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Abstract 

The purpose of this thesis is to first determine if there is a relationship between GDP 

per capita and equatorial distance. The scientific method being used is multiple 

linear regression with GDP per capita as the dependent variable and latitude as the 

primary independent variable. Furthermore, additional explanatory variables are 

included because of their importance to GDP per capita and connection to latitude. 

This is done by using a sample of 99 countries during the time period 1991-2006. 

The results show that there is a strong relationship between distance from the 

equator and GDP per capita with some explanation being provided with the help of 

empirical studies.  
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1 Introduction 

1.1 Background 

Geographical distance, or rather equatorial distance, is the distance measured from 

the equator to a country. The method of measuring equatorial distance is by using 

latitude. The distance is our primary focus in this thesis because it is this variable 

that will be mainly examined if it has an effect on GDP per capita. There are many 

other factors that affect GDP per capita. The example of improper healthcare is often 

true for poorer countries. Furthermore, these countries can often be found in Africa 

and South America, which is close to the equator. GDP does not take into account a 

country's population. This means that GDP can sometimes be misleading because a 

“poor country” can have higher GDP just because it is bigger. That is why it is better 

to use GDP per capita instead. In this thesis a multiple linear regression will be used 

to run several regressions with GDP per capita as the dependent variable and 

latitude as the primary independent variable. The proposition is that latitude will be 

strongly correlated with GDP per capita. 

1.2 Purpose & Questions 

This thesis seeks out to first establish the relationship between equatorial distance 

and GDP per capita and then presenting some factors which can explain this 

connection.  

  

●      Using multiple linear regression, can one find a positive effect between 

distance from the equator and GDP per capita? 

●      What are some underlying factors that can explain this relationship? 
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1.3 Limitations 

When choosing timeframe, it was important that it was a large enough time period to 

avoid inaccurate results, but still be manageable. We then settled with the time 

period 1991-2006 mostly for the convenience when it came to collecting data.  

We chose to study 99 countries (see Table A4 in Appendix) which makes it 1584 

observations. This should give us a large enough sample to draw conclusions from, 

and all the data was available for these countries.  

1.4 Theory 

Weil (2012) argues that a corrupt government can lead to lower income for nations, 

but he also argues that we can say the same about poor income leading to a bad 

government. We cannot be sure which affects the other and the same can be said 

about equality and culture. Instead of focusing on this we can take a look at the 

geographical reasons since they are immune to this fundamental problem. There is a 

case to be made about the effect latitude has on a country's GDP per capita. In 

figure 1, we can better see this relationship. 

 

Figure 1 
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Figure 1 illustrates that the further away from the equator a country is the higher 

GDP per capita that country has (with some outliers). It is worth noting that this 

particular relationship does not have any risk of reverse causation because 

becoming rich does not have an effect on latitude (Weil 2012, p. 432). 

One strong link equatorial distance has with a country is the climate. That aspect is 

most important when looking at a country's geography. The seasonal temperature, 

winds and cloud cover are all affected by the climate. It is important to note that 

climate is not only affected by latitude, even if that is one of the bigger reasons. 

When looking at different climates zones one can see a difference in wellbeing. The 

tropical regions are generally poor and the subtropical follows the same pattern. 

Once we move to more temperate regions it changes to higher GDP per capita. This 

shows a strong link between climate and GDP per capita. It is argued that climate 

has an effect on productivity and agriculture. The human factor in output that is often 

measured in labor also changes with the climate. The tropical regions are often 

dominated by disease which in turn affects the workforce (Weil 2012, pp. 442-444). 

Agriculture also has a big effect on GDP because it is also necessary for survival. In 

2009, 35% of the world employment was in agriculture. There are some differences 

in temperate and more tropical regions when it comes to the relation between 

latitude and GDP per agricultural worker. “The range of data is enormous, with 

workers in wealthy, temperate countries producing as much as 300 times the 

agricultural output of workers in poor, tropical countries” (Weil 2012, p. 444). Even 

though the poor countries might have larger agricultural areas than the wealthier 

ones they are still not as effective. It could be because of climate factors but also to 

the work of heavy machinery and fertilizers. Other reasons for this inefficiency could 

be due to the different governments in tropical and non-tropical regions. 

Nevertheless, even when looking at other factors than the climate, it still shows a 

lower output from tropical regions in contrast to temperate ones. It is true that tropical 

regions have heavy rainfall and much greenery. Furthermore, the growing seasons 

are longer than temperate countries. The problem is that this also comes with 

disadvantages. Bad rain patterns make it difficult for farmers to grow crops (Weil 

2012, pp. 444-445). 
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It was mentioned earlier that disease will have an impact on the human factor in 

production and lead to lower output. People that are healthy are capable of working 

longer and better than someone that is sick. The correlation between health and 

GDP per capita is strong. Health can be measured as life expectancy because the 

healthier a person is the more likely they will survive longer. The correlation can be 

explained by different reasons, one of them is that richer countries can have more 

resources put into health (hospitals, medicine) which indicates that they have high 

GDP per capita. But when looking at the geographical factors one can also make the 

connection that health environments (like air, soil and water) also has an effect on 

wealth. Better health environments lead to healthier people which in turn will lead to 

better workers that produce more output. There is evidence that shows that tropical 

regions have more diseases like yellow fever and malaria (Weil 2012, p. 446). 

