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Abstract  

Human Impact on the environment is an important subject. The purpose of this study is to examine 

what impact population, affluence and technology have on the environment. Environmental 

impact is measured by the Ecological Footprint, a measure of human pressure on nature. The study 

is primarily based on the IPAT (Impact, Population, Affluence & technology) and STRIPAT 

(Stochastic Impacts by Regression on Population, Affluence, and Technology) frameworks and a 

fixed effects regression with control variables for urban population and income groups. The 

findings show that population and affluence have a positive effect on the Ecological Footprint 

whereas the effect of technology is ambiguous. These findings can be used to bring clarity into the 

effect human activity has on the environment and raise awareness of the importance of the subject. 

We propose further research to be done in the sustainability of the size of the Ecological Footprint, 

the effect of monetary inequality and more in depth analysis of the different income groups.   
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1. Introduction  

The issue of climate change is one of the greatest problems of our and future generations. It 

is highly controversial as people tend to either agree or disagree with the importance of 

fighting climate change. No matter what side of the argument you support, discussions are 

bound to be heated. According to the IPCC (2014a) the consequences are already apparent, 

and more are on route.  

 

The purpose of this thesis is to analyze how population, affluence and technology impact the 

Ecological Footprint on an aggregate global level. The Ecological Footprint is a measure of 

environmental impact. It measures environmental stress from consumption, distributing the 

impact to the nation that consumes the product rather than the producer. Control variables 

for foreign direct investment, urbanization and income groups are also included. The 

estimation method used is a fixed effects model and the data has a panel structure. The time 

span used is between 1992 and 2012 and 155 countries are included.  

 

The measure of environmental impact we have chosen is the Ecological Footprint. Using 

this as a measure of environmental stress has previously been done by Texidó-Figueras and 

Duro (2015) and Jorgenson (2003). Texidó-Figueras and Duro (2015) focus on the 

international inequality in the Ecological Footprint between countries and Jorgenson (2003) 

did a cross-national analysis for 1994. On top of the above mentioned articles, the Ecological 

Footprint has also been used in national and city case reports (Federal Statistical Office FSO, 

2006; Global Footprint Network, 2012). It is important to emphasize the fact that the 

Ecological Footprint should be thought of as a measure of environmental stress or pressure, 

not the consequences of said pressure.  

 

The most common measurement for environmental impact is pollutant data, which has been 

widely used (Fan et al, 2006; Skaza & Blais, 2013; York et al, 2003a). Pollution is not a perfect 

measurement of environmental impact as it measures a limited part of the entire impact. 

Using only CO2 will display the impact of different activities on that emission alone, when 

there are several emission types that can cause environmental impact. The IPCC (2014b) 

consider the primary greenhouse gases on earth to be water vapor, carbon dioxide, nitrous 

oxide, methane and ozone. Using only one of these gasses may therefore not be optimal. 



 

 2 

Due to this shortcoming in ways to measure environmental impact the Ecological Footprint 

is a much needed contender. This thesis’ novelty lies in using the Ecological Footprint as the 

measure of environmental impact and doing it with a dataset of previously unprecedented 

size. Previous research has not used yearly data in the in the same magnitude that we have, 

and have not included as many countries. This will be a contribution to not only the research 

regarding the Ecological Footprint, but also to the entire environmental debate as it 

challenges the traditional approach of using pollutant data.  

 

When choosing the variables to represent population, affluence and technology, we turned 

to previous research. The inclusion of said variables arise from the IPAT model, a model 

proposing a relationship between population, affluence, technology and the environment 

(Ehrlich & Holdren, 1971).  

 

The outline of this thesis is as follows; first an introduction, followed by a section devoted 

to the explanation of the Ecological Footprint. Directly following the section of the 

Ecological footprint is the Theoretical framework. The next two sections are the method 

and data parts. These include detailed descriptions of the variables that will be included in 

the regression as well as the data that will be used to represent them. They also contain the 

expected results, the model we will use and the econometric method. The empirical results 

section will include the regressions as well as robustness checks that further validates the 

results. A detailed analysis of the results will follow, this section is divided into subsections 

for each of the main variables, population, affluence and technology. In the concluding 

section there will also be suggestions for further research and policy implications of the 

result.  

  



 

 3 

2. Ecological Footprint 

There are multiple ways of measuring environmental impact, one of them is the Ecological 

Footprint (EF). The EF gained a lot of attention in research after its introduction by Rees 

and Wackernagel (1992, 1996) and is now issued by the Global Footprint Network. The EF 

measures the ecological assets that are required to produce the goods we consume and 

absorb the waste we emit given the current technology and resource management. Given 

this definition the EF provides a measurement of the burden a region’s consumption has on 

the land area (Lin et al, 2016). The EF should be thought of as pressure on the environment 

rather than the consequences of such an impact. It is a valuable measure as it describes the 

factors that lead to problems associated with climate change such as deforestation and 

species extinction (York et al, 2003b). The EF is commonly referred to as the Ecological 

Footprint of consumption, and throughout this thesis it will be abbreviated as EF. The EF 

of consumption is calculated upon three other measures: the EF of production, the EF of 

imports and the EF of exports. Each of these include activities between and within countries. 

For example the EF of production for an individual country include all global hectares 

(Global hectare is explained below) used in production within a country whereas the EF of 

exports is the global hectares of production exported. The composition of the EF of 

consumption is explained by the following formula: 

 

         𝐸𝐹𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	 = 	𝐸𝐹𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛	 +	(𝐸𝐹𝑖𝑚𝑝𝑜𝑟𝑡	 − 	𝐸𝐹𝑒𝑥𝑝𝑜𝑟𝑡)          Equation 1 

 

The Ecological Footprint, which is represented in column 6 in figure 1 below, can be 

calculated for a nation, region, individual or activity. When divided by the size of the targeted 

population it can also be expressed in per capita Footprint. The EF can be disaggregated into 

6 different categories; cropland, grazing land, fishing grounds, built-up land, forest area, and 

carbon demand on land (Global Footprint Network, 2017a). These categories can be seen in 

column 2. The EF does not include deserts, glaciers and open ocean (Global Footprint 

Network, 2017b). The productivity of these different categories is measured in tons per year, 

which is average amount of tons produced per year for the given land type.  

