planet. The evolution of biocapacity and Ecological 

Footprint since 1961 can be seen in Figure 1.  

 

 

 

 

 

 

 

                                                      

4 This accounting unit is needed because land types differ in biological productivity. The present 

analysis considers the data in terms of countries but the same technique (Ecological Footprint and 

biocapacity accounting) can be applied on a local or individual level. 
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As biocapacity measures the amount of biologically productive area available within 

a country, it should be closely related to its land area. Figure 2 shows the biocapacity of 

countries ranked by their land size. As Ecological Footprint is based on the consumption 

of nations, it should be closely related to their real GDP (consumption is a major 

component of GDP). Figure 3 shows the Ecological Footprint of countries ranked by 

their GDP. In Figure 4, the ecological deficit of countries is also shown by their ranking 

of GDP. One might suspect that ecological deficit is related to population density since 

biocapacity is related to land size and Ecological Footprint to GDP, which is affected by 

population size. In Figure 5 the ecological deficit of countries is shown by their ranking 

of population density. 

Figure 1. World overshoot of Ecological Footprint. Notes: this figure shows the evolution of Ecological 
Footprint and biocapacity since 1961. Global Ecological Footprint started exceeding biocapacity 
in 1970. In 2013, the Ecological Footprint was 1.7 times larger than biocapacity. (Global Footprint 
Network National Footprint Accounts, 2017 Edition, 2018). 
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Figure 2. Biocapacity and land size. Notes: this figure shows the biocapacity of countries in 2013 ranked 
by their land size from left to right. (Global Footprint Network National Footprint Accounts, 2017 
Edition, 2018), (United Nations, 2012). 

Figure 3. Ecological Footprint and GDP. Notes: this figure shows the Ecological Footprint of countries in 
2013 ranked by their real GDP from left to right. (Global Footprint Network National Footprint 
Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, & Timmer, 2015). 
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Figure 4. Ecological deficit and GDP. Notes: this figure shows the Ecological deficit of countries in 2013 
ranked by their real GDP from left to right. (Global Footprint Network National Footprint 
Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, & Timmer, 2015). 

Figure 5. Ecological deficit and population density. Notes: this figure shows the Ecological deficit of 
countries in 2013 ranked by their population density in 2013 from left to right. (Global Footprint 
Network National Footprint Accounts, 2017 Edition, 2018), (United Nations, 2017). 
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Although the Ecological Footprint and ecological deficit are similar their interpretation is 

different. The aim of the former must be to minimize the Ecological Footprint, or the 

impact of humans on nature. But to what extent? When is an Ecological Footprint 

considered large; when is it considered acceptable? Ecological deficit returns a negative 

figure when a country is running a deficit and a positive figure when it has ecological 

reserves and human lifestyle is sustainable in terms of the environment. 

The inclusion of biocapacity in the ecological deficit can also be important. To explain 

why, let us imagine two countries, Finland and Russia, both with large forested areas. 

Finland adopts a preservation policy while Russia increases wood exports. Neither policy 

has an impact on the Ecological Footprint of consumption5, unless the rising export 

income in Russia leads to increased consumption by its citizens. (The Ecological 

Footprint would nevertheless increase in the wood importing countries.) In comparison, 

the ecological deficit would worsen decidedly in Russia because of the depletion of 

biocapacity while it would remain unchanged in Finland.  

The ecological deficit might add dimensions which are not considered by the 

Ecological Footprint. The global externalities, negative and positive, of biocapacity are 

internalized when ecological deficit is considered. Large forests absorb carbon dioxide 

which is beneficial to all life on Earth and their depletion negatively affects all 

inhabitants of this planet. Ecological deficit, where biocapacity is accounted for, might 

capture these global effects better than the Ecological Footprint.  

2.2 Other data 

The Penn World Table 9.0 provided data on real GDP, human capital and population. 

The Penn World Table reports data on real GDP that is constant over time and across 

countries. This is a crucial element for country-based time series. The Penn World Table 

calculates real GDP both from the production side, measuring productive capacity, and 

the expenditure side, measuring consumer expenditure (Feenstra, Inklaar, & Timmer, 

2015). Not surprisingly, the expenditure side proved to be more appropriate for this 

study as the Ecological Footprint data is consumption based. In this thesis, GDP will 

                                                      

5 The export policy would have effects on the Ecological Footprint of production.   
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refer to the expenditure-based real GDP. The Penn World Table also reports a human 

capital index based on average years of schooling and returns to education6.  

Data on population density and the dependency ratio7 of countries was retrieved 

from the United Nations Statistics Division (United Nations, 2017). Data on urban 

population was collected from the World Bank, originally from the United Nations 

(United Nations, 2014). Other data that was examined but not used in the final model 

was on natural resource rents, collected from the World Bank (The World Bank, 2011), 

and energy use, retrieved from the World Bank but originally from EA Statistics 

(OECD/IEA, 2018).   

 

                                                      

6 The index is constructed by accumulating data from several studies which use different methods, as 

the method preferred has not been calculated for all countries in the Penn World Table. (Barro & Lee, 

1950-2010), (Caselli, 2005), (Cohen & Leker, Health and Education: Another Look with the Proper Data, 

2014), (Cohen & Soto, Growth and human capital: good data, good results, 2007), (De la Fuente & 

Doménech, 2006), (Psacharopoulos, 1994). 

7 The dependency ratio was constructed from annual population figures on age groups. 
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3 Relevant literature 

Ecological deficit has almost without exception been studied indirectly through research 

on the Ecological Footprint. Venetoulis and Talberth (2008) do make ecological deficit 

the main subject of their paper8. The purpose of their paper, however, is to explain 

what the ecological deficit measures and propose refinements to its computational 

procedure rather than to explore its driving factors. They criticize its failure to include 

open ocean and less productive lands such as deserts and glaciers. This is a valid 

argument, although it is not an issue in the present analysis where the sustainability 

within each nation is explored. The inclusion of open seas would not apply to any 

specific nation and therefore the outcome would not be affected9. Less productive lands 

do affect the countries in which they are situated but the effects might be indirectly 

included in the measurements of biocapacity. If a desert enlarges, productive lands 

within the country shrink. They also mention the failure to include accommodation for 

other species than ourselves. An ecological deficit of 0 is the sustainable minimum10, 

where human needs can be met sustainably without any consideration for other 

species. The addition of a sustainable space for other species (or decrease in biocapacity 

left for human demand) would certainly improve the quality of the ecological deficit as a 

measurement tool for sustainability. 