1.5 Previous studies 

In a previous study written by Masters and McMillan (2001) new evidence was found 

that temperate nations have seen significantly more growth than tropical ones. In 

their paper, they first show how real per-capita incomes for countries were low until 

they reached about 30 degrees in latitude. Above 40 degrees it was consistently 

high. Later, it shows that temperate countries have seen significant higher economic 

growth than tropical ones. The explanation is that climate is one of the factors to 

these differences. The authors show this by introducing the variable frost in the 

regression equation. Frost is something that warmer climates naturally do not have 

and they hypothesized that this would affect the income levels. Because frost kills 

certain organisms that have a negative effect on agriculture and health such as 

pests, pathogens and parasites (Masters & Mcmillian 2001). 

One model that explains economic growth and prosperity is the Solow Model, named 

after Robert Solow. Solow worked on a theory in the early 1950s to give a better 

understanding to why some countries had higher economic growth than others. The 

results could be narrowed down to a production function that was simple and easy to 

understand but still relevant when trying to understand the complexity of the real 

world. Two main factors were capital and labour. Capital in the form of factories, 

machinery and labour as the human workforce. Solow also meant that technological 
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progress would be a big part to increasing productivity, which in turn would lead to a 

higher output. One distinctive feature in the traditional Solow model was that if one 

would double the input then output would also be doubled. However, if one input 

would be held constant while doubling the other then output would actually yield less 

than double the output. It is called the law of diminishing returns (Solow 1956). The 

Solow model is still relevant in modern economics. It is regarded as a base model for 

determining economic growth; capital, labour and technological advancement as the 

main forces that drive economic growth. This model will help us to better estimate 

the parameters of our variables since the model can be connected to labour 

participation.  

In another study written by Stringham (2015) the relationship between distance from 

the equator and GDP per capita is addressed. The author explains how “tropical” has 

become synonymous with “underdeveloped”.  He explains that consumption differs 

in wealthier countries and that this difference can be linked to latitude. The reasons 

for this is because colder climates have a higher need for consumption due to having 

to survive during the cold winter months. They need more heat from furnaces, more 

clothes and insulated homes. Furthermore, food and cars are also quite important in 

colder climates. In colder climates, more energy is needed to function properly and 

that is why they consume more food. Even cars become necessary for traveling 

short distances due to the discomfort walking or riding the bike would produce. 

Warmer climates also utilize cars but not as much as colder climates do. To meet 

these expectations, technological advancements become more mandatory in these 

regions. In conclusion, greater distance from the equator leads to colder climates 

which in turn makes for higher consumption of clothing, cars, food and fuel 

(Stringham 2015). By taking this study in regard, one can estimate fuel consumption 

by using the variable CO2. 

Kuznets (1955) studied the effects that environmental deterioration has on economic 

growth. In the research he developed a hypothesis that showed that economic 

growth initially will lead to a negative effect on the environment. However, as 

economic growth reaches a certain point then the effects on the environment will be 

reduced. This is known as the Environmental Kuznets Curve (EKC) which has an 

inverted U-shape that peaks at a certain point and then falls down (Kuznets 1955).  
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Geography has been regarded as an important factor to take into consideration 

when examining economic growth. In a paper by Gallup and Sachs (1999) they 

study the effects geography has on economic development. They see a pattern that 

tropical regions have seen lower growth than temperate regions and that ‘some of 

the explanations can be linked to disease and agricultural productivity that hinders 

tropical regions. Furthermore, they also show evidence that regions with availability 

to coastline and navigable rivers have an advantage relative to landlocked regions. 

Transportation costs are reduced, and it increases connectivity with the outside 

world, which is beneficial when it comes to trade. It was also more efficient to use 

rivers when transporting goods because one could transport a bigger amount of 

quantity than on the land. Even when the development of railways, air transport and 

automobiles was introduced as a means for transport the sea-based trade 

advantage still remains in modern times. This does not mean that landlocked 

countries will not also be able to reap the benefits of navigable rivers. Because the 

benefits of navigable rivers will lead to improvements in industries that will extend 

themselves to the inland of the country (Gallup & Sachs 1999). 

Natural resources impact on economic growth is a debated topic because it does 

seem that the literature present different results. This controversial topic was 

summarized in a study by Havranek, Horvath and Zeynalov (2016). The authors use 

a meta-analysis to analyze different perspectives in the scientific world to reach a 

conclusion. They find that primary studies do report different results with 40% finding 

no significant effect, 20% finding a positive effect and 40% that shows a negative 

relationship. Empirical studies call this the natural resource curse which many 

blames on the institutional quality of a nation or that some resources can lead to 

conflict. They later on run a regression which includes the variable natural resources 

and the results do show a negative impact on economic growth (Havranek, Horvath 

& Zeynalov 2016). 

Natural resources are disagreed upon when looking at empirical studies. Some say 

that natural resources have a negative effect on GDP per capita and call it the 

natural resource curse. Smith (2015) made a study that addressed this subject in 

depth and show evidence that the natural resource curse was not the answer. The 

paper examines natural resource discoveries since 1950 and its effect on GDP per 
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capita. The results show that there is a positive effect on GDP per capita that 

persists in the long run but that it is more concentrated in developing countries. 

When looking at the results in OECD countries there is a smaller effect. The author 

argues that some studies that present the opposite results often focus on a time 

span of a couple of years and include oil discoveries which can lead to conflict 

(Smith 2015). 
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2 Theoretical framework 

2.1 Gross domestic product (GDP) 

GDP is calculated mathematically by using the formula: 𝐺𝐷𝑃 = 𝐶 + 𝐼 + 𝐺 + 𝑁𝑋   

(1)  Consumption (C) is the total expenditure that domestic households have in 

the nation. Everything that is consumed shows up here but not when the 

money goes to different assets such as houses. 

