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GIS Final Paper: Trends in Sustainability 

Intro/Main Goal: 

 As the world continues to grow and develop the more people will start to look at how 

these changes affect the environment around them. In response to the  Intergovernmental Panel 

on Climate Change (IPPCC) monthly report, Kevin Anderson stated that he thought that the 

majority of the worlds emission come from the minority of the world. This project will walk 

through different measures and indexes, such as health, social, and education that are meant to 

analyze the countries of the world and determine how they compare to each other. Our 

hypothesis is that more developed countries will be less sustainable. This means that, when using 

our scale, a higher score for quality of life, education and communication, and world 

development should correspond to a lower sustainability index score. 

Background: 

 The world is undergoing major changes. More countries are now considered developed or 

developing than have ever been before. Along with this, global climate change is reaching a 

point of no return. If the governments and countries of the world do not act now, the effects of 
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climate change will soon be irreversible. It is difficult to address the issue as a worldwide 

problem. To say “every country needs to tackle the issue of climate change” does not give any 

answers. One important aspect of environmentalism and sustainability is that it is local. The 

solutions to the different causes of climate change depend on where the focus area is. The 

methods used to mitigate heat island effect in New York City are different than the water 

conservation strategies taking place in South Africa. That being said, there are countries that are 

responsible for the majority of climate change effects. Only 20% of the world’s nations are 

responsible for 50% of global emissions. 

To address this inequality issue, it would be useful to map out where these hotspots are 

on Earth. To do this, we will be assessing the environmental impact of all of the countries in the 

world in relation to the stage of development that the country is in. Since the data is varied and 

development can be subjective, we redefined environmental impact as a “sustainability index” 

and development as a “progress index”. Our hypothesis is that countries that are higher on the 

progress index will have a lower sustainability index.  
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Scope and Characteristics of Analysis: 

Since climate change is considered to be global, the subject area will be the entire world. 

This offers some opportunities but also creates some limitations. The opportunities are that 

having a large subject area allows for us to obtain varied and unbiased data. The majority of the 

data will come from reputable world organizations such as The United Nations, The World 

Bank, and The World Health Organization. This data has also been generalized, or normalized. 

Everything will be easily comparable, which is necessary for this project. Some of the limitations 

are that there is inconsistency in the data. Some of the data sources date back to the 1970s, while 

others have large amounts of data from very recent years. In order to adapt to this, we had to 

expand our scope back to 2000. This can alter the results, as a country’s data from 2015 may not 

necessarily be comparable to another country’s data from 2005. The data is also inconsistent 

across different formats. For example, The United States has recent data for a lot of our 

indicators, but it does not have data for Male and Female Literacy Rates. This caused the data to 

be skewed for their education total. Other countries may have ended up higher or lower on our 

final index than they should have been because of this. We also had to omit some countries from 

the final tally entirely, as the 0 to represent no data would have skewed the totals. Another 

drawback to having such a large subject area is that we had to make a lot of assumptions about 

the data. The metadata was not always available, so we had to assume that every country 

measure every indicator the same way. With the time period, we had to assume that older data 

was comparable to older data.  
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Objectives:  

The objective of this project is to determine if the statement  "50% of global carbon 

emissions arise from the activities of around 10% of the global population, increasing to 70% of 

emissions from just 20% of citizens" is true or false when compared to the data that we were able 

to find and compile. 

We will achieve our objective of analyzing the environmental impacts of the world 

through index measures in different areas. The four measure areas that will be focused on are 

quality of life, education and communication, world development, and a sustainability index. The 

Quality of life section shows impacts on society as well as life expectancy and the overall quality 

of life. Education and communication shows literacy rates and highlights the access to education. 

World development gives a broad overview of what governments value as well as insight to how 

developed a country is. The sustainability index connects all other measures to show how a 

country functions as well as the impacts it has on the environment around them. 

Once all the data is found we will analyze the data and create a database that gives values 

to all of the measures. A total will be found for each country and added together to create a 

progress index. The highest total score, 220, will indicate a highly developed country. This will 

then be compared to the total number found for the sustainability index and a higher score, 40, 

will indicate a highly sustainable country. It is important to keep in mind that the data sets that 

were used did not always have data for every country. This caused some outlying points due to 

the fact that data could not be obtained for every category for certain countries. We are taking 

this into consideration when reviewing and analyzing the data. 
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Methodology:  

The first step to reaching the objectives, was to form a complete list of measure and 

indexes we wanted to use to determine how developed and how sustainable a country is. We 

determined that we would use four different measures: world development, education and 

communication, quality of life, and sustainability. Of these four measure the first three were 

combined to create the progress index, and the final measure, sustainability, became its own 

index, called the 

sustainability index. 

Once we had our final 

two indices, we created 

a graph which showed 

the correlation between 

the sustainability and 

progress indices. A 

trendline was added 

and the graph was used 

to support our hypothesis that more progressive countries have a lower sustainability measure. 

The process is outlined in figure 1.  

 

 In the world development measure we had four different indices: access to healthcare, the 

percent of the population that lives below the poverty line, the human development index, and 

the percent of the gross domestic product spent on the military. Out of these four indices, three 

were given, and we collected and compiled data to create the access to healthcare index. The data 

Figure 1: Process flow chart, describing the steps 
taken to determine if our hypothesis was supported or 
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for this index came from the “Economist Intelligence Unit”, who defines access to healthcare as 

“access to child and maternal health services; access to infectious diseases care; access to non-

communicable diseases care; access to medicines; and equity of access to healthcare.” The 

rankings that they determined were added to a map of the world in ArcMap and was then used to 

to break the rankings into 21 categories. As is the case for all the indices, we chose 21, so that a 

country with no data could be entered as a zero. ArcMap was used to select data by attributes and 

each country was assigned a number from zero to twenty, twenty being the best. This process 

was repeated for each index, and a table was created in excel to track each country’s ranking.  