 

One of the strengths of the Ecological Footprint measure is that it takes imports and exports 

into account. Environmental impact is contributed to the country that consumes the product, 

rather than the country that produces it. This allows for an equal measure non-dependent on 



 

 4 

if a country choses to import or produce all consumption goods. If a barrel of oil is sold by 

Norway to Sweden then emissions from the production, using Norway’s productivity, will 

be included in Sweden’s Ecological Footprint.  

 

The EF is expressed in global hectares. Global hectares were developed to solve the issue 

that different land types have different productivities in regard to physical size. The different 

categories the EF consists of carry different weight depending on what is produced. For 

example; one global hectare of cropland land would occupy a smaller physical area than the 

much less biologically productive grazing land (Lin et al, 2016). The global hectare 

measurement is one of the strengths of the EF as it provides a common unit of measurement 

when comparing different types of land’s productivity. 

 

 

Figure 1 - Ecological Footprint disaggregated (Lin et al, 2016; Monfreda et al, 2004) 

 

As Figure 1 depicts, calculating the Ecological Footprint is done through one equation for 

each land category. The results of each equation are then added up to the total Ecological 

Footprint. Because countries are different a yield factor is required to calculate the total EF. 
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The yield factor is the ratio between tons of merchantable goods produced and the area 

needed for one nation’s production. The yield factor, which can be seen in column 3, 

converts all hectares of a specific land type into a measure of average productivity. E.g. a 

field of corn may produce 200 tons/hectare in Sweden and 150 tons/hectare in USA. In 

other words, yield can be explained as the productivity of a nation, e.g. how much can be 

consumed from one hectare of cropland. The equivalence factor, shown in column 4, is the 

world average potential productivity of a specific land type relative to the world average 

productivity of all areas (Monfreda et al, 2004). Simplified, the equivalence factor converts a 

hectare into a global hectare, based on its potential productivity within an average hectare of 

a specific land type, e.g. how many global hectares a hectare of cropland in Sweden contains. 

This step enables comparison of the productivity of all different land types as it converts the 

hectares into global hectares. Once the EF’s of all land types’ are added you end up with the 

total EF, expressed in global hectares. 

 

Although the Ecological Footprint is a good attempt of providing a measurement of 

environmental impact, it is not optimal. Van den Bergh and Verbruggen (1999) are among 

those who have criticized it. They shine attention on among others the implications of using 

the same productivity measure for all land under each category and the EF’s inability to cover 

all activity. 
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3. Theoretical framework 

How human activity affects the environment has been discussed throughout centuries, dating 

back to Malthus famous book “An Essay on the principle of Population” from 1789. Two 

models that have been used in multiple studies are the IPAT (Impact, Population, Affluence, 

Technology) model and the Environmental Kuznets curve (EKC). The IPAT model 

proposes a relationship between affluence, technology, population and environmental 

impact. Ehrlich and Holdren (1971) were the founders of the IPAT model, while Commoner 

(1972) and Commoner et al. (1971) were first with its algebraic formulation and its 

application. The EKC was developed from the Kuznets curve in an attempt to explain the 

relationship between income and environmental degradation. It was developed by Grossman 

and Krueger (1994) and Shafik (1994). It has an inverted U-shape that assumes an increase 

in environmental degradation as income increases until a stagnation from which point 

forward increased income is consistent with environmental rejuvenation. Stern et al, (1996) 

are one of many research groups who have taken it upon themselves to prove the EKC. 

They reached the conclusion that the inverted U-shaped relationship holds for certain 

pollutants but not for the average region or nation. An interesting remark in their paper was 

their conclusion that the EKC depends on a model of the economy where the quality of the 

environment does not affect production. This is one of the main weaknesses of the EKC. 

3.1 IPAT and STIRPAT 

IPAT states that the impact (I) on the environment is a function of population (P), affluence 

(A) and technology (T). An increase in population has a negative effect on the environment 

due to increasing demand for land, resources and polluting activities, and is measured in 

population size (Ehrlich & Holdren, 1971). Affluence is measured in income per capita, 

usually noted as GDP per capita (Fan et al, 2006; York et al, 2003a,b). Increases in affluence 

are expected to lead to environmental degradation. Technology is described to have 

ambiguous effects as there are technologies that can improve environmental quality as well 

as technology that may harm it (Commoner, 1972).  Defining technology in the IPAT model 

can be difficult. In the original IPAT formula technology is derived as the residual, 

representing everything affecting the environment that isn’t population or affluence 

(Chertow, 2000). Technology is a measure of how resource heavy the current affluence per 

capita output is, that is how much environmental degradation is involved in creating, 

transporting and disposing of the goods and services used. Increasing technology could 
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create more efficient production and could reduce resource intensiveness, thereby decreasing 

the multiplying effect of technology (Commoner et al. 1971).                             

                                                       𝐼 = 𝑃 ∗ 𝐴 ∗ 𝑇                             Equation 2 

 

The IPAT equation states that environmental impact is the product of population, affluence 

and technology. As the measures on the right hand side of the equation are multiplied, only 

one variable can be changed as the others are kept constant in order to see the impact of an 

individual variable. In order to overcome this limitation, Dietz and Rosa (1994) reformulated 

it into a stochastic model, naming it STIRPAT (Stochastic Impacts by Regression on 

Population, Affluence, and Technology). The purpose of the STIRPAT model is to analyze 

the non-proportionate impact of a variable on the environment. The STIRPAT model also 

allows one to control for technology rather than leaving it as a residual (Dietz & Rosa, 1994). 

 

Taking on the EKC and IPAT models you have a basic supply of variables on which the EF 

can be regressed. The main points of interest being population, affluence and technology. 

However, there are several other variables that could be of interest. Teixidó-Figueras and 

Duro (2015) were interested in the IPAT framework but also included social variables. In 

order to analyze the IPAT model they made a STIRPAT, as it in contrast to the IPAT can 

be used to run a regression changing multiple variables independently. The variables Texidó-

Figueras and Duro (2015) included were; per capita GDP, industrial GDP share, urban 

population share, working-age population share, and average daily minimum temperature. 

