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Abstract. As data becomes more accessible, visualization methods are needed

to help make sense of the information. Analyzing and visualizing data helps the

public to better recognize the patterns and connections between different data-

sets. By using visual elements such as graphs, charts, and maps, it is easier to see

and understand the trends and outliers in data. This project aims to study the

correlation between environmental factors and public health. Large sets of data

pertaining to the environment and health were gathered from open data sources.

The tool used to analyze and visualize the collected data is Tableau, which is a

software program that is used to transform data into dashboards and visuals such

as treemaps, histograms, or area charts. For this project, the data will be dis-

played through charts and interactive maps that will be created through this

software.
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1 Introduction

The environment can greatly impact individuals’ health, and one of the biggest envi-

ronmental factors that contributes to disease is pollution. There have been various

studies and articles published on the effects of environmental factors on health and

disease. According to an article published in The Lancet, a peer-reviewed medical

journal, “Pollution is the largest environmental cause of disease and premature death in

the world today. Diseases caused by pollution were responsible for an estimated 9

million premature deaths in 2015—16% of all deaths worldwide” [1]. Some of the most

prominent and unresolved issues related to public health are air pollution, drinking

water, soil pollution, and weather conditions [2]. Outdoor air pollution seems to be

negatively affecting health outcomes at increasing rates, with respiratory diseases, such

as asthma, and mortality being the most common and prevalent health outcomes [3].

These pollution factors, in addition to inadequate water sanitation, agricultural

practices, built environments, and climate change all play a major role in the likelihood

of developing a disease, and people are exposed to these risk factors every day in their

homes and communities. There is also a need for safe water around the globe, and

research has been published on the different areas of water and health, such as

socioeconomy of water, water quality, water treatment, water microbiology, water

sanitation, and water resources [4]. For example, study conducted in 26 Sub-Saharan

African countries found that the “time spent walking to a household’s main water

source was found to be a significant determinant of under-five child health” [5].
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Another important aspect to the burden of disease and death is income level, as

individuals with low economic standing and those in developing countries usually have

poor water quality and access [6]. “Nearly 92% of pollution-related deaths occur in

low-income and middle-income countries and, in countries at every income level,

disease caused by pollution is most prevalent among minorities and the marginalised”

[1]. Additionally, individuals living at a low-income level are more at risk of death

from disease in countries where they do not have any access to or have limited access

to healthcare. For example, a recent study on the gradient between child’s health and

family income in Canada did not find that children from low-income families suffered

more from poor health than children from high-income families (contrary to previous

studies from the United States). However, “the contrast between Canadian and U.S.

children may reflect the effects of universal health insurance in Canada” [7].

When comparing low-income and middle-income countries, both power equality

and per capita income seem to be important factors in relation to health performance,

“while only power equality appears to be a factor in explaining population health in

middle-income countries” [8]. However, neither power equality nor per capita income

seem to be a factor in high-income countries, but rather “expenditures on health ser-

vices relative to GDP and sanitation access” appear to be factors in these countries [8].

Although there have been research studies published on the areas of public health

and the environment, there have not been many studies which use visualization

methods to display the data associated with both of these areas. Big data visualization

can be used to communicate large amounts of information that otherwise may not be as

easy to understand by a general audience without a more in-depth look. This study aims

to expand upon previous research of this topic by visualizing the available open data in

order to make the information easier to understand for a general public audience.

2 Methods

Data was retrieved from two online open data sources, the World Health Organization’s

Global Health Observatory and World Bank Open Data. The datasets pertaining to

health factors were retrieved from the Global Health Observatory, while the datasets

pertaining to environmental factors were retrieved from World Bank Open Data. The

original formats of the datasets were either Comma-Separated Values (CSV) files or

Microsoft Excel files.

2.1 Interpreting the Data

After gathering all of the datasets, each dataset was interpreted using Tableau’s Data

Interpreter, which is a feature that can be used when connecting to Excel files to clean

and transform the data. Data that is provided in Excel files are usually made to be easy

to read with the human interface in mind, so they may often include titles, stacked

headers, or empty rows and columns to make the file more visually appealing and easy

to understand. This was the case for many of the datasets used in this study. However,

these visually appealing aspects of the file can make the data more difficult for Tableau

to interpret. Tableau provides this data interpretation feature to help identify the
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structure of the data in the Excel file and detect if there are any things such as titles,

stacked headers, or empty cells in the file. Once any of these aspects have been

detected, Tableau’s data interpreter converts the data into the proper format to be used

for analysis. One of the datasets retrieved from World Bank Open Data was of Total

Population by Country per Year. Figure 1 shows how this dataset appeared in Tableau

before using Tableau’s Data Interpreter to interpret the data, and Fig. 2 shows how the

data appeared after using the Data Interpreter.