Once all of the measures had been tracked, each index was added together to create a composite 

score for the total measure (in this case the highest score could be 80). This score was put into 

ArcMap and broken into 7 categories to see the geospatial distribution of the measure. 

Similar to the world development measure, the education and communication measure 

used four measures; these are: male and female literacy rates, enrollment in secondary school, 

and internet literacy rates (or access to internet). Of these four indices, only data for enrollment 

rates in secondary schools was found and not given. This data set came from the World Bank, 

and was defined as the percentage of school-aged children enrolled in a secondary school. The 

process analysis for each of the indices is the same process outlined above, this measure could 

also score as high as 80 (to see the individual measure maps, refer to appendix 1-3).  

The last measure which was combined to compare to the sustainability index, was the 

quality of life measure. This measure had three indices: life expectancy, average household size, 

and death rates. The average household size was included under the assumption that smaller 

household sizes would be more common in more progressive countries, and indicate a higher 

quality of life; for this reason, the smallest households were given a 20, and the largest 
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households were assigned a 1. This data set was found at population.un.org. As well as the 

average household size, we also found data for the death rates; this data set was meant to show 

that less developed countries would have higher death rates, because of less access to healthcare, 

or because of war or other factors. The death rates data came from the world bank, who defined 

death rate as “the average number of deaths per 1000 people”. As done with the other two 

measures, the data was input into ArcMap, where it was assigned a number from zero to twenty. 

Once the composite score was found, the highest score in this measures could be sixty.  

Once of all three of these measure were defined, placed in ArcMap, and assigned a 

number from zero to twenty, we transposed the data sets into Microsoft excel, and the overall 

number for each data set was added together to create a progress index. This index could have a 

score as high as 220, but the highest scoring country only reached 176.  

We used the same method described above to create a sustainability index. This index 

included CO2 emissions for each country, and the percentage of renewable resources used to 

power each country. As with death rates and average household size, for CO2 emission we took 

a higher number to be bad, so the lowest emissions received a score of 20, and the highest 

emissions received a score of one. This index could have a score as high as fourty.  

Once we had both the sustainability and progress indices created, we used excel to create 

a scatter plot, excluding any countries which had zero (no data) inputs and fit the data with a 

trendline. The results are discussed below.  

Results and Discussion: 

 We found our hypothesis to be correct. The trendline fit across the graph (see figure 2) 

showed a negative slope, implying that there is an inverse relationship between a country’s 

progress and their ability to be sustainable. This is a relatively weak correlation, and we have 
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chosen a few countries to talk about that stood out as interesting to us. It is also important to 

note, that because we 

decided that any index 

without data would be input 

as a zero, some countries 

which expected to score 

higher on the progress or 

sustainability index did not 

score as well as would 

have been expected. For 

example, Iceland and 

many other Scandinavian countries  which we expected to score high in both the sustainability 

and progress indices, scored lower than we would have assumed, because many index fields 

were filled in as a zero.  

 The first of interesting country is Slovenia, which scored the highest on the progress 

index, with a score of 176. This score is largely because they scored 74 out of a total of 80 in the 

education and communication measure. This score combined with Slovenia’s quality of life and 

world development scores out performed all of the other countries. Slovenia's education score 

was near perfect, because they have high rates of literacy and an excellent public education 

system in place.  However, they only have a score of 11 out of 40 on our sustainability index. 

This is because a large number of their gas and oil imports.  

A country which has a similar situation, is Bahrain. Bahrain is a highly progressive 

country, which had the lowest sustainability score, a seven. Despite having a progress score of 

Figure 2: “Correlation between Progress and 
Sustainability Indices. The x-axis is the progress index, 
and the y-axis is the sustainability index.  
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160, they only scored a 7 on our sustainability index, this may be because they are an oil rich 

country and depend heavily on oil and other fossil fuels to power their highly modernized cities.  

Somalia scored the highest out of all 246 on our sustainability index. It had a score of 39, which 

we believe is likely not due to progressive emerge practices, but more likely due to a lack of 

energy. As is similar for most of Africa, Somalia does not use much electricity, because it is a 

still developing country it does not have much infrastructure in place to get electricity to its 

citizens.  
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In general, Africa tended to be more sustainable than the rest of the world(see figure 3). 

This is likely for the same reasons as Somalia, there is a lack of electricity in these countries, but 

because they are still developing there is a good chance that the infrastructure they put in place 

will be more sustainability from the get-go, than the infrastructure progressive countries are 

using now. When 

looking at both 

the Sustainability 

Index map and the 

Progress Index 

map (see figure 

4), it is clear that 

as a general pattern, if a 

country is dark on one map (meaning that it has a high score for that index), it is lighter on the 

other map (meaning 

that it has a low score 

on the other index). 

This is a way to 

visually display the 

data in support of our 

hypothesis.  

Conclusion:  

 After compiling all of our data and creating an index we were able to prove our 

hypothesis correct. In the scatterplot it can be seen that the trendline declines the more developed 

Figure 3: Sustainability Index map of the entire world. 
A darker shade of green indicates a higher score on 
the sustainability scale.  

Figure 4: Progress Index map of the entire world. A darker 
shade of pink indicates a higher score on the progress 
scale.  
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a country is. This means that as a country becomes more developed they decrease in 

sustainability. As countries begin to grow it is important, as the data shows, they they are aware 

they will need to be more conscious of how that will affect the world around them. 
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