Perhaps the most alarming critique is the way that biodiversity is ignored. Replacing 

an ancient forest with more productive tree types might increase biocapacity while 

leading to a huge loss in plant and animal biodiversity. Preserving biodiversity is not only 

important for ethical reasons but for protection against soil erosion and for the future 

development of drugs. Furthermore, long-term biological productivity might be 

controlled by biodiversity. Lenzen et al. (2007) point out that ecological problems are 

                                                      

8 Venetoulis and Talberth (2008) refer to ecological deficit as EFA or ecological footprint analysis.  

9 The problems concerning open seas obtrude on an unrelated area. They involve issues with 

establishing property rights and international cooperation. 

10 Where biocapacity and Ecological Footprint are equal.  
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more often related to biodiversity and ecosystem condition than biological productivity. 

In the long run, consumption might be restricted by biodiversity and ecosystem health 

rather than biocapacity11. Despite criticism, the author believes there is no better 

sustainability measurement tool available (with adequate historical data) than the 

ecological deficit12. 

A main area of interest in environmental economic studies has been the connection 

between GDP and Ecological Footprint. Szigeti et al. (2017) show that the average world 

Ecological Footprint intensity has decreased from a 4.68 global m2, required to produce 

$1 in 1999, to 2.27 global m2 in 2009. This is a positive trend reflecting improvements in 

technology. Despite this, environmental load has increased by 12% over the same 

period because of population and GDP per capita increases. Though we may be using 

the environment more efficiently, we are still not nearly efficient enough to keep up 

with the consumption of the rapidly increasing world population. Toth and Szigeti 

(2016) analysed the correlation between GDP and Ecological Footprint since 10,000 BC. 

They find the main driver of environmental degradation to have changed, especially for 

developed economies. According to them, it used to be population growth but has in 

recent decades become consumption patterns multiplied by the number of consumers. 

Several researches have studied the driving forces of the Ecological Footprint. 

Apparently, this does not apply to the ecological deficit. A regression analysis was 

carried out by Dietz et al. (2007) that resembles the one presented here. There are 

three main differences: their analysis involved a single year, 2001, whereas the present 

study examines the years 1964-2013; the dependent variable of their model13 was 

Ecological Footprint rather than ecological deficit; and their data included both 

developed and undeveloped countries while this work focuses on developed countries. 

                                                      

11 Different views on the importance of biodiversity illustrate a difference in two schools of thought on 

the matter. Environmental Economics takes a more anthropologic view regarding human needs while 

Ecological Economics takes a more biocentric view. 

12 For further critiques, see Questioning the Ecological Footprint by Galli et al. (2016). 

13 The independent variables were: Population, GDP per capita, GDP per capita2, % of GDP not in the 

service sector, % of population in urban areas, % of population aged over 15, land area, temperate 

latitude, arctic latitude, education index, life expectancy index. 
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They found the principal drivers to be population size and GDP per capita; other drivers 

such as urbanization, economic structure and age distribution were discovered to have 

little effect. Their results showed the same to be true for education and life expectancy; 

hence they argued that these aspects of human well-being could be improved without 

negative impact on the environment. Their model could include variables that do not 

change over time, unlike the fixed effects models of this study14. According to their 

model, increased land per capita led to worse treatment of the environment, countries 

in the temperate and arctic latitudes were found to be more nature-unfriendly than 

those in tropical areas. To explain this they suggested that a more wasteful use of 

resources could have emerged in large countries, and that nations in colder climates 

required more energy consumption. They did not find evidence to support the 

environmental Kuznets curve.  

Many of the regression analyses of Ecological Footprint performed have been to test 

for the environmental Kuznets curve (EKC), named after Simon Kuznets. It predicts that 

as economies become more developed (real GDP per capita increases) environmental 

degradation will initially worsen, but after a certain point the level of deterioration will 

fall. That is, when nations reach a certain standard of living they begin to be able to 

afford environmental protection (Stern, 2004). This is not a focal point of the present 

analysis but it does add input to the ongoing debate. Bagliani et al. (2008) study the 

relationship between GDP and Ecological Footprint with data on 141 countries using 

Ordinary Least Squares and Weighted Least Squares methods. They do not find support 

for the EKC hypothesis.  

Fixed effects models have been constructed for Ecological Footprint in two recent 

studies, both to investigate the EKC. Asici and Acar (2016) show that countries tend to 

relocate their Ecological Footprint as they grow richer. An EKC-type relationship can 

appear between the Ecological Footprint of production and income per capita, but when 

imports are considered and the Ecological Footprint of consumption is tested, the 

relationship may disappear. In their model, larger biocapacity per capita increases the 

                                                      

14 Fixed effects models gather together effects that are unchanged over time and allocate them to 

each panel group through a group specific constant. The effects are included in each country’s constant. 
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Ecological Footprint of production per capita but decreases the Ecological Footprint of 

imports per capita. They assume this is because countries with abundant biocapacity 

can deplete their own resources instead of importing them. Denser population causes 

smaller Ecological Footprint of production per capita. They postulate this might be 

caused by a more efficient consumption of energy in denser areas, or because the 

service industry is relatively larger than the manufacturing where population density is 

high. Nevertheless, the manufacturing industry’s share of GDP is not found to have any 

significant effect on Ecological Footprint. 

In a study by Charfeddine and Mrabet (2017), a fixed effects model was estimated 

for the Ecological Footprint of 15 states in the Middle East and North Africa. They find 

evidence in support of the EKC for the whole sample and for oil-exporting countries, but 

not for the subsample of non-oil-exporting countries. 
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4 Method 

The data described in Chapter 2 was collected for all 35 OECD countries except one, the 

author’s native country Iceland, for which no data was available. The OECD nations are 

relatively wealthy, hence the following analysis focuses on developed countries.   