(2)  Investments (I) is the market value of new physical capital. For example, 

residential houses, machines and factories. Macroeconomics say that only 

physical assets are to be taken in account in this category and not stocks 

or bonds. 

(3)  Government expenditure (G) refers to the market value of the goods and 

services by the government. Bridges, roads and traffic lights are examples 

of government expenditure. Furthermore, contributions such as social 

security or child support are also accounted for. 

(4)  The last category is usually two parts, exports and imports. When 

calculating net exports (NX) we take exports - imports. Exports are good 

and services sold to households, firms and agencies outside the nation 

where they are produced. Imports are the goods and services a nation's 

households; firms and agencies buy from outside the country. (Acemoglu, 

Laibson and List, 2019, p.488f) 

  

2.2 GDP per capita and real GDP per capita 

GDP per capita measures a country's economic output for the number of people. 

The GDP per capita is a way of narrowing the GDP down to the number of people 

living in the country.  The calculation is simple, take the GDP and divide it by the 

country population. To this thesis it will be important to state that the geographical 
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distance does not necessarily affect the GDP per capita, the high latitude might have 

an effect on the weather and different working conditions. 

Real GDP per capita is the GDP of a given country divided by population and then 

adjusted for inflation, this measurement is more accurate. 

2.3 Variables 

As we know there are many variables that have an effect on GDP per capita but we 

must choose which are the most important and the most relevant to this thesis. The 

dependent variable will be GDP per capita, and the primary independent variable will 

be equatorial distance (see table 1). 

Table 1: Variable description 

Independent Variables Notation Measurement 

Equatorial distance  Lat Latitude 

Life expectancy  Life exp Years 

CO2 emission CO2 Kiloton 

Distance from centroid to 

nearest coastline   

Distc Kilometers 

Agriculture  Agr Kilometer2 

Death rate DR Per 1000 people 

Labour participation  LP % of total population 15-

64 

Natural resources Nat res % of GDP 
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Weil (2012) examined the effects latitude can have on GDP per capita and the 

results were that there is indeed a correlation between the two variables. It is clear 

that the consequences of latitude are what affects GDP per capita and not latitude 

itself. And as mentioned in section 1.4, this relationship is immune to the reverse 

causation problem, i.e. the latitude will not change if a country gets a higher GDP per 

capita. This variable will be important in the regression since it will put the 

groundwork for everything else. The estimate is that higher latitude will yield to 

higher GDP per capita. Agriculture was chosen because it is also a relevant variable 

to this study. This variable is measured in square kilometers and can change during 

different time periods. According to Weil, agricultural efficiency differs greatly 

between tropical and temperate countries and is important when estimating GDP per 

capita for this study. It can be connected to geographical factors and bring insight to 

how its effect differs between countries. Even when there is a bigger land mass of 

agriculture it can still produce less output than a smaller one. This could be due to 

the effectiveness of the workers and the technological advancement of a given 

country. As the Solow model also mentioned, technological advancement can lead to 

greater growth which means that the estimate for this variable can be negative. It 

was first discussed that bigger agriculture would yield a higher GDP per capita but 

because the tropical regions are not as effective in their work with agriculture then 

the output will also be relatively less than non-tropical regions.  

Life expectancy can show how the healthcare system in a country is lacking. When 

life expectancy increases it should give us a negative effect on GDP per capita. This 

is because there will be fewer young people to join the workforce and is also an 

indicator of poor healthcare. The argument could also be made that it is the GDP per 

capita that affects this variable because low income countries have worse health 

care. But, according to Weil, the health environment could also play a big role. He 

argued that tropical regions often suffer from diseases such as malaria and yellow 

fever which will lead to a negative effect on the country's population. But due to a 

high risk of multicollinearity with latitude it would be possible to swap this variable 

with death rate if necessary. Death rate also captures some aspects of life 

expectancy but is less optimal when determining the effect disease would have on a 

country. But nevertheless, it is estimated to have the same effect (negative) as life 

expectancy would have on GDP per capita. 
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Distance to coastline was chosen due to its impact on GDP per capita. It has long 

been known that trade is beneficial for prosperity. The common form of trade 

between nations is by transport across the ocean using boats. It is what connects the 

world together. In Adam Smith´s Wealth of nations (1776), he describes the 

advantages of settling near the seacoast and along the banks of navigable rivers. It 

is more effective to use ships when transporting goods on rivers rather than using 

other transports. The costs are lower and the amount of goods that is transported is 

larger. Even in modern times, this still holds true because imports and exports make 

up a big part of a country's GDP. Gallup and Sachs also studied this topic in 1999 

and also came to the same conclusions. Even when new ways of transportation 

were introduced, the navigable rivers still held an advantage and are still relevant 

when determining a country's economic growth. That is why we estimate this 

variable to have a negative parameter, which means that when distance to the 

coastline increases then GDP per capita will decrease.  

The variable distance to the nearest coastline is measured in kilometers and could 

cause a small problem when discussing the landlocked countries. An attempt to 

replace this variable into a dummy variable was made. However, it did not satisfy the 

regression, so it was then decided to not make the variable distance to coastline a 

dummy variable.  