They included a climate variable as they suggested that countries with higher temperatures 

would have a smaller demand for heating and therefore a smaller Ecological Footprint. They 

found that increases in income, urbanization and working-age population size led to an 

increase in the Ecological Footprint per capita while increases in industrial share of GDP 

and high temperatures lowered the Ecological Footprint. Income was the largest contributor. 

York et al, (2003a) also developed a STIRPAT model, but instead they measured elasticities 

of their included variables; population, affluence, climate and modernization. Modernization 

was a measure of industrialization and urbanization. They found that modernization and 

population had a positive effect on the Ecological Footprint, and concluded that nations 

situated in warmer regions had smaller impact on the EF than that of nations with lower 

temperatures. They did however not take the need for air-conditioning in warmer nations 

into account. 
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3.1.1 Population 

Ehrlich and Holdren (1971) explain how an individual has a negative impact on the 

environment since she takes advantage of ecological systems and resources. The logic they 

apply is that as population increases there are more people who burden the environment and 

therefore more harm can be done. They go on to explain that as population size increases it 

isn’t just the demand for fundamental resources such as food and shelter that increase, there’s 

also a surge in new demand. With a larger population size, links between people such as 

roads, infrastructure and communication, are demanded. Larger demand may be met by 

economies of scale, but when new demand and a larger variation is required this may not 

solve the problem. It is also an issue of how much the earth can endure. Arrow et al. (1995) 

discuss how the carrying capacity of the world is limited. As demand increases there is more 

consumption and hence more production which may be associated with environmental 

damage. As population is one of the major components of IPAT it is widely used in previous 

research, but in different forms. Texidó-Figueras and Duro (2015) take interest in the 

population structure and conclude that a larger urban population share as well as a large 

working-age population share of total population are consistent with increases in the 

Ecological Footprint. Their interest in the working-age population share originates from 

Zagheni (2011). Zagheni shows that the working-age population share will have a greater 

impact on the environment due to life cycle patterns. Nations where the share of children 

and elderly is small in proportion to the working-age population share will have higher 

consumption. Jorgenson (2003) uses population both to describe urbanization and literacy. 

York et al. (2003a) conclude that population is one of the major causes behind CO2 

emissions, which is the measure they use to describe environmental impact.  

3.1.2 Affluence 

In order to measure affluence in the IPAT model, the most commonly used notations have 

been GDP or GNI per capita (Commoner et al, 1971; Texidó-Figueras & Duro 2015; York 

et al 2003a). However, using GNI or GDP as a measure of affluence have been criticized by 

Dietz and Rosa (1994). They welcomed new suggestions, but had no concrete substitutes in 

mind. According to Bongaart (1992) changes in affluence in less developed nations will be 

the most dominant driver of CO2 emission (environmental impact). In more developed 
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countries increasing affluence also increase emissions but not to the same extent. Kolsrud 

and Torrey (1992) drew similar conclusions. Texidó-Figueras and Duro (2015) motivate 

affluence as a factor that influences the Ecological Footprint by saying that as affluence 

increases in a country the demand for resources rise. This increase in resource demand is a 

strain on the environment, de facto an environmental impact. There are three commonly 

used distinctions of goods; inferior goods, normal goods and luxury goods. Inferior goods 

are goods which you consume less of when income increases. The opposite of an inferior 

good is a luxury good, where increased income leads to increased demand. Normal goods 

are goods where increased income lead to an increase in demand, but at a lower return than 

for luxury goods (Goolsbee et al, 2013). York et al. (2003a) discuss how increases in affluence 

lead to increased emissions, but up to a certain point. As the EKC predicts, when this level 

is reached an increase in affluence leads to a much smaller increase in environmental impact. 

Verbeke and De Clercq (2006) refer to this as the income effect; that once income rises the 

demand for environmental quality increases and societal changes are made.   

 

Different levels of affluence could also be measured by dividing countries into groups based 

on their per capita income. This is different from using countries continuous income levels 

since it allows to control for how different stages of income affect the Ecological Footprint. 

The effect of the different income levels is interesting from an EKC approach as it enables 

one to see if the proposed relationship between income and environmental impact holds. 

The World Bank has divided all countries into four different income groups, depending on 

their gross national income per capita. The income groups are; low, lower middle, upper 

middle and high income (Datahelpdesk.worldbank.org, 2017). The limits for each group are 

changed annually. Dividing countries into different income groups control for how different 

income levels affect the environmental impact. Padilla and Serrano (2006) show significant 

results for an overwhelming majority of countries, that higher per capita income should be 

expected to be followed by higher emissions. M.A. Cole et al. (1997) had similar results, 

stating that different income levels had different effect on the environment.  

 

What should also be considered with regards to affluence is trade. Countries exchange goods 

and services over borders, as imports and exports. Closely tied to trade is the concept of 

foreign direct investment (FDI). FDI is a special form of capital that does not only include 

capital but also assets that are intangible, such as trademarks or patents. FDI flows out of 

countries with a low return and gets reinvested in countries that yield a higher marginal 
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return. The connection to the environment is proposed by Xing and Kolstad (2001) and 

Markusen, et al,  (1993). They suggest that industries will be placed in nations with less 

extensive environmental policy and that FDI will flow into these countries. A nation with 

poor environmental policies is commonly referred to as a pollution haven. Therefore FDI 

inflows are proposed to have a negative impact on the environment and hence be positively 

related to the Ecological Footprint. The WTO (1996) are among those who have investigated 

the correlation between FDI and trade, finding that there is indeed a relationship. As 

previously described the EF accounts for trade (Global Footprint Network, 2017a), making 

it difficult to include a variable for trade in an analysis of the EF. The conclusion is that trade, 

and FDI, may have an impact as suggested by Xing and Kolstad (2001) and Markusen, et al,  

(1993), but that it cannot be included when dealing with the Ecological Footprint. 

3.1.3 Technology 

Many argue that, in theory it is feasible to improve technological efficiency and thereby 

dramatically reduce impacts on the environment (Ausubel, 1996; Hawken, Lovins, Lovins; 

1999). It has been established that technological improvements can play a considerable role 

in solving certain environmental problems, such as ozone layer depletion, and can 

substantially improve energy efficiency (Kemp, 1994). Technology can also be used to 

improve the carrying capacity of the earth, i.e. how much consumption and waste emission 

the earth can handle, and therefore be a factor that can decrease the Environmental impact 

(Arrow et al. 1995).  