The data has multiple time periods for each country. Therefore, panel analysis is 

appropriate. To avoid picking up year-specific events, each time unit in the model takes 

an average of five years, resulting in 10 periods from 1964-68 to 2009-201315. The 

regression method that suited the panel data best was the fixed effects model. Tests on 

the main model supporting this are presented in Appendix 1. Furthermore, a fixed 

effects model was essential for the part of this paper dealing with the comparison of 

countries, as it assigns separate constants to each country. The constants represent 

country-specific effects that are not explained by the independent variables. 

Numerous models with different combinations of independent variables were tested 

in search of the most appropriate model, the one that could best explain ecological 

deficit. The purpose of the model is not to provide means of forecasting ecological 

deficit but rather to establish the drivers of ecological deficit and then compare 

countries with these factors held constant. Hence, historical data is appropriate. Bear in 

mind that the dependent variable in all models is in absolute figures, not per capita.  

Several precautions have been taken to achieve the most statistically correct results. 

Panel data and the fixed effects method is itself a certain solution for 

heteroskedasticity. In addition to that, robust (HAC) standard errors were used for all 

models which should correct the standard errors for both autocorrelation and 

heteroskedasticity. Also, when comparing models, the Durbin Watson value was one of 

the indicators considered. The main model’s Durbin Watson value is 1.1, indicating 

some positive autocorrelation which is common for time series. However, the value of 

                                                      

15 Data was only available for Czech Republic and Slovakia from 1993; Estonia, Latvia and Slovenia 

from 1992; Hungary and Poland from 1970. 
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1.1 should not be too far from the Durbin Watson lower bounds to cause concern16. The 

inclusion of lagged variables (a potential solution for autocorrelation), especially for the 

dependent variable, would not serve any purpose for this paper, which attempts to 

explain the drivers of ecological deficit rather than its change. The ecological deficit of 

previous periods is not really a driver of ecological deficit.  

To avoid multicollinearity, highly correlated independent variables were dropped. 

Because of the high correlation between real GDP and population within the OECD 

(92%), population was not included in the models. Population density (persons per 

square kilometre) was used instead. A correlation matrix for the main model’s 

independent variables is presented in Appendix 1. 

Three similar information criteria were used for guidance when comparing different 

models: the AIC, Schwarz (BIC) and Hannan-Quinn criteria17. They are useful when 

comparing models of the same dependent variable and sample size. The lower these 

criteria are the better. Alongside the information criteria, “within R-squared” was used 

for model comparison; a goodness of fit value reflecting how well the model matches 

observed data18. R-squared values tend to improve with additional variables while the 

information criteria include a penalty for additional parameters. They are most 

informative when considered together. (Cottrell & Lucchetti, 2018).  

                                                      

16 The main model has six parameters excluding the intercept and 306 observations giving the Durbin 

Watson lower bounds of 1.613. A Durbin Watson value beneath the lower bounds suggests positive 

autocorrelation. Durbin-Watson = ∑T
t=2(et - et-1)2)/ ∑T

t=1 et
2 where et is the residual of an observation at 

time t and T is the number of observations. (Verbeek, 2012). 

17 AIC = -2L + 2k, Schwarz (BIC) = -2L + k*ln(n), Hannan-Quinn = -2L + 2*k*ln(ln(n)) where k denotes the 

number of model parameters, n the sample size and L the log-likelihood parameter (a measure of model 

fit). The criteria differ in the penalty for additional parameters and in being consistent and asymptotically 

efficient. (Verbeek, 2012). 

18 The within R-squared measures the % of variation in the dependent variable across time explained 

by the model or how well the model can explain deviations in the dependent variable from its time mean. 

Gretl (an econometrics software) also reports a LSDV R-squared for fixed effects models in which a full set 

of individual dummies is considered. The within R-squared only considers the coefficients. As country-

specific effects are not considered drivers of ecological deficit, the within R-squared is more appropriate.  

(Cottrell & Lucchetti, 2018). 
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All models could safely reject the F-test’s null hypothesis of all coefficients being 

equal to 0, where a simple average would be a better predictor of the dependent 

variable than the model. A robust test for differing group intercepts having the null 

hypothesis “the groups have a common intercept”, which would greatly reduce the 

advantage of a fixed effects model, could safely be rejected as well. These tests on the 

main model are shown in Appendix 1. 

A plot of the main model’s residual shows it to be properly distributed for the most 

part except for one alarming deviation. The variance of the residual is noticeably larger 

for the OECD’s largest economies; especially for the United States and Germany but also 

for the UK, Japan and France. This can be seen in figure 6. The residuals of the UK, 

France and Japan follow a very similar trend. Germany’s residual seems to follow almost 

the same trend but with more extremity. Between 1989-2009, the USA’s residual 

appears to follow an inverse trend compared to the other countries. This can be seen in 

figure 7. The unexplained difference in the residuals of these larger economies suggests 

that a factor influential in these countries is missing from the model. Real GDP is one of 

the model’s parameters, so economy size is considered. The unknown effect is apparent 

in the largest economies. Efforts to find this hidden factor were to no avail, but 

conjectures on the matter are discussed in Chapter 6. 
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Figure 6. Sequential residual plot. Notes: this figure shows the main model’s residual over the analysed 
period for each country in alphabetical order. Notice that the variance is largest for the USA, 
Germany, the UK, Japan and France. Italy and Mexico’s highest or lowest point on the graph are 
similar to France’s but their average deviation from zero is considerably smaller. (Global Footprint 
Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, & Timmer, 2015), 
(United Nations, 2017), (United Nations, 2014).  