CO2 per capita will be an indicator that reflects the amount of fuel consumption a 

country has. Stringham (2015) studied the relationship between fuel consumption 

and GDP per capita and hypothesized that countries with colder climates would have 

higher consumption in regard to tropical ones. This is because people in countries 

with colder climates are dependent on more clothing, more heat consumption and 

isolated houses. Furthermore, countries in colder climates are more dependent on 

transportation such as cars because it is more convenient than walking to locations 

due to the cold, even if it is close. This would in turn lead to higher CO2 per capita 

emissions, which is an indicator of consumption and this should increase GDP per 

capita. However, the Environmental Kuznets Curve from 1955 shows that the 

relationship between these two variables is an inverted U-shape instead. Kuznets 

meant that as countries grow richer, they will have a better relationship with the 

environment which would decrease environmental degradation. This seems to have 
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some evidence to support it because regulations to decrease pollution have been 

introduced. However, the time frame for this study is from 1991-2006 and even when 

looking at modern times there is still much room for improvement. That is why we 

estimate a positive relationship between Co2 and GDP per capita. 

Labour has always been an important factor for the economy. Without it, there would 

be no output. According to the Solow model an increase in labour would lead to a 

higher amount of output. This should mean that an increase in labour participation 

would also increase the overall GDP per capita. Capital and technological 

advancement also plays a role in this function because it would lead to more output 

when increasing labour. However, it was not optimal to include them because the 

data did not fit our regression and the time periods. The amount of labour could be 

less in tropical and subtropical regions because it is warmer and has more diseases, 

which could affect the workforce. However, it would have been interesting to take the 

total population to see if there were some differences. People in high-income 

countries tend to work approximately to the age of 70 and then retire while people in 

low-income countries often work much longer than that because they must. 

However, the chosen variable is from 15-64 and is estimated to have a positive 

effect on GDP per capita because a higher workforce leads to more output.  

Natural resources include natural gas, coal, minerals, oil and forest. The variable 

natural resources were included to fit in a variable that has a clear and direct effect 

on GDP per capita. According to Havranek (2016) this variable is disagreed upon 

when looking at empirical studies. There is a range of studies that show different 

results. Smith (2015) talked about this issue and found evidence that there was a 

positive effect. He argued that the studies which showed a negative effect often 

focused on the resource of oil and that resource often led to conflict. When including 

more natural resources one could determine that it was better for the economy. 

When the resources are used effectively then the economy would benefit greatly 

from it. That is why this variable is estimated to have a positive effect on GDP per 

capita. 
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3 Data 

The data of our dependent and independent variables was taken from the World 

Bank and Portland State University. The World Bank receives their data from 

statistical systems from country members and the quality depends on how well their 

national system works. The Department of Economics at Portland State University is 

a university located in the US that offers a wide range of data collection. The 

information we looked for was geographical data, and this type of data could be 

found in Portland state university's database and is retrieved from sites like the 

World Bank. (Portland State University, 2020) The data was provided at an online 

publication, which made it easy to retrieve. All the data was also available for the 

chosen time period; 1991-2006. The type of data is pooled cross section which 

means that there could be a problem with 2 of the variables. Latitude and distance to 

coastline are two variables that will not change in a country. This means that over 16 

years they will remain constant while the other variables change. This could lead to 

problems when interpreting the regression. That is why the regression will also be 

run at the variables mean value to decrease the number of data points of latitude 

and distance to coastline. Furthermore, this regression will be divided into 3 periods 

1991-1996, 1997-2001 and 2002-2006. In addition to this, a final mean regression 

between the chosen time frame 1991-2006 will also be included. This will show the 

differences that might occur between the periods. If the result shows a big difference, 

then it could imply that the results in the final regression is not trustworthy, because it 

could be affected by the chosen time period. 

In Table 2, we can see the summary statistic table of our data between 1991-2006 

for 99 countries; 
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Table 2: Summary statistic for the period 1991-2006 

Variables Min Max Avg value Standard deviation 

GDP per capita 138,4475 74148,32 8791,621 12239,3908 

Lat 0,422123 67,46999 27,21327 17,32104357 

Agriculture 0,466667 85,48737 40,86081 21,90583554 

Distance to coastline 7,79704 1855,69 285,9703 320,4109709 

CO2 183,35 5789727 160702,6 566866,1982 

Labour participation 40,137 89,433 66,35684 9,443955537 

Natural resources 0 52,15702 6,17453 9,132603977 

Death rate 1,497 26,159 8,633238 3,84879209 

Life expectancy 37,083 82,32195 68,56212 9,593297171 

 

3.1 Model 

In this thesis, it was known that multiple regression would be used since early on. 

Since a simple regression does not take in more than one variable and will be hard 

to use when answering the questions of this thesis due to the fact that many 

variables affect GDP per capita. 
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4 Empirical findings 

Because we had multiple variables it was determined that a stepwise regression 

would be most beneficial. By running multiple regressions then adding and 

transforming variables one could better see the changes that could occur and draw 

conclusions.  