Fig. 1. Dataset before data interpretation

Fig. 2. Dataset after data interpretation
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2.2 Pivoting the Data

After interpreting the datasets, they then had to be transposed from crosstab format

(wide format) to columnar format (long format). Most of the datasets that were

retrieved were originally in crosstab format, where there was one separate column for

each year and each year was a column header. However, the ideal structure for a data

table that is to be used for analysis is columnar format, where each row represents an

observation belonging to a particular category, such as Year or Number of Cases. To

transpose the tables from crosstab format to columnar format, his was done using

Tableau’s Pivot function, as shown in Figs. 3 and 4.

Fig. 3. Dataset before data pivot

Fig. 4. Dataset after data pivot
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2.3 Joining the Data

After interpreting, pivoting, and filtering the datasets, they were then joined together by

the fields Country Name and Year by left join using Tableau’s Join function. This

function allows sperate tables that are related by specific fields, such as Country and

Year, to be combined on those common fields. This joining results in a virtual table that

can then be used for analyzation and visualization. Figure 5 shows how the tables

containing data on Cholera, Diphtheria, Malaria, Air Pollution, Arable Land, Renew-

able Internal Freshwater Resources, and Crude Death Rate were joined to the table

containing on Country Information.

3 Experiment Results

Although the final data set consists of 23 columns, only 13 of those fields were used for

this project. The environmental factors examined were: Total Greenhouse Gas Emis-

sions, Carbon Dioxide (CO2) Emissions, Methane Emissions, Nitrous Oxide Emis-

sions, and Renewable Internal Freshwater Emissions Per Capita. The health factors

examined, which focused on communicable diseases, were: Number of Reported Cases

of Cholera, Number of Reported Cases of Diphtheria, and Number of Reported Cases

of Malaria.

Fig. 5. Tableau’s Join function used to join datasets
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The first factors that were examined for this project were the environmental factors

which were gathered from World Bank Open Data [9]. Figure 6 shows the Total

Greenhouse Gas Emissions (in units of kt of CO2 equivalent) by Country for the years

2000–2012. Some of the greenhouse gases that are summed together to determine this

variable are Carbon Dioxide (CO2) emissions (in units of kt), Methane emissions (in

units of kt of CO2 equivalent), and Nitrous Oxide emissions (in units of kt of CO2

equivalent). The following symbol map is one of the numerous charts that Tableau

offers to visualize data. From the symbol map, it is shown that China emits the most

greenhouse gases than any other country, followed by the United States of America.

Tableau allows the user to zoom into specific areas of the map in order to emphasize

any prominent countries or areas. Figure 7 shows the map zoomed into China, and Fig. 8

shows the map zoomed into the United States, the two countries with the highest

greenhouse gas emissions. When the user hovers over the symbol, a tooltip appears to

show the details for that selected country. The user can select which variables are to appear

in the tooltip. In the tooltip used for this symbol map, the Country Name, CO2 Emissions,

Methane Emissions, Nitrous Oxide Emissions, and Total Greenhouse Gas Emissions are

shown for each country.

Fig. 6. Total Greenhouse Gas Emissions by Country
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The second variable that was examined in this study was Population by Region.

From the following bar chart, it is shown that East Asia and the Pacific has the highest

population compared to any other region, followed by South Asia, and then by Sub-

Saharan Africa. The region with the lowest population compared to any other region is

North America, followed by the Middle East and North Africa.

Fig. 8. United States’ Total Greenhouse Gas Emissions

Fig. 7. China’s Total Greenhouse Gas Emissions
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The next environmental factor examined in this study was the Renewable Internal

Freshwater Resources per Capita (in units of cubic meters). From the following bar

chart, it is shown that the region with the highest amount of renewable internal

freshwater resources per capita is Europe and Central Asia. The region with the lowest

amount of renewable internal freshwater resources per capita is the Middle East and

North Africa, followed by North America, and then by South Asia. Sub-Saharan Africa

also has a low amount of renewable internal freshwater resources per capita.

Fig. 9. Total Population by Region

Fig. 10. Renewable Internal Freshwater Resources per Capita by Region
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The final environmental that was examined was Total Greenhouse Gas Emissions

over Time by Region. Figure 11 shows an area chart that was created in Tableau, and it

can be seen that East Asia and the Pacific has the highest amount of total greenhouse

gas emissions, followed by Europe and Central Asia.