 

When it comes to the STIRPAT model, there is no clear consensus on what variable should 

represent technology (York et al, 2003a,b). Essentially, any variable that impact per unit 

production could be included, which means that there are several ways of disaggregating the 

technology variable and interpreting a relationship between population, affluence and 

impact. That is, any driving force that can be motivated can be included in the model (York 

et al. 2003b). Shi (2003) and York et al (2003a,b) use two variables denoting technology: 

manufacturing output as a percentage of GDP and services output as a percentage of GDP. 

The basis of using these two variables is that technology can be explained with the difference 

in economic structure. A country with an extensive manufacturing part of GDP is proposed 

to be energy-intensive while a large service part of GDP suggests it is less energy-intensive. 

These two measures are consistent with previous research as technology in the STIRPAT 

formula often is described as a measure of energy intensity. Shi (2003) concludes that nations 
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with a large manufacturing sector have greater environmental impact whereas a large service 

part has a smaller environmental impact, measured in CO2 emissions. Energy intensity 

measures the amount of energy per unit of GDP and varies among countries. Having a lower 

energy intensity may imply the country is more efficient or that it focuses mainly on services 

(Bongaarts, 1992).  

3.2 Urbanization  

Jorgenson (2003) describes an urbanized region as an area where there is a large population 

in a relatively small area. His reasoning for why it would affect the environment was that 

with the help of economies of scale economic and industrial activity has been concentrated 

and thereby use more resources than available for the restricted area. He included 

urbanization in his regression and justified it by saying that biologically productive land was 

consumed in greater quantities in these areas. His conclusion was that increased urbanization 

leads to an increase in Ecological Footprint. Rees (1992) argues that as urbanization 

progresses we need to move away from the concept of cities as geographically discrete places 

and realize the land used by a city’s inhabitants can be located far away from the physical 

borders of the city. 
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4. Data  

The data type used for the analysis is panel data. It contains cross-sections between 155 

countries in a time-series from 1992 to 2012. Due to the issue of attrition some countries are 

missing data points for individual years. In order to maintain a large sample size, all available 

years will be included and the data is an unbalanced panel. To show that this is not a serious 

issue a robustness check with balanced data is also performed, in order to validate the results.  

4.1 Variables  

The following sections will include introductions to the dependent and independent variables 

as well as descriptions of the data and sources.  

4.1.1 Ecological Footprint 

The dependent variable, the Ecological Footprint, is a measure of human environmental 

impact. The EF has previously been limited in its availability to the public and therefore it 

has been relatively unused in regression analysis. Jorgensson (2003) and Texidó-Figueras and 

Duro (2015) are among the few who have used it and their application was different from 

the approach of this thesis. Whereas this thesis uses a large panel data set they focused on 

cross-section analysis and inequality. The Ecological Footprint data is supplied by the Global 

Footprint Network (2016). 

4.1.2 Population, Affluence and Technology 

All of the following independent variables are extracted from World Bank data. Population 

is measured by; Population ages 15-64 (percentage of total)(World bank, 2017d), a measure 

we chose based on Texidó-Figueras and Duro (2015) and Zagheni (2011). Zagheni’s 

argument that a large working-age population share will lead to increased consumption is 

applicable in this study since we’re looking at the environmental impact. Using total 

population, as suggested by York et al (2003a), can be valuable but focusing on the working-

age population opens for more applicable results. The working-age population share is the 

share with the highest income and therefore the largest consumers (Zagheni, 2011). If it is 

proven that the size of this share has an impact on the EF conclusions can be drawn about 

changes required in consumption behavior rather than changes in population size. This is a 

more realistic suggestion than using total population and suggesting population control 

should be implemented. Recall how Ehrlich and Holdren (1971) argued that an increase in 
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population would lead to an increase in environmental impact. The solution they proposed 

was population control.  

 

Affluence will be measured by GDP per capita (constant 2010 US$) (World bank, 2017b). 

This is supported by e.g. York et al. (2003a), Commoner et al. (1971) and Texidó-Figueras 

and Duro (2015). Although Dietz and Rosa (1994) were opposed to using GDP per capita 

we are interested in the effect income has on environmental impact and therefore see no 

point in using an alternative measure. Technology is the most difficult variable to define since 

it can be disaggregated in so many ways. The way the IPAT framework defines technology 

is a measure of energy intensiveness, and therefore we will use manufacturing, value added 

(percentage of GDP)(World bank, 2017c) and services etc, value added (percentage of GDP) 

(World bank, 2017e). Services etc. include personal services such as education, health care, 

and real estate as well as government, transport, financial and professional services. Using 

these measurements also removes the issue that technology may be represented both in the 

Ecological Footprint and as an independent variable, as the EF accounts for the different 

productivity levels of countries and land types.  

4.1.3 Urbanization and Income groups 

The control variables that will be included in the regression are urbanization and income 

groups. Urbanization will be defined by Urban population share (percentage of total), also 

from the World Bank (2016f). Jorgenson (2003) proposed that an urbanized area will have a 

greater negative impact on the environment than an area with a less concentrated population. 

In addition to the GDP per capita measure we have chosen to use in our regression we will 

add the income groups proposed by the World Bank (2017) as dummies. The World Bank 

calculates the income per capita for each group on a yearly basis. In order not to stick every 

country into a specific group for year 1, the countries have been calculated to each 

appropriate group for each year e.g. China was a lower middle income country in 2009 but a 

higher middle income country in 2010.  

4.2 Expected Results 

Given the research discussed in the theoretical framework we expect an increase in affluence 

to lead to an increase in the EF, since increased income is consistent with increased 

consumption. Increased consumption is a strain on the environment as it increases the 

demand for resources. The expected result of an increase in the working-age population 
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share is an increase in the EF as the working-age population is the share of the population 

with the largest consumption. When there are more people using the earth’s finite resources 

the environmental impact is expected to be greater. Technology is a hard variable to interpret 

as it can have an ambiguous effect on the Ecological footprint. The expected results are 

therefore divided into two different distinctions, manufacturing and services. A large 

manufacturing sector is expected to have a greater positive impact on the EF than a large 

service sector, because it is associated with a greater energy-intensity than services. Services 

are not as energy-intensive and may therefore use less resources. Services are however 

expected to also have a positive effect on the Ecological footprint, although smaller than a 

large manufacturing sector. 