 Regression 1  

The first result will be presented by a multiple linear regression to see the results and 

effect of the different variables on GDP per capita. The independent variables are 

listed in Table 3 with their coefficients. The regression equation can be presented as: 

𝐺𝐷𝑃 𝑃𝐶 = 𝐵0 + 𝐵1𝐿𝑎𝑡 + 𝐵2𝐴𝑔𝑟 + 𝐵3𝐷𝑖𝑠𝑡𝑐 + 𝐵4𝐶𝑂2 + 𝐵5𝐿𝑖𝑓𝑒 𝑒𝑥𝑝 + 𝐵6𝐿𝑃 

Table 3: Regression model 1 

Independent variables↓ GDP per capita 

Constant -37011.78*** (2410,95) 

Latitude 337.12*** (14,17) 

Agriculture -102.22*** (9,13) 

Distance to coastline -6.29*** (0,65) 

CO2 Emission 0.0041*** (0,0003) 

Life expectancy 275.09*** (26,87) 

Labour participation 347.67*** (20,16) 

Breusch pagan test 2.2e-16 

𝑅2 0.63 

Observations 1584 

P-value definition  ***p<0,01   **p<0,05   *p<0,1 

𝐺𝐷𝑃 𝑃𝐶 =  −37011.78 + 337.12𝐿𝑎𝑡 − 102.22𝐴𝑔𝑟 − 6.29𝐷𝑖𝑠𝑡𝑐 + 0.0041𝐶𝑂2 +

275.09𝐿𝑖𝑓𝑒 𝑒𝑥𝑝 + 347.67𝐿𝑃  
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The intercept shows a large negative value. This could be due to the fact that the 

variables latitude and distance to coastline are constant for each country during 

different time periods. In addition to this, the large quantity of observations could add 

to the problem because we have multiple datapoints on the same place. 

The R-squared of this regression has the value 0.63 which is a decent value 

meaning that 63% of the variance in the dependent variable is explained by the 

model.  

The first regression did meet most of our expectations. As we can read from Table 3 

all variables are highly significant, latitude has a strong relationship with GDP per 

capita. An additional increase in latitude by one unit will yield an increase in GDP per 

capita by 337.12, the coefficient is positive as predicted previously. The agriculture 

coefficient showed a negative relationship with GDP per capita, an increase with one 

unit in agriculture would lead to a decrease in GDP per capita with 102.22 units. The 

parameter distance to coastline also has a negative impact on the dependent 

variable. If distance to coastline would increase with one unit then GDP would 

decrease by 6.29 units. CO2 emission has a positive impact on GDP per capita. A 

one unit increase in CO2 would increase the dependent variable with 0.0041. Life 

expectancy shows a positive relationship as well to the dependent variable. If life 

expectancy would increase with one unit then GDP per capita would increase by 

275.09. The parameter labour participation shows a positive sign which is mentioned 

in the previous study and is reasonable to think. If labour participation would 

increase with one percent GDP per capita would increase by 347.67 units. All our 

variables are highly significant which makes the results more trustworthy. 

When studying Table A1 the correlation matrix (in Appendix) one could see a 

correlation of 0.57 between life expectancy and latitude, which could indicate 

multicollinearity. When running a variance inflation test (see Table A2 in Appendix) it 

showed that there was no multicollinearity. However, it was still determined that the 

variable could have a negative impact on the regression and was swapped with 

death rate instead in later regressions. The Breusch Pagan test indicates that the 

regression has heteroskedasticity. This indicates an unequal scatter in the residuals 

or error term. OLS assumes a constant variance between the error terms 

(homoscedasticity) and our estimates are not trustworthy if this is not the case. 
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Regression 2 

The second regression presented in Table 4, is very similar to the first regression 

presented in Table 3. The difference is that instead of life expectancy we chose to 

use death rate due to problems with multicollinearity. We expect the same 

parameters as the previous regression but with higher coefficients. This regression 

equation can be written as: 

𝐺𝐷𝑃 𝑃𝐶 = 𝐵0 + 𝐵1𝐿𝑎𝑡 + 𝐵2𝐴𝑔𝑟 + 𝐵3𝐷𝑖𝑠𝑡𝑐 + 𝐵4𝐶𝑂2 + 𝐵5𝐿𝑃 + 𝐵6𝐷𝑅 

Table 4: Regression model 2 

Independent variables↓ GDP per capita 

Constant -17157.99*** (1436,94) 

Latitude 423.58*** (11,43) 

Agriculture -118.89*** (9,37) 

Distance to coastline -8.59*** (0,61) 

CO2 Emission 0.0047*** (0,0003) 

Labour participation 349.73*** (21,32) 

Death rate -257.50*** (55,29) 

Breusch pagan test 2.2e-16 

𝑅2 0.62 

Observations 1584 

P-value definition  ***p<0,01   **p<0,05   *p<0,1 

𝐺𝐷𝑃 𝑃𝐶 = −17157.99 + 423.58𝐿𝑎𝑡 − 118.89𝐴𝑔𝑟 − 8.59𝐷𝑖𝑠𝑡𝐶 + 0.0047𝐶𝑜2

+ 349.73𝐿𝑃 − 257.50𝐷𝑅 

In this regression we noticed that the intercept is much lower. This could be because 

we have addressed the multicollinearity problem by replacing life expectancy with 

death rate.  
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The R-squared of this regression is one percentage point lower than the previous 

one but most coefficients have increased in value. This could be due to the fact that 

life expectancy was multicollinear.  

 

In this regression, we can see that all variables are still significant and there is a 

large coefficient change in latitude from the previous regression. The variable is still 

positive but has increased from 337.12 to 423.58. In other words, a one unit increase 

in latitude would increase GDP per capita by 423.58. Agriculture also showed a 

significant increase from the previous regression and is still negative. If agriculture 

would increase by one unit then GDP would decrease by 118.89. The parameter 

distance to coastline is negative as well and increased from 6.29 to 8.59. If distance 

to coastline increases with one unit then GDP per capita would decrease by 8.59 

units. CO2 emission shows a positive relationship to GDP per capita and has 

increased from the previous regressions value 0.0041 to 0.0047. If CO2 were to 

increase by one unit then GDP per capita would increase by 0.0047. Labour 

participation showed a small increase in the coefficient. One percent increase in 

labour participation would lead to an increase in GDP per capita by 349.73. The 

variable death rate was introduced, and it has a negative value. If the death rate 

increased by one unit, the GDP per capita would decrease by 257.50. The changes 

in values indicates that life expectancy did have a big impact on the regression and 

because it had such a high correlation with latitude it was optimal to swap it out with 

death rate instead. In this regression the Breusch Pagan test also shows that there is 

some problems with heteroscedasticity which needs to be addressed in later 

regressions.  