Figure 7. Overlaid residual plot. Notes: this figure shows the main model’s residual over the analysed 
period for the five largest economies within the OECD, and the average of the other countries’ 
residual. The UK, France and Japan follow a very similar trend. Germany seems to follow almost 
the same trend but with more extremity. During periods 6 to 9 (1989-2009), the USA appears to 
follow an inverse trend compared to the others. For the average, negative and positive figures 
cancel each other out resulting in a steady line of almost zero, which is appropriate for a residual 
plot. (Global Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, 
Inklaar, & Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 
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5 Results 

Table 1 presents models of interest; model 1 is the principal model. Models 1-7 

demonstrate how each parameter of the final model contributes to its quality; each 

additional variable increases the R-squared and the Durbin Watson value19 while the 

information criteria decrease. They also explain why the product of GDP and GDP per 

capita is added, instead of simply GDP per capita. This unambiguously improves the 

model, even though the variable is statistically insignificant20. Adding GDP per capita 

would not produce the same effects. The signs of all coefficients are as expected and 

consistent with other research. 

The product of GDP and GDP per capita is in effect the product of a country’s 

economy size and its standard of living. It is also essentially GDP multiplied by itself 

divided by population21. It is therefore a variable that accounts for non-linear effects of 

GDP, in proportion to population. However, the variable is arguably more 

understandable than simple power functions of GDP, which are generally preferred in 

studies of the relationship between GDP and the environment. It measures the 

relationship between economy size and standard of living. This parameter will have 

most impact on countries such as the USA but might have similar effects on 

Luxembourg and India because they do not present large values for both attributes. 

Factors which require economies of scale and high standards of living would be affected 

by this variable. Technology research, an integral part of environmental protection, is an 

example of such a factor. Furthermore, as GDP increases this variable has exponential 

impact. It is relatively more influential for larger values of GPD. Therefore, this 

parameter can be used to test the EKC hypothesis, which predicts that nations will apply 

environmental protection when they become more developed.   

                                                      

19 As the Durbin Watson value is beneath its lower bounds, larger values are preferred.  

20 Holding this variable constant might increase the explanatory power of the other variables. 

21 GDP * GDP/population = GDP2/population 
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Table 1: Fixed effects models.  

Dependent variable: ecological deficit

model 1 2 3 4 5 6 7

constant -2.24E+08 *** -2.34E+08 *** -2.04E+08 *** -3.25E+08 *** -3.32E+08 *** -1.49E+08 *** -4.84E+07 ***

real GDP -123.21 *** -59.87 *** -60.19 *** -59.69 *** -59.25 *** -55.24 *** -59.42 ***

dependency ratio 2.05E+06 *** 2.42E+06 *** 2.31E+06 *** 2.80E+06 *** 2.94E+06 *** 1.79E+06 ***

human capital 8.89E+07 *** 7.91E+07 *** 6.71E+07 ** 6.21E+07 *** 4.34E+07 **

population density -2.39E+05 ** -2.83E+05 *** -2.88E+05 *** -4.15E+05 **

% urban population -1.82E+06 * -1.86E+06 ** -2.31E+06 **

real GDP per capita * real GDP 0.0010

real GDP per capita 359.192

Within R-squared 0.702502 0.688576 0.689295 0.680097 0.667648 0.650141 0.61149

AIC 11547.37 11559.36 11560.66 11565.58 11575.27 11588.98 11619.04

Schwarz (BIC) 11696.31 11704.58 11709.6 11707.08 11713.04 11723.02 11749.37

Hannan-Quinn 11606.93 11617.44 11620.23 11622.17 11630.37 11642.59 11671.16

Durbin-Watson 1.096743 1.052169 1.057115 1.030873 0.999927 0.944151 0.85573

Dependent variable: Ecological Footprint For the null hypothesis that the coefficient is equal to zero:

model 8 9 * = p-value < 0.05

constant 2.85E+08 *** 3.50E+08 *** ** = p-value  < 0.01

real GDP 123.41 *** 123.62 *** *** = p-value < 0.001

dependency ratio -2.22E+06 *** -2.39E+06 *** blank = p-value > 0.05

human capital -8.23E+07 *** -7.54E+07 ***

population density 1.73E+05 1.04E+05 Negative signs: worsening ecological deficit or larger Ecological Footprint

% urban population 1.65E+06 ** 1.47E+06 Positive signs: improving ecological deficit or smaller Ecological Footprint

real GDP per capita * real GDP -0.0009 -0.0008

biocapacity 0.514138 Dependent variables and biocapacity: in global hectares

Within R-squared 0.789386 0.78624 real GDP: in mil. of 2011 US$

AIC 11545.31 11547.85 dependency ratio: people aged 0-14 and 65+ per 100 aged 15-64

Schwarz (BIC) 11697.98 11696.79 human capital: index based on years of schooling and returns to education

Hannan-Quinn 11606.37 11607.42 population density: persons per square kilometre

Durbin-Watson 1.104317 1.090909 % urban population: percentage of total population residing in urban areas

 
 
 
 

 

 

Notes: this table shows fixed 
effects models of panel data 
on 34 OECD countries from 
1964 to 2013. Models 1-7 
demonstrate how each 
parameter of the principal 
model contributes to its 
quality, expect for Model 3 
which shows that “real GDP 
per capita” does not improve 
the model. Models 8 and 9 use 
the same parameters as the 
principal model, but to 
describe Ecological Footprint 
instead of ecological deficit. 
Higher R-squared and Durbin 
Watson values are preferred. 
Lower information criteria 
values are preferred, when 
observing the same dependent 
variable. (Global Footprint 
Network National Footprint 
Accounts, 2017 Edition, 2018), 
(Feenstra, Inklaar, & Timmer, 
2015), (United Nations, 2017), 
(United Nations, 2014). 
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Models 8 and 9 were made to see if focusing on ecological deficit rather than 

Ecological Footprint made a difference. They use the same parameters as the principal 

model, but to describe Ecological Footprint instead of ecological deficit. One would 

expect the results to be similar, as ecological deficit is simply Ecological Footprint minus 

biocapacity. Furthermore, biocapacity changes slowly compared to Ecological Footprint. 

However, any significant difference between the models would suggest that measuring 

human impact on the environment by means of Ecological Footprint is not equivalent to 

measuring environmental sustainability, using ecological deficit. 

The results were similar but not identical. The main difference is that the population 

density parameters become statistically insignificant, as does the urban population 

parameter when biocapacity is not included as an independent variable (the difference 

between Models 8 and 9). Including biocapacity as an independent variable also results 

in coefficients that are more similar to the main model. R-squared is higher for the 

models presenting Ecological Footprint, which is not surprising as ecological deficit is 

arguably a more complex account than Ecological Footprint. 