Table 1 - Expected results 

Variable Definition Expected 
effect 

Working-age population  
(% of population) 

The population aged 15-65 divided by the 
total population. 

+ 

GDP per capita Measure of the total output of a country, 
gross domestic product (GDP), divided by 
the size of the population.  

+ 

Technology   
Manufacturing value added  
(% of GDP) 

The contribution to GDP by the 
manufacturing sector, divided by the total 
GDP. 

+ 

Service value added  
(% of GDP) 

The contribution to GDP by the services 
sector, divided by the total GDP. 

+ 

Urban population 
(% of population) 

The population inhabiting urban areas 
divided by the total population. 

+ 

 

4.3 Descriptive Statistics 

Due to the vast variety in the sample, large differences between the maximum and minimum 

values are to be expected in all variables. All countries of the world have different 

circumstances and are at different levels of development. If the analysis had been on e.g. only 

high income countries then the large spread of values would be of greater concern. Given 

the data on 155 countries this wide array is not worrisome, but an indication that the world 

is a diverse mix of countries. The countries with significantly greater Ecological Footprints 

are the Seychelles and Luxembourg, with values varying between 22 and 15.1  

                                                
1 In section 6.2 a robustness check is performed on balanced data. This data set does not include the 
Seychelles or Luxembourg and show that they do not have a significant effect on the result as the robustness 
check indicates the result from the regression run on the unbalanced panel hold.  
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Table 2 - Descriptive Statistics 

  Mean  Median  Maximum  Minimum 
 Std. 
Dev. 

Ecological Footprint (gha) 3.18 2.42 22.01 0.39 2.47 
Working-age population (% of total 
population) 61.03 61.94 85.45 45.92 6.79 
GDP per capita (constant 2010 US$) 10734.69 3491.56 110001.10 160.32 16442.66 
Manufacturing (% of GDP) 14.21 14.04 43.54 0.24 7.16 
Services (% of GDP) 55.14 55.81 87.37 12.87 14.08 
Urban population (% of total population) 51.79 52.21 100.00 6.29 22.86 
N = 3007 		 		 		 		 		
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5. Method 

The method section includes the model and the econometric method. The Econometric 

method is a detailed description of the approach to our regression as well as the issues 

encountered in the process. 

5.1 Model  

                       Equation 3 

log	(𝐸𝐹>?) = 	b@ + bAlog	(𝑃𝑂𝑃>?) + bClog	(𝐺𝐷𝑃>?) + bFlog	(𝑀𝐴𝑁>?) + bIlog	(𝑆𝐸𝑅>?)

+ bLlog	(𝑈𝑅𝐵>?) + bO𝐿𝑀𝐼> + bQ𝑈𝑀𝐼> + bR𝐻𝐼> + u>? 

…where  

EF is the Ecological Footprint of consumption per capita. 

POP is population ages 15-64 (percentage of total population). 

GDP is GDP per capita (constant 2010 US$). 

MAN is manufacturing, value added (percentage of GDP). 

SER is services, etc, value added (percentage of GDP). 

URB is Urban population (percentage of total population). 

LMI is a dummy for the lower middle income group. 

UMI is a dummy for the upper middle income group. 

HI is a dummy for the high income group.2 

5.2 Econometric Method  

When plotted, the data shows signs of non-stationarity, meaning means and variances are 

not constant over time. To remove this issue of non-stationarity, resulting in a skewness in 

the normal distribution, the variables will be logged. After logging our variables they still 

don’t pass the Jarque-Bera test for normality although the histogram shows signs of 

improvement. Given the sensitive nature of normality tests we conclude the residual to be 

normally distributed based on a visual inspection (Appendix 1 & 2) and the large sample size. 

Based on the central limit theorem you can conclude that in a large sample size the t and F 

tests are still valid (Gujarati & Porter, 2009). Logging the variables also enables interpretation 

in percentage change. When running a regression with all variables included, a Hausman test 

indicated that a fixed effects model, FEM, was suitable and the model we use is a least-

squares dummy variable model, LSDV. Using a LSDV model enables us to use dummies. 

                                                
2 The dummies take on the value of 1 if the country is in the suggested income group, and 0 if not. 
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To avoid the dummy trap one of the dummies, denoting the low income group, is removed. 

To account for the issue of attrition we compromise and use an unbalanced panel3, meaning 

the observations are not evenly spread over the 21 time periods used in the sample. We began 

by setting up a correlation matrix, including all variables (Appendix 3). The main points of 

potential worry was in our case correlation between the services measure and GDP per 

capita, as well as the more obvious correlation between GDP per capita and the different 

income groups. A country with a high GDP per capita tends to have a large services sector, 

and GDP per capita as well as the income groups are both measures of affluence. That means 

that income groups, based on GNI, and GDP per capita, will explain the same thing. The 

correlation matrix showed signs of correlation between GDP per capita and the income 

groups, but services do not show an alarming value with GDP. Due to the multicollinearity 

expected (Gujarati & Porter, 2009) between GDP per capita and the income groups, the next 

step was to compute the Variance Inflation Factor, VIF (Texidó-Figueras & Duro, 2015; 

York et al, 2003a). The largest VIF values were detected for the different variables indicating 

GDP, the highest at 13, which is a sign of severe multicollinearity. The output and VIF’s of 

the regression with all variables included can be found in Appendix 4. To avoid 

multicollinearity we ran 2 separate regressions. By doing so we achieved much lower level 

VIF’s and consider the issue of multicollinearity removed as no values exceed the commonly 

used rule of thumb of 10 (O´Brien 2007). 

  

                                                
3 A list of the countries included in the unbalanced panel can be found in Appendix 5. 
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6. Empirical Result 

6.1 Results 

Table 3 shows the results of our regressions. Further description of the regressions can be 
found below.  
 