Regression 3 

In this regression presented in Table 5, the dependent variable GDP per capita was 

transformed into a logarithmic form (Log GDP per capita). The reason for this is to 

make the data less skewed which could be more beneficial for addressing the 

problem with heteroscedasticity. The regression equation can be written as:  

𝐿𝑂𝐺 𝐺𝐷𝑃 𝑃𝐶 = 𝐵0 + 𝐵1𝐿𝑎𝑡 + 𝐵2𝐴𝑔𝑟 + 𝐵3𝐷𝑖𝑠𝑡𝑐 + 𝐵4𝐶𝑂2 + 𝐵5𝐿𝑃 + 𝐵6𝐷𝑅  
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Table 5: Regression model 3 

Independent variables↓ Log GDP per capita 

Constant 6.91*** (0,18) 

Latitude 0.053*** (0,001) 

Agriculture -0.012*** (0,001) 

Distance to coastline -0.001*** (0,00007) 

CO2 Emission 0.0000005*** (0,00000004) 

Labour participation  0.021*** (0,002) 

Death rate -0.111*** (0,006) 

Breusch pagan test 0.38 

𝑅2 0.61 

Observations 1584 

P-value definition  ***p<0,01   **p<0,05   *p<0,1 

𝐿𝑂𝐺 𝐺𝐷𝑃 𝑃𝐶 = 6.91 + 0.053𝐿𝑎𝑡 − 0.012𝐴𝑔𝑟 − 0.001𝐷𝑖𝑠𝑡𝐶 + 0.0000005𝐶𝑜2 + 0.021𝐿𝑃

− 0.111𝐷𝑅 

The R-squared of this regression decreased by one percentage point from the 

previous regression. We can see that the parameter latitude remains positive and all 

the variables are highly significant. If latitude increases by one unit that would result 

in an increase in GDP per capita by 5.443 percent. Agriculture has a negative 

parameter as in the previous regressions and is also significant. If agriculture 

increases by one unit then GDP per capita would decrease with 1.192 percent. 

Distance to coastline still shows a negative correlation to GDP per capita. An 

increase in distance to coastline with one unit would decrease GDP per capita by 

0.099 percent. The relationship between GDP per capita and CO2 remains positive 

and significant. If CO2 would increase by one-unit GDP per capita will increase with 

0.1 percent. The parameter labour participation is positive and significant. If labour 

participation increases with one percent, then GDP per capita would increase with 

2.122 percent. Death rates relationship to GDP per capita remains negative. If death 

rate increases with one unit then GDP per capita should decrease by 10.506 
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percent. Furthermore, the Breusch Pagan test shows that there is no problem with 

heteroscedasticity anymore which is due to the log transformation of GDP per capita.  

Regression 4 

In this regression presented in Table 6, we decided to add the variable natural 

resources since it contributes to GDP per capita. We do not expect a large difference 

from the previous regression since both are semi logged and contain the same 

variables. The regression equation can be written as: 

𝐿𝑂𝐺 𝐺𝐷𝑃 𝑃𝐶 = 𝐵0 + 𝐵1𝐿𝑎𝑡 + 𝐵2𝐴𝑔𝑟 + 𝐵3𝐷𝑖𝑠𝑡𝑐 + 𝐵4𝐶𝑂2 + 𝐵5𝐿𝑃 + 𝐵6𝐷𝑅 + 𝐵7𝑁𝑎𝑡 𝑅𝑒𝑠  

Table 6: Regression model 4 

Independent variables↓ Log GDP per capita 

Constant 6.72*** (0,18) 

Latitude 0.06*** (0,001) 

Agriculture -0.011*** (0,001) 

Distance to coastline -0.0012*** (0,00007) 

CO2 Emission 0.0000005*** (0,00000004) 

Labour participation 0.021*** (0,002) 

Death rate -0.109*** (0,006) 

Natural resources 0.011*** (0,002) 

Breusch pagan test 0.09 

𝑅2 0.62 

Observations 1584 

P-value definition  ***p<0,01   **p<0,05   *p<0,1 

𝐿𝑂𝐺 𝐺𝐷𝑃 𝑃𝐶 = 6.72 + 0.06𝐿𝑎𝑡 − 0.011𝐴𝑔𝑟 − 0.0012𝐷𝑖𝑠𝑡𝐶 + 0.0000005𝐶𝑜2 + 0.021𝐿𝑃

− 0.109𝐷𝑅 + 0.011𝑁𝑎𝑡 𝑅𝑒𝑠 
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Log GDP per capita remains as it helped with heteroscedasticity. The variable added 

is natural resources.  

