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� Introduction
To better understand the study, it is crucial to understand 

the difference between life span, life expectancy, and longevi-
ty. According to the United Nations Population Division, life 
expectancy at birth is defined as “the average number of years 
that a newborn could expect to live if he or she were to pass 
through life subject to the age-specific mortality rates of a giv-
en period.” ¹ When addressing the life expectancy of a country, 
it refers to the mean life span of the populace in that country. 
This factual normal is determined dependent on a populace in 
general, including the individuals who die during labor, soon 
after labor, during puberty or adulthood, the individuals who 
die in war, and the individuals who live well into mature age. 
On the other hand, according to News Medical Life Sciences, 
life span refers to “the maximum number of years that a person 
can expect to live based on the greatest number of years anyone 
from the same data set has lived.” ² Taking humans as the mod-
el, the oldest recorded age attained by any living individual is 
122 years, thereby implicating that human beings have a lifes-
pan of at least 122 years. Life span is also known as longevity.

As life expectancy has been extended, factors that affect it 
have been substantially debated. Consensus on factors that 
influence life expectancy include gender, ethnicity, pollution, 
climate change, literacy rate, healthcare access, and income 
level. Other changeable lifestyle factors also have an impact 
on life expectancy, including but not limited to, exercise, alco-
hol, smoking and diet. Nevertheless, life expectancy has for the 
most part continuously increased over time. 

The authors’ study aims to quantify and study the factors that 
affect human life expectancy. According to the American Jour-
nal of Physical Anthropology, Neolithic and Bronze Age data 
collected suggests life expectancy was an average of 36 years for 
both men and women. ³ Hunter-gatherers had a higher life ex-
pectancy than farmers as agriculture was not common yet and 

people would resort to hunting and foraging food for survival. 
From then, life expectancy has been shown to be an upward 
trend, with most studies suggesting that by the late medieval 
English era, life expectancy of an aristocrat could be as much 
as 64 years; a figure that closely resembles the life expectan-
cy of many populations around the world today. The increase 
in life expectancy is attributed to the advancements made in 
sanitation, education, and lodging during the nineteenth and 
mid-twentieth centuries, causing a consistent decrease in early 
and midlife mortality. Additionally, great progress made in nu-
merous regions of well-being and health, such as the discovery 
of antibiotics, the green revolution that increased agricultural 
production, the enhancement of maternal and child survival, 
and mortality from infectious diseases, particularly human 
immunodeficiency virus (HIV)/ AIDS, tuberculosis (TB), 
malaria, and neglected tropical diseases (NTDs), has declined. 
According to the World Health Organization (WHO), global 
average life expectancy has increased by 5.5 years between 2000 
and 2016, which has been notably the fastest increase since the 
1950s.⁴ As per the United Nations World Population Pros-
pects, life expectancy will continue to display an upward trend 
in all regions of the world. However, the average life expec-
tancy isn’t predicted to grow exponentially as it has these past 
few decades. Projected increases in life expectancy in Northern 
America, Europe and Latin American and the Caribbean are 
expected to become more gradual and stagnant, while projec-
tions for Africa continue at a much higher rate compared to the 
rest of the world. Asia is expected to match the global average 
by the year 2050. Differences in life expectancy across regions 
of the world are estimated to persist even into the future due 
to the differences in group incomes, however, income disparity 
between regions is forecasted to diminish significantly by 2050 
(Figure 1).⁵

Exploring Human Longevity: The Impact of Climate on Life 
Expectancy   

Riya Kewalani, Insiya Sajjad Hussain Saifudeen  
Dubai Gem Private School, Oud Metha Road, Dubai, PO Box 989, United Arab Emirates; riya.insiya@gmail.com

ABSTRACT: This research aims to investigate whether climate has an impact on life expectancy. In analyzing economic data 
from 172 countries that are publicly available from the United Nations World Economic Situation and Prospects 2019, as well 
as classifying all countries from different regions into hot or cold climate categories, the authors were able to single out income, 
education, sanitation, healthcare, ethnicity, and diet as constant factors to objectively quantify life expectancy. By measuring life 
expectancies as indicated by the climate, a comprehensible correlation can be built of whether the climate plays a vital role in 
prolonging human life expectancy and which type of climate would best support human life. Information gathered and analyzed 
from examination focused on the contention that human life expectancy can be increased living in colder regions. According to 
the research, an individual is likely to live an extra 2.2163 years in colder regions solely based on the country’s income status and 
climate, while completely ruling out genetics.