Table 3 - Unbalanced Panel Least Squares results for Ecological Footprint (1992-2012) 

Dependent variable:          
Log Ecological Footprint Regression 1 Regression 2 

  coefficient VIF coefficient VIF 
Log working-age population 1.22*** 2.88 1.62*** 2.86 
  (12.18)   (15.69)   
Log GDP per capita 0.34*** 3.57 -   
  (39.99)       
Log manufacturing -0.10*** 1.26 -0.12*** 1.26 
  (-8.43)   (-9.60)   
Log services 0.12*** 1.40 0.10*** 1.51 
  (4.52)   (3.58)   
Log urban population 0.01 2.18 0.14*** 1.97 
  (0.25)   (7.91)   
Lower middle income - 		 0.31*** 2.24 
    		 (13.54)   
Upper middle income - 		 0.65*** 3.07 
    		 (21.70)   
High income - 		 1.14*** 4.26 

      (33.06)   
N=3007         

R-sqaured 0.74 0.72 
Adj R-squared 0.74 0.72 

*p ≤ 0.1; **p ≤ 0.05; ***p ≤ 0.01         
The values in parantheses are t-statistics 		 		 		 		

 
 
Regression 1 excludes the income groups in an attempt to remove the multicollinearity 

between income groups (that are divided on the basis of gross national income, GNI) and 

GDP per capita. It has significantly smaller VIF values than the regression including all 

variables and this is an indication that the multicollinearity issue has been removed. All 

variables but Urban population share (percentage of total) are significant at a 1% level of 

significance. The results say that working-age population share, GDP per capita and services 

have a positive effect on the Ecological footprint whereas manufacturing has a negative 
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impact. The R2 indicates a good fit of the model with a value of 0.74 (adjusted R2: 0.74). In 

order to see the effect of the income groups a second regression was run.   

 

Regression 2 includes all variables but GDP per capita. All variables are significant at a 1% 

level of significance and working-age population share, services, urban population share as 

well as the income groups have positive relationships with the EF while manufacturing has 

a negative relationship. The VIF’s are overall low but higher for the different income groups 

which is expected since they all are measures of income and should not be seen as a concern. 

The R2 is 0.72 (adjusted R2 0.72), which is just as in the previous regressions a sign of a good 

fit. The somewhat lower value than regression 1 can be an indicator that GDP per capita 

explains more of the Ecological Footprint than the income groups.  As GDP is a continuous 

variable this can be expected as it provides a more precise measure than the income groups. 

6.2 Robustness Checks 

In order to validate our result we present two robustness checks before we move on to the 

analysis. One way to check if the results hold is to use balanced data4 instead of the earlier 

proposed unbalanced data. Balanced data lowers the number of observation as a country 

lacking data in just one of the sample years will be excluded for the entire regression. There 

are 3007 observations in the unbalanced panel and this number drops to 2058 in the balanced 

panel. Although this is a large loss the sample size is still of significant size. The output, seen 

in table 4 below, suggests that the findings from the unbalanced panel hold. The R2 as well 

as adjusted R2 are still very high in the balanced data and the overall impression is that the 

unbalanced model is accurate.  

 

 

 

 

 

 

 

                                                
4 A list of the countries included in the balanced panel can be found in Appendix 6. 
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Table 4 - Balanced Panel Least Squares results for Ecological Footprint (1992-2012)  

Dependent variable:      
Log Ecological Footprint Regression 1 Regression 2 

  coefficient coefficient 
Log working-age population 1.07*** 1.18*** 
  (9.14) (9.97) 
Log GDP per capita 0.32*** - 
  (32.16)   
Log manufacturing -0.18*** -0.19*** 
  (-12.76) (-13.21) 
Log services 0.10*** 0.09** 
  (2.78) (2.38) 
Log urban population 0.07*** 0.17*** 
  (3.52) (8.51) 
Lower middle income - 0.44*** 
    (17.17) 
Upper middle income - 0.71*** 
    (21.23) 
High income - 1.25*** 

    (30.69) 
N=2058     

R-squared 0.77 0.77 
Adj R-squared 0.76 0.76 

*p ≤ 0.1; **p ≤ 0.05; ***p ≤ 0.01     
The values in parantheses are t-statistics 		 		

 

A second Robustness check is performed by excluding all measures of GDP from the 

regression. Suspecting the EF and GDP per capita include many of the same measures, as 

EF is based on consumption, we want to see how excluding affluence affects the overall fit 

of the test. The output from regressing the EF on working-age population share, 

manufacturing, services and urban population share can be found in appendix 7. The results 

indicate that the remaining variables have a significant and relatively large impact on EF, with 

a R2 of 0.61 (adjusted R2 0.60), compared to the full model with R2 0.74 (adjusted R2 0.74).  
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7. Analysis of Results 

7.1 Population 

The results from the regressions indicate that population, in our case represented by the 

working-age population share, has a positive relationship with the Ecological Footprint. This 

is consistent with the expected results and previous research (Dietz and Rosa 1994; Shi 2003; 

York et al 2003a,b). Population being one of the greatest contributors to environmental 

impact dates back to Ehrlich and Commoner (1971). The output shows that an increase in 

the size of the working-age population share (percentage of total population) would lead to 

an increase in the EF. This relationship holds in regression 2 (excluding GDP but adding the 

income groups) as well. Considering life cycle patterns the working-age population is 

expected to have a large impact. People aged 15 to 64 are responsible for a large part of 

society’s consumption and should therefore have a large need for productive land. This is 

because they are the part of the population that tend to have a higher income, in comparison 

to those under the age of 15 or over 64. This allows them to consume more. Our control 

variable urban population share (percentage of total) is significant in regression 2 and 

indicates a positive relationship with the EF. This implies that when a country undergoes 

urbanization the EF per capita of the nation will increase.  