After examining some of the environmental data, the health data gathered from the

Global Health Observatory [10] was then examined. Figure 12 shows a line chart of the

Number of Reported Cases of Communicable Diseases over Time by Region. The

communicable diseases focused on in this study were Malaria, Cholera, and Diphtheria.

From the line chart, it is shown that Malaria has the highest number of reported cases,

in the millions, compared to the number of reported cases of Cholera and Diphtheria,

which are only in the hundreds of thousands and thousands, respectively.

Because malaria had the highest number of reported cases compared to cholera and

diphtheria, this disease was further looked into. In Fig. 13, another symbol map was

created to show which regions or countries had the highest number of reported cases of

malaria. It is shown that Africa is the region with the highest number of reported cases

of malaria, as well as the country of India.

Fig. 11. Total Greenhouse Gas Emissions over Time by Region

126 V. C. Alvarez and C. Huang



The final factor that was examined in this study was the Income Group of each

Country. Figure 15 is a map that was created in Tableau which shows which income

group each country belongs to. The income groups were categorized as high income,

upper middle income, lower middle income, and low income. Much of Africa falls into

the low income to lower middle income group, with a few upper middle income

Fig. 12. Number of Reported Cases of Communicable Diseases over Time by Region

Fig. 13. Number of Reported Cases of Malaria by Country
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countries in the north and south of Africa. The regions with the highest income groups

are Australia, Europe, and most of North America with the exception of Mexico, which

falls under the upper middle income group.

4 Conclusions

The charts and maps that were created using Tableau show that the Number of

Reported Cases of Communicable Diseases, specifically Malaria, may be related to

both the Number of Internal Freshwater Resources per Capita, and the Income Group

of each country. When comparing Fig. 10 (Renewable Internal Freshwater Resources

Fig. 14. Number of Reported Cases of Malaria in Africa and South Asia

Fig. 15. Income Group for each Country

128 V. C. Alvarez and C. Huang



per Capita by Country) to Fig. 13 (Number of Reported Cases of Malaria by Country),

it can be concluded that the amount of renewable internal freshwater resources a

country has may play a role in the number of reported cases of malaria for that country.

Sub-Saharan Africa is one of the regions with the lowest amounts of renewable internal

freshwater resources per capita, and is also has the highest number of reported cases of

malaria. Additionally, South Asia, the region with the third lowest amount of renew-

able internal freshwater resources per capita, also has a high number of reported cases

of malaria, especially in India.

In Fig. 10, it is shown that North America is the region with the second lowest

amounts of renewable internal freshwater resources per capita. However, this region

has very little to no cases of malaria, even though most of the other regions, such as

Sub-Saharan Africa and South Asia, which also have low amounts of renewable

internal freshwater resources per capita, have high cases of malaria. The difference

between these regions may be due to the income level of the countries in those regions.

In Fig. 15 (Income Group for each Country), it is shown that most of the countries

in Africa fall under the Low Income Group and Lower Middle Income Group. These

countries are also the countries, as seen in Fig. 14, which have high numbers of

reported cases of malaria. The countries in Africa which fall under the Upper Middle

Income Group do not have the same high number of cases of malaria as the countries in

the lower income groups. The cases of malaria in these upper income level countries

are relatively low compared to the lower income level countries in the same continent.

Additionally, North America, which has low amounts of renewable internal freshwater

resources per capita, falls under the High Income Group. It appears that the high

income level of this region may contribute to it not having a high number of cases of

malaria as Africa does. The high income level of this region may allow the people who

live in this area to be better equipped at preventing the spread of these communicable

diseases, as well as treating any cases of these diseases if they should occur.

A final conclusion that can be made from this study is that air pollutions, specif-

ically greenhouse gas emissions, do not seem to play a role in the prevalence of the

three communicable diseases examined in this study. In Figs. 1 and 5, it is shown that

East Asia and the Pacific, North America, and Europe and Central Asia all have high

amounts of total greenhouse gas emissions, yet these regions have very little to no cases

of malaria, cholera, or diphtheria. If this study were to be continued, another health

factor that can be examined is non-communicable diseases, in addition to the com-

municable diseases that have already been examined.

Although this study showed that the prevalence of malaria, cholera, and diphtheria

are highest in the regions where renewable internal freshwater resources are low, and in

the countries where the income group is low, this does not necessarily imply causality

between these factors. More research would have to be done in order to determine the

causality between the environmental factors and the health factors used in this study.
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