KEYWORDS: Earth and Environmental Sciences; Life expectancy; Climate Science; Longevity; Income groups.

DOI: 10.36838/v3i3.7

ijhighschoolresearch.org



 29 

The blue zone areas (Figure 2) are five regions across the 
world, identified as ‘the hot spots of longevity’ according to 
National Geographic, where people live much longer than 
average.6 All of these cities house a population where many 
individuals hit the 100 years milestone. When the authors 
encountered “blue zone” areas in multiple studies about factors 
affecting human longevity, the authors observed a pattern in 
the placement of these blue zone areas on the world map-they 
are all located from 1100 to 4500 km north of the equator, 
and all experience Mediterranean or tropical climates, or 
what the authors classified as ‘warm’ in accordance with the 
designed classification system. The factors attributed to the 
longer life spans of these communities are healthy diet, daily 
exercise, and adopting a low-stress lifestyle. However, in no 
study has climate ever been mentioned as a contributing factor 
to extending life span in these blue zone areas, when they so 
clearly have warm and coastal climates as a common factor. 
This got the authors thinking: does climate play a role in or 
affect human life expectancy? Scientists have debated the role 
of climate and temperature in human longevity for decades. 
On first glance, and while considering blue zone areas, it could 
be suggested that humans live longer on average in warmer 
climates. This side of the argument is supported by multiple 
studies, such as one by Professor F. Ellis of Yale University, 
who found that deaths in the United States increased by 13% 
in the winter, compared to the summer, using data from the 
1950s.⁷ The opposite side of the debate claims that living 
in colder climates slows down ageing and thus extends life 
expectancy. The principal theory corroborating this side of 
the debate is the ‘free radical theory’ that states organisms 
age because of buildup in cells and damage from metabolic 
activities, in particular, a byproduct under the name reactive 
oxidative species (ROS). The theory claims that exposure to 
colder temperatures slows down the rate of ageing-thus slowing 
the release of the byproduct ROS so that less cellular damage 
occurs over time and thereby slowing ageing and increasing 
life expectancy.⁸

The authors’ aim with this study was to investigate how rising 
and warmer temperatures will affect human life expectancy 
and longevity, which is where climate change comes into play. 
According to the International Actuarial Association, climate 
change has already demonstrated that it will have critical and 
extensive impacts around the globe.¹⁰ The most significant 

Figure 1: Trend line of life expectancy from 1950 to 2050 by world regions. 
Source: Life Expectancy by Region from UN World Population Prospects. 
The graph illustrates exact increases in life expectancy until 2017, and then 
predicts trends to 2050.

objective for this paper was the mortality of the populace. 
Climate change is enduring danger to our planet. Largely, this 
will result from critical rises in CO₂ and methane levels in the 
Earth's atmosphere, environment, and oceans that have been 
amassing through many decades. This risk will unfavorably 
influence our water, air, climate, and ecosystems, bringing 
about numerous changes to our environment, including 
augmentations in temperature, changes in precipitation, for 
example, heavy rains and longer-enduring droughts, a rise of 
infrequent extreme weather, as well as sea and ocean levels. 
A definitive impact of these climatic changes will influence 
human wellbeing, life, and property. Be that as it may, the 
degree of climate change remains a present-day and grave 
future dilemma. 

Acknowledging the arguments from both sides of the de-
bate, and having read, analyzed and reviewed the literature 
available on this topic, the authors set out to quantify any im-
pacts climate has on longevity. By quantifying life expectancy 
according to climate, a clear correlation can be established of 
whether climate plays an integral role in human longevity and 
which type of climate best supports human life. Data collected 
and examined from the research points towards the argument 
that human life expectancy can be extended by living in colder 
climates. Colder climates overwhelmingly display higher life 
expectancy in all four socio-economic country classifications.
�   Methods
The countries of the world were classified initially based 

on four income groups: high income, upper-middle-income, 
lower-middle-income, and low income. These classifications 
were taken directly from the United Nations World Eco-
nomic Situation and Prospects 2019 Country Classification.¹² 
Following this, the authors further classified the countries in 
each income group as ‘mainly warm’ and ‘mainly cold’ (Fig-
ure 3). This closed question approach was critical to establish 
a correlational link between climates, temperature, and human 
life expectancy. Countries with mainly tropical, subtropical, 
sub-Saharan, Mediterranean, savanna, and equatorial climates 
were classified under warm. These countries have dry, arid, hot, 
and humid temperatures with rainy winters and saw almost no 
winters with freezing temperatures. Countries with more sea-
sonal climates, temperate, continental, oceanic, maritime, and 

Figure 2: Cities that form the ‘blue zone’ areas on the world map.9.
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highland climates were grouped under cold. Classifying coun-
tries based on income groups was essential to keep climate a 
constant factor as far as possible because income directly af-
fects access to education, sanitation, access to healthcare and 
diet- all of which also greatly affect human life expectancy. 