The fixed effects method gathers together all effects that remain unchanged over the 

period and allocates them to each country through the constant given. All parameters 

such as latitude and land size were therefore out of reach. Several other potential 

variables had too much missing data, spanning a shorter period than this analysis, such 

as data on GDP composition by sectors. Two factors, energy use and natural resource 

rents, could be tested as additional independent variables but they were neither 

statistically significant nor could be considered to improve the model. Models including 

these variables and further discussion of them can be found in Appendix 2. 

Table 2 compares countries by the constant allocated to each nation by the fixed 

effects models22. The constant can be interpreted as country-specific effects when all 

                                                      

22 The constants from Model 1 (the main model) are used to compare the ecological deficit of nations. 

The constants from Model 8 are used to compare the Ecological Footprint of nations. 
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independent variables have been accounted for. The average ecological deficit and 

Ecological Footprint of each nation from 1964 to 2013 is also shown23.  

 

                                                      

23 A few Eastern European countries are at a disadvantage in this comparison, see reference 15. Data 

was only available for a shorter period, and since ecological deficit and Ecological Footprint have 

worsened a lot since 1961, their constants and averages are probably worse than if the whole period 

were considered. 

Canada 1.0.E+08 0 3.E+08 Canada Canada 1.5.E+08 27 6.E+06 Luxembourg

Australia -4.8.E+06 0 2.E+08 Australia Belgium 1.7.E+08 18 1.E+07 Slovenia

Belgium -1.3.E+08 20 4.E+07 Sweden Luxembourg 1.7.E+08 -2 1.E+07 Estonia

Turkey -1.5.E+08 17 4.E+07 Finland Australia 1.7.E+08 20 1.E+07 Latvia

Luxembourg -1.5.E+08 7 3.E+07 New Zealand Portugal 1.9.E+08 6 2.E+07 Norway

Sweden -1.6.E+08 -3 1.E+07 Chile Netherlands 2.0.E+08 15 2.E+07 New Zealand

Netherlands -1.7.E+08 18 6.E+06 Latvia New Zealand 2.0.E+08 -1 2.E+07 Ireland

Chile -1.7.E+08 -2 4.E+06 Estonia Chile 2.0.E+08 5 2.E+07 Slovakia

Finland -1.7.E+08 -5 2.E+06 Norway Finland 2.1.E+08 1 2.E+07 Israel

Portugal -1.7.E+08 8 -5.E+06 Ireland Greece 2.1.E+08 7 3.E+07 Finland

Mexico -1.8.E+08 13 -5.E+06 Slovenia Turkey 2.1.E+08 11 4.E+07 Portugal

South Korea -1.9.E+08 16 -5.E+06 Luxembourg Sweden 2.2.E+08 6 4.E+07 Switzerland

Greece -1.9.E+08 6 -7.E+06 Slovakia Israel 2.2.E+08 -4 4.E+07 Chile

France -2.0.E+08 15 -2.E+07 Austria Denmark 2.3.E+08 1 4.E+07 Austria

Israel -2.0.E+08 2 -2.E+07 Denmark Latvia 2.3.E+08 -11 4.E+07 Denmark

Spain -2.0.E+08 11 -2.E+07 Hungary Hungary 2.3.E+08 0 4.E+07 Hungary

Denmark -2.04E+08 -2 -2.E+07 Israel South Korea 2.3.E+08 6 5.E+07 Greece

New Zealand -2.1.E+08 -13 -2.E+07 Portugal Spain 2.4.E+08 7 6.E+07 Sweden

Hungary -2.1.E+08 -3 -3.E+07 Greece Austria 2.4.E+08 -5 6.E+07 Czech Republic

Latvia -2.2.E+08 -13 -3.E+07 Switzerland Ireland 2.6.E+08 -13 7.E+07 Belgium

Austria -2.2.E+08 -7 -3.E+07 Turkey Switzerland 2.6.E+08 -9 9.E+07 Netherlands

Italy -2.4.E+08 8 -3.E+07 Czech Republic Estonia 2.6.E+08 -19 1.E+08 Turkey

Norway -2.4.E+08 -14 -6.E+07 Belgium Norway 2.6.E+08 -18 2.E+08 South Korea

Ireland -2.4.E+08 -14 -7.E+07 Mexico Czech Republic 2.7.E+08 -5 2.E+08 Australia

Czech Republic -2.5.E+08 -3 -7.E+07 Netherlands Mexico 2.7.E+08 2 2.E+08 Spain

Switzerland -2.5.E+08 -6 -1.E+08 Poland Slovakia 2.7.E+08 -18 2.E+08 Poland

Estonia -2.6.E+08 -19 -1.E+08 Spain Slovenia 2.7.E+08 -25 2.E+08 Mexico

Slovakia -2.6.E+08 -15 -1.E+08 South Korea Italy 2.8.E+08 1 2.E+08 Canada

Slovenia -2.7.E+08 -18 -1.E+08 France France 2.9.E+08 1 3.E+08 Italy

Poland -2.8.E+08 -4 -2.E+08 Italy Poland 3.2.E+08 -4 3.E+08 France

United Kingdom -3.3.E+08 0 -3.E+08 United Kingdom United Kingdom 3.8.E+08 0 3.E+08 United Kingdom

Germany -3.6.E+08 0 -3.E+08 Germany Germany 4.4.E+08 0 5.E+08 Germany

Japan -3.8.E+08 0 -5.E+08 Japan Japan 4.4.E+08 0 6.E+08 Japan

United States -9.2.E+08 0 -1.E+09 United States United States 1.4.E+09 0 3.E+09 United States

Model 1 FE constants ecological deficit ecological footprintModel 8 FE constantschange change

Table 2: Country comparison.  