From the results of this regression we can see that R-squared remains the same as 

the previous regression and all the variables are highly significant. We can see that 

latitude is still positive, if latitude increases by one unit then GDP per capita should 

increase by 6.183 percent. In regression 3 the latitude effect was smaller than this 

fourth regression. The coefficient agriculture decreased from 0.012 to 0.011 in this 

regression. If agriculture increases with one unit then GDP per capita should 

decrease with 1.093 percent. The variable distance to coastline is negative and has 

changed from the previous regression value -0.001 to -0.0012. A one unit increase in 

distance to coastline would decrease GDP per capita by 0.119 percent. The 

coefficient CO2 shows a positive sign and contains the same value as in the previous 

regression. One unit increase in CO2 would increase GDP per capita by 0.00005 

percent. Labour participation does not show a difference in the coefficient, it remains 

significant and positive. One unit increase in labour participation should increase 

GDP per capita by 2.122 percent. Death rate is negative and has the coefficient 

value -0.109. If death rate increases with one unit then GDP per capita would 

decrease by 10.326 percent. The variable natural resources were just introduced to 

the regression and has a positive parameter. One percent increase in natural 

resources should increase GDP per capita by 1.106 percent. The result from the 

Breusch Pagan test shows that there is no problem with heteroskedasticity.  
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The regression presented in Table 7 summarizes the data set which was divided into 

3 periods at their mean value. As previously explained (section 3 Data) this was 

done to get a view on the differences that might occur. Furthermore, an additional 

regression was added for the time period 1991-2006 (at the mean value). 

 

Table 7: Time period mean regression 

Variables Reg 2002-2006 Reg 1997-2001 Reg 1991-1996 Reg 1991-2006 

Intercept 
  

5.9027*** 
(0.8248) 

6.581*** 
(0.771) 

6.5806*** 
(0.7719) 

6.4796*** 
(0.7963) 

Agriculture -0.0106** 
(0.0046) 

-0.01023** 
(0.0047) 

-0.0125** 
(0.0051) 

-0.0103** 
(0.0048) 

CO2 0.0000004*** 
(0.0000001) 

0.00000047*** 
(0.0000001) 

0.0000005*** 
(0.0000002) 

0.0000005*** 
(0.0000002) 

Death rate -0.1109*** 
(0.0281) 

-0.1184*** 
(0.0274) 

-0.0945** 
(0.0278) 

-0.1179*** 
(0.0284) 

Dist coastline -0.0013*** 
(0.00031) 

-0.0012*** 
(0.0003) 

-0.0011** 
(0.0003) 

-0.0012*** 
(0.0003) 

Labour partici 0.0359** 
(0.0118) 

0.025** 
(0.011) 

0.0116 
(0.0088) 

0.0261** 
(0.0115) 

Lat 0.0574*** 
(0.0056) 

0.0521*** 
(0.006) 

0.0529*** 
(0.0065) 

0.0545*** 
(0.0059) 

Natural res 0.0136 
(0.0101) 

0.0112 
(0.01) 

0.0074 
(0.0138) 

0.01221 
(0.01221) 

R2 

 
 

0.65 0.61 0.56 0.61  

P-value definition  ***p<0,01    **p<0,05    *p<0,1  
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We do notice that the intercept is lower than in regression 4. As speculated earlier, 

the reason for this could have been due to the large amount of observations and that 

latitude and distance to coastline are constant. 

When analyzing the differences between time periods the changes are not big. The 

parameters remain the same between the periods and the estimates does not see a 

big change. However, we can read from Table 7 that natural resources is not 

significant during the periods. This indicates that even when running the regression 

with the mean value it does not change to much which makes it dependable to draw 

conclusions from regression 4.   
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5 Concluding remarks 

In this thesis, it was determined that there is a relationship between distance to the 

equator and GDP per capita. Furthermore, explanations were presented by 

introducing more variables that could explain the effect on GDP per capita. 

Life expectancy is an important variable when estimating GDP per capita and when 

studying latitude. However, due to a strong correlation between latitude and life 

expectancy it was necessary to address the issue. This was done by swapping it 

with death rate instead. Death rate does have a strong correlation with life 

expectancy (see appendix) due to the nature of the variable. This means that it was 

possible to include it in the regressions and examine if it was a better fit, which it 

turned out to be.  

The reasoning between latitude and life expectancy can be implemented when using 

death rate. Weil said that tropical regions do have more diseases, but it can also be 

said that it is the healthcare system in the country that is lacking. Thus, making it 

difficult to know what variable affects the other. We do know that latitude and GDP 

per capita does not have this problem because it is only latitude that can affect the 

other (indirectly). Nevertheless, the theory that warmer climates lead to higher death 

rates and lower life expectancy is still a sufficient explanation and the regression 

supports it. Furthermore, this will lead to more sick people which will affect the 

human factor in production. If people are sick more often, they will not be able to 

work as a healthy person and this will lead to lower GDP per capita. Temperate 

regions do not face the same problem. The regions have less diseases and therefore 

healthier people that can work longer which can be reflected in labour participation.  

Distance from the centroid to the nearest coastline has been acknowledged as an 

important factor from economic prosperity. Adam Smith explained in his book Wealth 

of nations (1776) the importance of a functioning harbor that could export and import 

goods and services between different nations. It was more beneficial to settle near a 

coast than to be further away from it when looking at it from an economic standpoint. 

Gallup (1999) also concluded that even in modern times with the development of 

vehicles that the distance coastline was still relevant. However, there are many 

landlocked countries that still have economic prosperity while non-landlocked 
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countries have a lower income level. This could be due to the fact that the benefits of 

navigable rivers will lead to improvements in industries that will extend themselves to 

the inland of the country. And of course, there are also more factors to consider as to 

why these differences exist. The results from the regressions also supports this 

because it did show a negative relationship which was expected before running the 

regressions. 