For countries such as the United States, China, and France 
that experience different climates in different regions or states, 
the authors collected data about individual state/provincial cli-
mates and designated the titles ‘mainly warm’ or ‘mainly cold’ 
according to the mode or majority. For example, the United 
States comprises 50 states, out of which 29 experience marine, 
cold, or very cold climates and 21 experience mixed-dry and 
hot-humid climates. As a result of this majority, the authors 
classified the United States as ‘mainly cold”.

Figure 3 was drawn up using the Microsoft Excel software 
based on the number of regions around the world that were 
classified as warm and cold. Thereafter, mean life expectancies, 
standard deviation, minimum, and maximum values for each 
country were calculated based on the data made available from 
the United Nations World Mortality Report 2019.¹¹ Tables 1 
and 2 provide summaries for this data while Figure 6 paints a 
graphical representation. 

To create Figure 5, the authors divided the world into twen-
ty-two regions, irrespective of income groups. This was done 
to single out genetic factors and ethnicity, which too influence 
life expectancy. The twenty-two regions were then divided into 
warm and cold regions. The authors classified fifteen as warm 
and seven as cold. Their mean ages were then drawn up, once 
again using the United Nations World Mortality Report 2019. 
¹¹

To calculate values for ANOVA, the authors used spread-
sheet software Microsoft Excel to calculate the (X-mean)² 
value of each observation. The observations were mean life 
expectancies of each country listed on the United Nations 
World Mortality Report 2019.¹¹ These observations were then 
divided into eight groups: warm socio-economic groups and 
cold socio-economic groups in accordance with the system de-
scribed above. The sum of (X-mean)² was calculated for each 

Figure 3: World map classified as warm and cold according to the authors’ 
designed system. Key: warm is represented by yellow, cold by green and data 
not available as pink.

group. Using this data, variance within each group, total sum 
of variance, variance within each group, degrees of freedom, 
F-value, and p-value were also calculated correspondingly us-
ing the formulas shown in Figure 4. The calculation was that 
standard to a typical ANOVA test.
�   Results and Discussion

With global warming and a continuous increase in green-
house gases over the decades, climate change has become a 
peril to mankind. Taking this as a motivation, the research re-
port aims to find a clear link to rise in temperature and its 
direct effects on human life expectancy and longevity. The 
question of whether climate plays a quantifiable role in human 
longevity and life expectancy was tested by first classifying all 
countries according to income groups. Within these income 
groups, the countries were then further classified as ‘mainly 
cold’ and ‘mainly warm’ in order to mathematically measure the 
effects of climate and temperature. The means of ages and life 
expectancy were then calculated for each income group and 
cold and warm climates within those groups. 

The pie chart is a representation of all the different regions 
around the world classified as ‘mainly cold’ or ‘mainly warm’. 
The intent was to show the temperature distribution around 
the globe - with 33.8% being mainly cold regions and 66.2% 
being mainly warm regions (Figure 5). 

Across all income groups, the mean life expectancy was 
higher in the colder climates. With the lowest difference being 
between the lower-middle income groups, where colder cli-
mates displayed an average life expectancy that was 0.2371658 
years higher than their warmer climate counterparts. The 
greatest difference was observed between the low-income 
groups where the average life expectancy differed by a large 

Figure 4: Formulas used while calculating ANOVA.

Figure 5: World region climates classified as percentages..
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5.9098901 years in the colder climates compared to warmer 
ones. On average, the minimum life expectancy was higher in 
all income groups for the colder climate classification, except 
for the lower-middle-income group where they were almost 
equal. Additionally, the standard deviation for all income 
groups in the warmer climates was more spread out than the 
colder climates, suggesting that the warmer climate regions 
across all income groups saw a greater disparity in the ranges 
of life expectancy (Table 1, Table 2, Figure 6).