7.2 Affluence 

The results indicate that GDP per capita has a positive relationship to the EF. An increase 

in GDP per capita leads to an increase in the EF. The results match our proposed outcome 

as well as previous research. It is reasonable to argue that higher GDP per capita would lead 

to more consumption since the consumption pattern may change as income increases. Not 

only will demand increase but there can also be a shift in consumption patterns. Instead of 

buying inferior goods and normal goods consumption will shift towards luxury goods. Rather 

than taking the bus one may buy a car, instead of eating vegetables ones diet may be shifted 

towards more meat. Both of these examples are more ecologically demanding products and 

explain why increased income would result in a larger Ecological Footprint. The lifestyle that 

comes with an increase in affluence may also lead to new areas of consumption such as 

airplane travel, which has a large environmental impact. At a lower level of affluence an 

individual will not have the means to impact the environment as much as someone with a 

higher income. The entirety of this effect can however not be attributed to the shift towards 

luxury goods alone, but must also account to quantity. Luxury goods should not be assumed 
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to have a larger or smaller impact on the environment than inferior goods. Organic products, 

often marketed as environmentally friendly, which could be categorized as luxury goods can 

have an even greater impact on the environment than the inferior substitute. At the same 

time products that do truly have a smaller environmental impact may be more expensive as 

they are newer to the market and the production has yet to achieve economies of scale. This 

shows that the effect affluence has on the EF should be attributed both to the consumption 

pattern and the quantity. This result is also consistent with the dummy variables included in 

the regressions. The income groups are based on GNI which is also a measure of affluence. 

All income groups show a positive relationship in regard to the EF. The lower middle income 

group has the smallest impact and the high income group has the largest impact on the EF. 

This implies that a nation with a lower GNI will have a smaller Ecological footprint per 

capita. This appears inconsistent with the EKC, which states that environmental impact 

should decline as a country passes a certain income per capita. The case could also be that 

the countries included in our data set have not yet reached the peak level. Instead our result 

suggest higher income countries have a larger impact on the environment than low income 

countries. This proposes that there is a positive relationship between income and 

environmental impact rather than the inverted U-shape of the EKC.  

7.3 Technology 

Due to the different effects of technology on the EF previously described, this variable is 

somewhat harder to analyze. The expected results were that a large manufacturing sector 

would lead to a large ecological footprint and that a large service sector would have a smaller 

Ecological Footprint than manufacturing. This is however not the results we obtained from 

our regressions. An increase in manufacturing would lead to a decrease in the EF. 

Manufacturing having a negative relationship with the EF is an interesting contrast to 

previous research. This may be because the EF contributes manufacturing not to the country 

that produces it but rather to the country that consumes it. As it accounts for trade, goods 

that are exported are transferred to the Footprint of the importing nation. An increase in the 

service sector would lead to an increase in the Ecological Footprint. This being a positive 

relationship is a contrast to the relationship between manufacturing and EF. An explanation 

could be that countries with higher income often have a greater service sector than 

manufacturing as they import a majority of their consumption. A large service sector is 

therefore consistent with a high EF and may be because of the distortion from a country 

consuming a great amount of manufactured products but only producing services. If the 
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goods they consume had been produced by themselves then the manufacturing sector would 

have been larger but as the Ecological Footprint contributes consumption to the consuming 

country rather than the producing country this is not reflective in the data. Using Sweden as 

an example, they consume manufactured products from their own sector as well as from 

other countries’ sectors. If all of these goods had been manufactured in Sweden then their 

manufacturing sector would have been larger than it is in proportion to the service sector. 

This relationship may seem surprising, but similar results have been obtained previously. 

Texidó-Figueras and Duro (2015) discuss how the EF is consumption based and having a 

large industrial sector does not necessarily mean that consumption is higher than if the 

country had a large service sector.  

 

In conclusion, the technology variables become somewhat distorted when using the EF as 

the dependent variable. A large manufacturing sector tends to be associated with a low 

income country where consumption is small in relation to the other scenario, which is a high 

income country with a small manufacturing sector and large consumption.  
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8. Conclusions 

Significant relationships between population, affluence, technology and the Ecological 

Footprint exist. As working-age population share and affluence increase, the EF becomes 

larger whereas an increase in services or manufacturing have ambiguous effects.  

Since one of the largest contributors to the EF is the working-age population share it appears 

necessary for something to be done with the consumption pattern of this section. The 

working-age population share has this major effect as it is the part of the population with the 

greatest income. With more income, consumption can be expected to rise. This is consistent 

with GDP per capita having a large effect on the EF as well. Consuming at the current level 

is not sustainable since it requires a lot of resources from our finite earth. This vast use of 

resources is a large stressor on the planet. Actions that could relieve some of this pressure 

include using renewable power sources, recycling, minimizing waste and using public 

transport. These are all proposed changes in consumer behavior and it is therefore hard to 

come up with policy implications. Subsidies for sustainable projects as well as lower taxes on 

products that have a smaller impact on the environment than their substitutes are some of 

the changes we propose. We believe actions as to change the consumer behavior of the 

working-age population can be fruitful as they have a direct impact on the rest of the 

population. They will transition into the older share of the population and if they are aware 

of the unsustainable nature of their current consumption pattern, then we can expect them 

to act more sustainable in the future. They are also responsible for raising the younger share 

of the population. This implies that they will pass on their knowledge on how to live more 

sustainable to those who will become the working-age population in the future. 

As far as technology goes it’s hard to make conclusions. As previously mentioned a country 

with an extensive manufacturing part of GDP is proposed to be energy-intensive while a 

large service part of GDP suggest it is less energy-intensive. This will however be challenged 

in a globalized world. Using a measure that contributes environmental impact to the country 

that consumes the goods rather than produces them enables a more just interpretation. It 

implies that a country with large production can have a smaller impact on the environment 

than a nation that produces very little but imports a lot. In a globalized world consideration 

must be taken in regard to consumption rather than production. If not, countries could 

continue their current consumption at the cost of other countries. An interesting point can 
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also be that technology is becoming more environmentally friendly, that emission rates are 

diminishing and the use of recycled materials is increasing. The implication of this is that 

manufacturing is becoming a smaller strain on the environment.  