Notes: this table shows the ranking of 34 OECD countries, with the most environmentally friendly at 
the top. Two identical comparisons are made; on ecological deficit to the left, Ecological Footprint to 
the right. Each has three columns: The first ranks nations by the constant allocated to each country by 
the fixed effects model. The third ranks countries by their average ecological deficit and Ecological 
Footprint from 1964 to 2013. The second column shows the change in ranking of the nation in column 
1 compared to its ranking in column 3; i.e. whether the model favours the country in question. (Global 
Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, & Timmer, 
2015), (United Nations, 2017), (United Nations, 2014). 
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After the independent variables have been accounted for, the ecological deficit and 

Ecological Footprint of nations are no longer dominated by their GDP, as was evident in 

Figures 3 and 4. Although the largest economy within the OECD is still dominant24, other 

nations are evenly distributed. This is demonstrated in figures 8 and 9.   

                                                      

24 Three of the next four largest economies (in 2013) also rank higher than other nations, but only 

marginally.  

Figure 8. Ecological deficit FE constants and GDP. Notes: this figure shows the fixed effects constants 
allocated to each country in Model 1 ranked by their real GDP in 2013 from left to right. (Global 
Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, & 
Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 

 

Figure 9. Ecological Footprint FE constants and GDP. Notes: this figure shows the fixed effects constants 
allocated to each country in Model 8 ranked by their real GDP in 2013 from left to right. (Global 
Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, & 
Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 
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Figure 10 demonstrates that after the independent variables have been accounted 

for, ecological deficit is no longer related to population density, as was evident to some 

extent in figure 5. Although Canada and Australia still surmount the ecological deficit 

ranking, the model is not necessarily at fault: They simply provide such a huge ecological 

surplus for the rest of the world that no-one will deny them credit. The Ecological 

Footprint ranking in Table 2 supports this where they run high up the list.  

 

Figure 10. Ecological deficit FE constants and population density. Notes: this figure shows the fixed 
effects constants allocated to each country in Model 1 ranked by their population density in 
2013 from left to right. (Global Footprint Network National Footprint Accounts, 2017 Edition, 
2018), (Feenstra, Inklaar, & Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 
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6 Conclusions 

6.1 Interpretation of the models 

Model 1, effects on ecological deficit when other variables are held constant: 

➢ When real GDP increases by $10 billion, ecological deficit worsens by 
1,200,000 global hectares. 

➢ When a human capital index, based on education, increases by 0.01, 
ecological deficit improves by 890,000 global hectares.  

➢ When population density increases by 1 person per km2, ecological deficit 
worsens by 240,000 global hectares.  

➢ When the dependency ratio increases by 0.1, ecological deficit improves by 
210,000 global hectares.   

➢ When the percentage of population residing in urban areas increases by 0.1, 
ecological deficit worsens by 180,000 global hectares. 

➢ When real GDP multiplied by real GDP per capita increases by $100,000 
billion, ecological deficit improves by 100,000 global hectares. This is not 
statistically significant.  

Model 8, effects on Ecological Footprint when other variables are held constant: 

➢ When real GDP increases by $10 billion, Ecological Footprint increases by 
1,200,000 global hectares. 

➢ When a human capital index, based on education, increases by 0.01, 
Ecological Footprint decreases by 820,000 global hectares.  

➢ When the dependency ratio increases by 0.1, Ecological Footprint decreases 
by 220,000 global hectares.   

➢ When population density increases by 1 person per km2, Ecological Footprint 
increases by 170,000 global hectares. This is not statistically significant. 

➢ When the percentage of population residing in urban areas increases by 0.1, 
Ecological Footprint increases by 170,000 global hectares. 

➢ When real GDP multiplied by real GDP per capita increases by $100,000 
billion, Ecological Footprint decreases by 90,000 global hectares. This is not 
statistically significant.  

➢ When biocapacity increases by 1 global hectare, Ecological Footprint 
increases by 0.5 global hectare. This is not statistically significant.  

The accounting units of the independent variables are scaled to 1% of their standard 
deviation, rounded to the next integer of 1, 100, 1,000 etc. Variables are shown in order 
of the size of their impact according to each variable’s accounting unit.  
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6.2 Drivers of ecological deficit 

The factors above were found to be the drivers of an ecological deficit. Although their 

effect on Ecological Footprint is also shown, the following discussion is on ecological 

deficit. In Chapter 6.3 the similarity of the two models is discussed.  

Not surprisingly, the most influential factor in the model is real GDP. Ecological 

deficit consists of two measurements; biocapacity and Ecological Footprint. The latter is 

based on consumption, which is a main component of GDP. As consumption increases, 

both GDP and the Ecological Footprint increase, leading to a worse ecological deficit. 

Also, since the dependent variable is in absolute figures, the GDP parameter reflects the 

sizes of the countries. The Ecological Footprint is expected to be large in big economies 

because of the massive consumption-levels of their citizens. Ideally, this should be 

offset by the large biocapacity of such nations, resulting in a neutral ecological deficit. 

This is unfortunately not the case. Most countries are running an ecological deficit and 

the largest economies also have the largest ecological deficit.  

The second most influential factor comes as a surprise, the human capital index, or 

education. Dietz et al. (2007) found education to have a positive but statistically 

insignificant effect and concluded that human well-being could be improved without 

negative impact on nature by improving education. Our results are even more 

optimistic: education has significant positive effects on the environment. Perhaps 

education stimulates necessary awareness of the issues and encourages an intention to 

improve things. This indicates that education is important not only to human well-being 

but also to the environment. 

The third most important factor is population density. This factor measures how 

spacious the land is in terms of persons per square kilometre. Spacious countries are 

expected to have more biocapacity relative to Ecological Footprint than others; i.e. less 

of an ecological deficit. Ecological Footprint depends on human demand while 

biocapacity represents the ability of a geographical area to meet those demands. Thus, 

if there are relatively few people in a large area, ecological deficit is expected to be 

more positive. Population density accounts for these conditions, which are evident in 

Australia and Canada. Note that the same factor also accounts for population growth. 

As the population grows, land size remains unchanged, and the population density 
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increases. Population growth increases demand on the environment. At the same time, 

areas become more crowded and fewer environmental assets are available to each 

person. 

The next two factors establish that demographics matter. As with education, Dietz et 

al. (2007) found urban population and dependency ratio25 variables to be statistically 

insignificant. In our model they are statistically significant. If we accept that children and 

senior citizens consume less than the average adult, the verdict seems straightforward. 