ANOVA, or analysis of variance, is a testing method to 
prove the statistical significance of the data collected. The main 
idea behind ANOVA is to determine how much of the vari-
ance comes between groups and how much comes from within 
groups. According to the calculated ANOVA test, the variance 
between each group (refer to Table 1 for grouped data) was 
more than double the variation within each group, which gives 
the authors a suggestion that climate does have a significant 
effect on life expectancy. To further test this, the authors calcu-
lated the F-value and p-value. The F-value of 49.88126711 is 
much larger than 1.0, while the p-value comes to exactly 0.00 
and is less than 0.05. The p-value denotes that the probability 
of the null hypothesis taking place is 0% and the large F-val-
ue means that variation within each group is more than what 
could be expected of chance. Together these values indicate 
strong evidence against the null hypothesis (climate doesn’t 
affect human life expectancy) and accepts the alternative hy-
pothesis (climate does play a role in human life expectancy), 
while proving the results statistically significant (Table 3).

droughts, flooding, extreme weather conditions, more infec-
tious diseases spread by vectors, also  possibly genetic changes 

Table 1: Summarized statistics of data for warm climate longevity. Data 
Sources for life expectancy: United Nations World Mortality Report 2019.¹¹

Table 2: Summarized statistics of data for cold climate longevity. Data 
Sources for life expectancy: United Nations World Mortality Report 2019.¹¹

Table 3: Data calculated for ANOVA.

The bar chart represents the mean life expectancy across 22 
regions around the world that are further classified as ‘main-
ly warm’ (red) which comprises of 15 regions, and ‘mainly 
cold’ (blue) which accounts for the remaining 7. Upon ex-
amination, the highest life expectancy was found in Southern 
Europe (82.3 years), Western Europe (81.9 years) and North-
ern Europe (81.2 years). Within these three regions topping 
the list of life expectancy, two are classified as mainly cold. On 
the other hand, three mainly warm regions: Western Africa 
(57.9), Middle Africa (59.9) and Southern Africa (63.8) have 
the lowest life expectancies in the world (Figure 5).

Data collected and examined from the research points 
towards the argument that human life expectancy can be 
extended by living in colder climates. Colder climates over-
whelmingly display higher life expectancy in all four of the 
socio-economic country classifications.

All the data collected, recorded, and calculated showed av-
erage life expectancy to be higher in colder climates. Whether 
that difference was just 0.2371658 years higher in the case of 
lower-middle-income countries, or 5.9098901 years higher 
in the case of low income; the results indicate that living in 
colder climates can extend longevity. What can be concluded 
from this data is that climate change will have definite and 
lasting impacts on human life expectancy and lifespan. Rising 
and warmer temperatures will bring a lot of other complica-
tions to the table, including but not limited to famines, 

Figure 6: Tables 1 and 2 data represented graphically to show mean ages 
and data variation according to various income groups. Data Sources for 
income classification: United Nations World Economic Situation and 
Prospects 2019 Country Classification.¹²

Figure 7: Mean life expectancies in different regions of the world. Blue bars 
illustrate colder regions, while red bars denote warm regions.
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that could be triggered by these increasing temperatures - ef-
fects that no one knows or haven’t yet been predicted.

According to the National Geographic, “Since 1906, the 
global average surface temperature has increased by more 
than 1.6 degrees Fahrenheit (0.9 degrees Celsius)”. Scien-
tists around the globe have already documented many drastic 
changes in the environment due to climate changes. Glaciers 
have contracted, ice on waterways and lakes is collapsing ear-
lier, there have been peak rises in sea levels, intense and longer 
heat waves, plant and animal ranges have moved with many 
migrations noticed, and trees are blossoming sooner.¹³ More-
over, the World Health Organization (WHO) states that air 
pollution contributed by the emissions of fossil fuels as a result 
of the greenhouse effect, particularly sulfur and nitrogen-ox-
ides can lead to respiratory diseases like asthma which can be 
seen in adults and children. It is stated that an estimated 7 
million people die worldwide annually from air pollution.¹⁴