A final remark is that an Ecological Footprint will always exist, it is the sum of the total EF 

in comparison to the carrying capacity of the earth that is important. We see several fields 

where further research in the Ecological Footprint can be done. One enticing approach 

would be comparing the EF to the carrying capacity of the earth, which would enable one to 

see if the size of the EF is actually environmentally sustainable or not. Another aspect could 

be to investigate how monetary inequality affect the EF. This could raise an interesting 

remark and potentially be an asset for future policymaking. Furthermore, more extensive 

research could be done on the effect of different income groups. By performing multiple 

regressions one could see if a variable has the same effect through all groups. Using the 

income groups, or including a quadratic term for GDP would also enable further 

interpretation of the EKC. 
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10. Appendix  

Appendix 1 - Histogram Level Variables 

 
Appendix 2 - Histogram Logged Variables 

 
 

Appendix 3 - Correlation Matrix 

 

  POP GDP MAN SER URB LMI UMI HI 
POP 1.00 0.52 0.33 0.43 0.62 -0.08 0.26 0.52 
GDP 0.52 1.00 0.11 0.45 0.59 -0.30 -0.08 0.83 
MAN 0.33 0.11 1.00 0.01 0.28 0.09 0.01 0.12 
SER 0.43 0.45 0.01 1.00 0.43 -0.05 0.20 0.44 
URB 0.62 0.59 0.28 0.43 1.00 -0.09 0.22 0.53 
LMI -0.08 -0.30 0.09 -0.05 -0.09 1.00 -0.32 -0.34 
UMI 0.26 -0.08 0.01 0.20 0.22 -0.32 1.00 -0.27 
HI 0.52 0.83 0.12 0.44 0.53 -0.34 -0.27 1.00 
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Appendix 4 - Unbalanced Panel Least Squares (1992-2012) 

 

Dependent variable:  
Log Ecological Footprint Regression 3 

  coefficient VIF 
Log working-age population 1.22*** 3.03 
  (12.01)   
Log GDP per capita 0.25*** 12.32 
  (16.41)   
Log manufacturing -0.10*** 1.27 
  (-8.52)   
Log services 0.10*** 1.51 
  (3.68)   
Log urban population 0.03 2.28 
  (1.59)   
Lower middle income 0.06* 3.29 
  (2.35)   
Upper middle income 0.17*** 6.28 
  (4.13)   
High income 0.34*** 13.63 

  (5.69)   
N=2058     

R-sqaured 0.75 
Adj R-squared 0.75 

*p ≤ 0.1; **p ≤ 0.05; ***p ≤ 0.01     
The values in parantheses are t-statistics 		 		

 
Appendix 5 - Countries included in unbalanced panel 

Afghanistan Denmark Lesotho Saudi Arabia 

Albania 
Dominican 
Republic Lithuania Senegal 

Antigua and Barbuda Ecuador Luxembourg Serbia 
Argentina Egypt, Arab Rep, Macedonia, FYR Seychelles 
Armenia El Salvador Malawi Sierra Leone 
Australia Equatorial Guinea Malaysia Singapore 
Austria Estonia Maldives Slovak Republic 
Azerbaijan Fiji Malta Slovenia 
Bahamas, The Finland Mauritania South Africa 
Bahrain France Mauritius Spain 
Bangladesh Gabon Mexico Sri Lanka 
Barbados Gambia, The Micronesia, Fed, Sts, St, Lucia 

Belarus Georgia Moldova 
St, Vincent and the 
Grenadines 
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Belgium Germany Mongolia Suriname 
Belize Ghana Montenegro Swaziland 
Benin Greece Morocco Sweden 
Bhutan Grenada Mozambique Switzerland 
Bolivia Guatemala Myanmar Tajikistan 
Bosnia and 
Herzegovina Guinea Namibia Tanzania 
Botswana Guyana Nepal Thailand 
Brazil Honduras Netherlands Timor-Leste 
Brunei Darussalam Hungary New Zealand Togo 
Burkina Faso India Nicaragua Tonga 
Burundi Indonesia Niger Trinidad and Tobago 
Cambodia Iran, Islamic Rep, Nigeria Tunisia 
Cameroon Ireland Norway Turkey 
Canada Italy Oman Uganda 
Central African 
Republic Jamaica Pakistan Ukraine 
Chad Japan Panama United Kingdom 
Chile Jordan Paraguay United States 
China Kazakhstan Peru Uruguay 
Colombia Kenya Philippines Uzbekistan 
Comoros Kiribati Poland Vanuatu 
Congo, Dem, Rep, Korea, Rep, Portugal Venezuela, RB 
Congo, Rep, Kuwait Qatar Vietnam 
Costa Rica Kyrgyz Republic Romania Yemen, Rep, 
Cote d'Ivoire Lao PDR Russian Federation Zambia 
Croatia Latvia Rwanda Zimbabwe 

Cyprus Lebanon 
Sao Tome and 
Principe - 

 
 

Appendix 6 - Countries included in balanced panel 

Antigua and Barbuda Cyprus Malawi South Africa 
Argentina Denmark Malaysia St. Lucia 

Armenia 
Dominican 
Republic Malta 

St. Vincent and the 
Grenadines 

Australia Ecuador Mauritania Swaziland 
Austria Egypt, Arab Rep. Mauritius Sweden 
Bahamas, The El Salvador Mexico Switzerland 
Bangladesh Fiji Mongolia Tajikistan 
Barbados Finland Morocco Tanzania 
Belarus France Mozambique Thailand 
Belize Germany Namibia Togo 
Benin Ghana Netherlands Tonga 
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Bolivia Grenada New Zealand Trinidad and Tobago 
Botswana Guinea Niger Tunisia 
Brazil Guyana Norway Turkey 
Burkina Faso Honduras Oman Uganda 
Cameroon India Pakistan Ukraine 
Central African 
Republic Indonesia Panama United Kingdom 
Chad Italy Peru Uruguay 
Chile Japan Philippines Vanuatu 
China Jordan Romania Venezuela, RB 
Colombia Kenya Rwanda Vietnam 
Comoros Kiribati Saudi Arabia Yemen, Rep. 
Congo, Rep. Korea, Rep. Senegal Zambia 
Costa Rica Lao PDR Sierra Leone - 
Cote d'Ivoire Lesotho Singapore - 

 
Appendix 7 - Robustness Check: Balanced Panel Least Squares 

Dependent variable:    
Log Ecological Footprint Regression 3 
  coefficient 
Log working-age population 3.51*** 
  (34.46) 
Log GDP per capita - 
    
Log manufacturing -0.19*** 
  (-12.78) 
Log services 0.47*** 
  14.75) 
Log urban population 0.35*** 
  (17.17) 
Lower middle income - 
    
Upper middle income - 
    
High income - 

    
N=2058   

R-sqaured 0.61 
Adj R-squared 0.60 

*p ≤ 0.1; **p ≤ 0.05; ***p ≤ 0.01   
The values in parantheses are t-statistics   

 