As the dependency ratio increases, less is demanded of the environment and the 

ecological deficit improves. This suggests that the ageing population of developed 

nations in recent years might be good for the environment. The dependency ratio 

increased in 30 of the 34 OECD countries26 between the years 2010 and 2015. This has 

been attributed to relatively more senior citizens within developed countries rather 

than increased birth rates.   

Why urbanization relates to a worsening ecological deficit is less clear. The 

development of countries has generally been followed by their urbanization. 

Development has affected the environment, but our model should be able to isolate the 

effects of each factor. Consumption patterns might be worse for the environment in 

urban areas. Urbanization might relate to increased disposable income and more free 

time, leading to increased consumption. For people in rural areas, fewer activities might 

be available.  

However, Asici and Acar (2016) mention that energy might be consumed more 

efficiently in denser areas27 (heating a building block instead of several farms is more 

efficient). Using less land for housing should also be good for the environment. 

                                                      

25 The dependency ratio is people aged 0-14 and 65+ per 100 aged 15-64. The actual parameter used 

by Dietz et al. is the percentage of population aged over 15, more like an inverse dependency ratio. It is 

found to have negative effects which is consistent with the dependency ratio having positive effects.  

26 The dependency ratio decreased in Chile, Mexico, Luxembourg and Turkey.  

27 Their discussion was on densely populated areas in general but their model does not include an 

urbanization variable. I believe the argument is more suitable for the effects of urbanization. Also, 

population density can have different effects on Ecological Footprint per capita, as in their model, and on 

ecological deficit in absolute figures, as in the present analysis. 



 

33 

Nevertheless, our results and others conclude that urbanization does not help the 

environment (Dietz, Rosa, & York, 2007). Of all statistically significant variables, urban 

population was the least statistically significant and had the smallest effect on 

ecological deficit. Still it is significant. 

One statistically insignificant variable is included in the ecological deficit model: the 

product of GDP and GDP per person. It allows us to test for the EKC hypothesis28. Its 

positive coefficient shows a trend in support of the EKC, indicating that ecological deficit 

decreases as nations become more developed. However, the coefficient is statistically 

insignificant so the variable seems to have no conclusive effect on ecological deficit. 

Hence, the evidence is ambiguous with regard to the EKC hypothesis.  

6.3 Ecological deficit or Ecological Footprint 

Another question researched was whether it mattered whether one chose to study 

Ecological Footprint or ecological deficit. The terms are closely related: ecological deficit 

is simply biocapacity minus Ecological Footprint. Furthermore, biocapacity changes 

gradually while Ecological Footprint has been changing rapidly. All the same, results 

show that it does matter which variable you study: parameters that are statistically 

insignificant for Ecological Footprint are significant for ecological deficit.  

Population density is one of those parameters. This suggests that population density 

has effects on environmental sustainability, measured by ecological deficit, but not on 

human impact on the environment, measured by Ecological Footprint. Population 

density represents how spacious a country is, which may relate to how much 

biocapacity is available to its citizens. Ecological deficit considers biocapacity while the 

Ecological Footprint does not. This might explain the difference between the models.  

Biocapacity is included as an independent variable in the Ecological Footprint model 

although the variable is statistically insignificant. More biocapacity relates to a larger 

Ecological Footprint. That is consistent with other research where abundant biocapacity 

is speculated to lead to more wasteful behaviour. (Asici & Acar, 2016), (Dietz, Rosa, & 

York, 2007). If biocapacity is not included as an independent variable, as in model 9, the 

                                                      

28 See Chapter 5 for detailed discussion on why the variable can be used to test the EKC hypothesis. 
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urbanization variable is not found to have statistically significant effects. Holding 

biocapacity constant might aid in isolating the effects of urbanization. 

In addition to researching Ecological Footprint, ecological deficit should be studied, 

as it measures the end we are aspiring to, i.e. sustainability. Focusing solely on 

Ecological Footprint might cause some factors important to the environment to be 

overlooked.  

6.4 Comparison of countries 

This study has made a comparison of the OECD countries, see Table 2. Perhaps the most 

obvious pattern involves four of the five largest economies within the OECD: the USA, 

Germany, the UK and Japan. They seem to be the most environmentally unfriendly, 

even when all independent variables are held constant, such as economy size. This does 

not apply to France, which suggests that the nation is the most environmentally friendly 

of the largest economies.  

The possibility of a missing factor for these nations was discussed in Chapter 4. These 

countries do have more influence on foreign policy and are in a stronger negotiating 

position than others. For example, they have political power that can influence global 

negotiations. Could that be a driving factor of an ecological deficit? What happens in the 

largest economies in the world has an effect that goes far beyond these economies 

themselves. Two interesting areas were found in which these five countries stand out. 

These countries dominate the control of reserve currencies, if we acknowledge that 

Germany and France control the Euro29. As well as this, with the addition of China they 

are the only countries in the world with a service sector of around two thousand billion 

dollars (Central Intelligence Agency, 2018). These five countries together do not stand 

out in other aspects of sector composition when compared to other OECD countries. 

Data on GDP composition could not be used because there was too much missing data 

for the observing period. Future studies, involving a shorter time span, could address 

this.  

                                                      

29 92.28% of all official foreign exchange reserves are in the US dollar, Euro, Japanese yen or Pound 

sterling (International Monetary Fund, 2018).  
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It is presumed that the model fully accounts for the variability in the ecological deficit 

of other countries. When the countries are put in order of average ecological deficit and 

Ecological Footprint from 1964-2013, size dominates the ranking, but when the 

independent variables are accounted for, no obvious size ordering can be seen.  

Let us summarise the results in Table 2. When influential factors are considered, the 

most environmentally sustainable countries are Canada, Australia and Belgium. The 

model favours Belgium, Netherlands and Turkey the most (change in ranking compared 

to average ecological deficit). 

 

Hopefully this paper has shed some light on the drivers of ecological deficit, its 

difference from Ecological Footprint and the performance of the OECD nations when 

those drivers are considered.   
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Appendix 1: the main model 

The regression method that suited the panel data best was the fixed effects model. 