Agriculture has a negative effect on the regression which means that larger 

agriculture leads to lower GDP per capita. Our first thought was that an increase in 

agriculture would lead to higher GDP per capita because one would have more land 

to grow crops on. The reasons for this result could be due to a lack of efficiency. 

David Weil (2012) meant that it is not necessarily the size of the agriculture but how 

well one uses it that will have the largest impact on wealth. For example, access to 

heavy machinery greatly reduces the workload on humans and increases 

productivity by a large amount. Then there is also the climate. Tropical regions have 

much more rain and greenery which should indicate better farming conditions, but 

there is more to it. When it comes to farming too much heavy rain could damage the 

crops more than doing it any good. Furthermore, bad rain patterns also make it 

harder for farmers to grow crops since the weather conditions change. Masters and 

Mcmillian had a different approach when looking at how the climate affected 

agriculture. They used the variable frost and hypothesized that it was the absence of 

this in tropical regions that led to less crops being produced. It served as a natural 

pest control when being available in moderate amounts. However, due to the high 

risk of multicollinearity it was not included but it could serve a function in future 

studies. 

CO2 was expected to have a positive parameter due to the fact that higher CO2 

emission can be connected to fuel consumption which indicates higher consumption. 

Previous studies have mentioned that colder climates do require a higher amount of 

consumption when it comes to clothing, heat and cars. This would be reflected in 

CO2 emissions. There are some studies that hypothesis the opposite. For example, 

the EKC shows an inverted U-shape relationship between CO2 emissions and GDP 

per capita. The implication was that the economy will reach a point where 

environmental degradation decreases which does seem quite reasonable. However, 
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due to a couple of factors and the evidence from previous studies this notion was not 

shared. There are still high levels of pollution even though regulations have been set. 

Furthermore, eco-friendly methods have been developed like electric cars but there 

is still a far way to go. In addition, the study is restrained from 1991-2006, maybe if 

the time frame was extended to 2020 it would have shown a different result and 

helped support the EKC model.  

Natural resources showed a positive effect on GDP per capita which was expected. 

Resources like gas, coal, iron, fossil fuels are all beneficial for the economy when 

used efficiently. It can also lead to higher export because other countries might have 

a high demand for a particular resource. On the end of the spectrum there are 

studies that actually showed a negative relationship between these two variables. 

However, according to Brock Smith the results were often grounded on oil which has 

shown in recent history that it could lead to military conflict. It was still odd because 

oil does often have a high demand in the world and should lead to economic growth 

if discovered, in our opinion. Nevertheless, when including more than oil as a 

resource it gave a positive parameter. Which was a trustworthy and significant result 

when thinking about it logically and comparing it with empirical studies like Brock 

Smith. 

In conclusion, this thesis wanted to determine if there was a relationship between 

latitude and GDP per capita and then to provide some explanation to why that was 

the case. The result showed a strong correlation between the variables and the 

explanation part was connected to different variables with the help of empirical 

studies. It is quite evident when studying the results that geography played a 

significant role in determining GDP per capita in this thesis. Recommendations for 

future studies could be to divide the countries into two sections, north and south of 

the equator. This would be interesting to examine because one might find 

differences. Another approach is to choose a larger time frame and divide the 

regression into 5-year periods and see if differences occur.   
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Appendix 

Table A1: Correlation matrix 

  

  Lat LP DR DistC Agr Nat resc CO2 Life 

exp 

Lat 1        

LP  0,151 1       

DR 0,035 0,221 1      

DistC 0,119 0,054 0,235 1     

Agr 0,142 -0,094 0,303 0,073 1    

Nat resc -0,337 -0,091 -0,113 0,072 -0,251 1   

CO2 0,191 0,102 -0,022 0,152 0,052 -0,101 1  

Life exp 0,522 0,018 -0,686 -0,293 -0,187 -0,206 0,174 1 

Table A2: Variance inflation factor table 

Variables VIF 

Latitude 1.207 

Agriculture 1.221 

Distance to coastline 1.124 

CO2 Emission 1.075 

Labour participation 1.131 

Death rate 1.265 

Natural resources 1.222 
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Table A3: List over countries 

Albania El Salvador Lesotho Senegal 

Algeria Finland Malaysia Sierra Leone 

Argentina France Mali Slovenia 

Armenia Gabon Mauritania South Africa 

Australia Gambia, The Mexico Spain 

Austria Germany Mongolia Sri Lanka 

Azerbaijan Greece Morocco Suriname 

Belarus Guatemala Mozambique Sweden 

Belize Guinea Namibia Switzerland 

Bolivia Guyana Netherlands Syrian Arab  

Botswana Haiti Nicaragua Tanzania 

Brazil Honduras Nigeria Thailand 

Brunei Darussalam Hungary Norway Togo 

Bulgaria Iceland Oman Trinidad and 
Tobago 

Canada India Pakistan Tunisia 

Chile Indonesia Panama Turkey 

Colombia Ireland Papua New Guinea United Arab 
Emirates 

Costa Rica Israel Paraguay United 
Kingdom 

Cuba Italy Peru United 
States 

Cyprus Jamaica Philippines Uruguay 

Denmark Japan Poland Venezuela, 
RB 

Djibouti Jordan Portugal Vietnam 

Dominican Republic Kenya Qatar Zambia 

Ecuador Korea, Rep. Romania Zimbabwe 

Egypt, Arab Rep. Lebanon Saudi Arabia  
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