Tests on the main model supporting this are presented in Table 3. 

Table 3: Panel diagnostics.  

Diagnostics: using n = 34 cross-sectional units 
 
Fixed effects estimator 
allows for differing intercepts by cross-sectional unit 
 
                 coefficient        std. error     t-ratio   p-value  
  ------------------------------------------------------------------- 
  const            −2.23884e+08       5.93603e+07  −3.772   0.0002    *** 
  realGDPe       −123.214            18.1729       −6.780   7.73e-011 *** 
  dependency        2.05210e+06  456047             4.500   1.02e-05  *** 
  humancap          8.88701e+07       1.40513e+07   6.325   1.07e-09  *** 
  density     −239128            133733            −1.788   0.0749    * 
  urban            −1.82410e+06  675670            −2.700   0.0074    *** 
  GDPGDP_pp         0.00102848        0.000291456   3.529   0.0005    *** 
 
Residual variance: 3.37641e+017/(306 - 40) = 1.26933e+015 
 
Joint significance of differing group means: 
 F(33, 266) = 56.1087 with p-value 7.62585e-101 
(A low p-value counts against the null hypothesis that the pooled OLS model 
is adequate, in favor of the fixed effects alternative.) 
 
Variance estimators: 
 between = 6.34625e+015 
 within = 1.26933e+015 
Panel is unbalanced: theta varies across units 
 
Random effects estimator 
allows for a unit-specific component to the error term 
 
                 coefficient        std. error     t-ratio   p-value  
  ------------------------------------------------------------------- 
  const            −2.42318e+08       6.16354e+07   −3.931  0.0001    *** 
  realGDPe       −193.910            15.1698       −12.78   3.81e-030 *** 
  dependency        1.71784e+06  471636              3.642  0.0003    *** 
  humancap          9.15699e+07       1.38848e+07    6.595  1.93e-010 *** 
  density     −242038             96795.5           −2.501  0.0129    ** 
  urban            −1.04883e+06  630618             −1.663  0.0973    * 
  GDPGDP_pp         0.00210519        0.000250983    8.388  1.99e-015 *** 
 
Breusch-Pagan test statistic: 
 LM = 775.57 with p-value = prob(chi-square(1) > 775.57) = 1.10568e-170 
(A low p-value counts against the null hypothesis that the pooled OLS model 
is adequate, in favor of the random effects alternative.) 
 
Hausman test statistic: 
 H = 61.6605 with p-value = prob(chi-square(6) > 61.6605) = 2.06858e-011 
(A low p-value counts against the null hypothesis that the random effects 
model is consistent, in favor of the fixed effects model.) 

Notes: (Global Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, 
& Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 
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A correlation matrix for the main model’s independent variables is presented in 

Table 4. All models could safely reject the F-test’s null hypothesis of all coefficients 

being equal to 0, where a simple average would be a better predictor of the dependent 

variable than the model. A robust test for differing group intercepts having the null 

hypothesis “the groups have a common intercept”, which would greatly reduce the 

advantage of a fixed effects model, could safely be rejected as well. These tests on the 

main model are shown in Table 5.  

Table 4: Correlation matrix of independent variables.  

Correlation coefficients, using the observations 1:01 - 34:10 
(missing values were skipped) 
 
5% critical value (two-tailed) = 0.1064 for n = 340 

realGDPe density dependency urban humancap  

1.0000 0.0179 -0.0935 0.1277 0.2814 realGDPe 

 1.0000 -0.2008 0.1175 0.1027 density 

  1.0000 -0.2427 -0.5926 dependency 

   1.0000 0.5130 urban 

    1.0000 humancap 

      

    GDPGDP_pp  

    300.9738 realGDPe 

    -0.0155 density 

    -0.1016 dependency 

    0.1289 urban 

    0.2946 humancap 

    1.0000 GDPGDP_pp 

 

Table 5: Tests on coefficients and intercepts. 

Joint test on named regressors - 
  Test statistic: F(6, 33) = 31.6187 
  with p-value = P(F(6, 33) > 31.6187) = 2.49006e-012 
 
Robust test for differing group intercepts - 
  Null hypothesis: The groups have a common intercept 
  Test statistic: Welch F(33, 85.1) = 236.992 
  with p-value = P(F(33, 85.1) > 236.992) = 8.11726e-071 

 

                                                      

30 GDPGDP_pp is a product of realGDPe so correlation is neither unexpected nor considered an issue. 

Notes: (Global Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, 
& Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 
 

Notes: (Global Footprint Network National Footprint Accounts, 2017 Edition, 2018), (Feenstra, Inklaar, 
& Timmer, 2015), (United Nations, 2017), (United Nations, 2014). 
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Appendix 2: other models 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6 shows two models where a statistically insignificant variable is added to the 

main model. In Model 11, total natural resource rents (percentage of GDP) are included. 

The information criteria decrease, but so do the R-squared and the Durbin Watson 

value31. This might be a consequence of missing data; several data points on natural 

resource rents were missing for the earlier periods.  

In Model 10, energy use (kg. of oil equivalent per capita) is included, for which only a 

handful of data points are missing. The information criteria are slightly smaller, but so 

are the R-squared and the Durbin Watson value, compared to the main model. The 

urban population variable also becomes statistically insignificant. A possible connection 

between these variables is discussed in chapter 6.  

                                                      

31 As the Durbin Watson value is beneath its lower bounds, larger values are preferred. 

Table 6: Other models.  
 

Table 7: Other models 

Notes: (Global Footprint Network National Footprint Accounts, 
2017 Edition, 2018), (Feenstra, Inklaar, & Timmer, 2015), (United 
Nations, 2017), (United Nations, 2014), (The World Bank, 2011), 
(OECD/IEA, 2018). 
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According to Model 10, when energy use is held constant, urban population has no 

real effect on ecological deficit. However, one could argue that changes in energy use 

are an integral part of the effect of living in urban areas. The constants, which are 

central to this paper’s analysis, also become “less” statistically significant. Similarly, the 

argument could be made that differences in energy use are an integral part of country 

comparison.  
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