It is essential to stop climate change as it not only dramat-
ically causes natural habitats to become isolated remnants, 
raises in sea levels, and increases extreme weather, but it also 
has a negative impact on human life and prosperity. For in-
stance, the WHO has stated, “natural hazards like heat waves 
can burden health and emergency services and also increase 
strain on water, energy and transportation resulting in pow-
er shortages or even blackouts. Food and livelihood security 
may also be strained if people lose their crops or livestock due 
to extreme heat”.¹⁵ Agriculture is one of the areas most af-
fected, where farmers are bound to face attacks from weeds 
and pests which influence yield. Additionally, certain extreme 
events undermine crop yields. A study at the Bryan College 
of Health Science shows that the same CO₂ amassing in our 
environment due to fossil fuels is altering the composition 
of legumes and fruits that we eat, making them less nutri-
tious.¹⁶ Further increased CO₂ is accelerating photosynthesis 
and making plants develop with more sugar and less calcium, 
protein, zinc, and other vital nutrients. Moreover, according 
to Harvard analysts, on the off chance that we don't diminish 
carbon emissions at the present time, this could spell a huge 
issue for our eating regimens. By the middle of the century 
around 175 million additional individuals have zinc insuf-
ficiency and 122 million individuals could become protein 
deficient because of these changes in plant physiology. This 
fundamental change in essential crops is a direct attack on our 
nutrition, which plays an elemental role in prolonging human 
life expectancy.¹⁷

The authors singled out income as a factor by classify-
ing countries to yield constant and reliable results as far as 
possible. This is because income affects access to education, 
sanitation, healthcare, and diet, all of which play huge parts 
in extending or reducing human life expectancy. However, it 
is imperative to note that genetics, according to many scien-
tists, plays an important role (about a third of variation in 
life expectancy is attributed to the genes: Apolipoprotein E 
(APOE), Forkhead box O3 (FOX03) and Cholesterylester 
transfer protein (CETP))¹⁸ in determining the expectancy of 
an individual and it acts as a limitation to the authors’ study.  
While the authors did divide the world into different regions 

and study them separately, which allowed them to factor race 
and thus genetics to a degree, it still caused complications 
when developing valid results. Another source of bias could 
be the classification system of warm and cold climates allo-
cated to each country - countries such as the United States of 
America and China see many different climates across their 
nation and while the authors classified it based on majority, 
it doesn’t exclude the fact that discrepancies occurred. Ja-
pan is ranked as cold while Sardinia is as warm, but both are 
home to some of the oldest people around the world- this is 
due to their lifestyle factors which the authors accounted for 
when classifying data according to income groups, however, 
anomalies and variation do occur widely, such as in the case of 
Sardinia and Okinawa. The authors implore fellow scientists 
and researchers to conduct more trials to better determine the 
role of genetics irrespective of location and climate in affect-
ing human life expectancy.

While conducting a thorough literature review of all the 
available studies on the topic of whether climate affects life 
expectancy, the authors came across multiple studies that 
further supported the results with concrete statistical and 
genetic evidence. A study conducted by economists from 
the Stanford University and the Massachusetts Institute of 
Technology in June 2019 collected extensive data over fifteen 
years of people who migrated after the age of 65 and those 
individuals who stayed in the same location their whole lives. 
This allowed them to factor out health, lifestyle, and genetics 
to isolate the effect of location on lifespan. The study found 
that life expectancy was lowest in the South of the United 
States (warmest parts of the country), and highest through 
the Upper Midwest (a much colder region).¹⁹ Additionally, 
according to researchers from the University of Michigan, 
worms that were introduced to colder temperatures triggered 
a genetic response that led to longer lifespans. The researchers 
believed that the probability of translating the same findings 
to humans is high since human beings have similar genetics. 
²⁰ Following the same line of research, scientists at Scripps 
Research Institute in California reduced the internal body 
temperatures of warm-blooded animals like mice and found 
that this extended their lifespans by a substantial 20.0 per-
cent.²¹ This is corroborating evidence to the study and falls 
in with the quantitative measured results. Finally, when ad-
dressing climate change, researchers at the National Institute 
of Environmental Health Sciences found that an increase of 
1 degree Celsius in temperature, increased the death rate for 
elderly between 2.8 and 4.0 percent.²² This is consistent with 
the findings, when the authors say that it is crucial to act now 
and reduce global temperatures.

The authors recognize individuals cannot move to colder 
geographic locations to theoretically increase the time they 
spend on this Earth. This is why the authors thought it vital 
to mention cold showers and cryotherapy. Most experiments 
that favor the effects of colder temperatures to increase life 
expectancy credit the explanation to either the free radical 
theory, or the fact that colder temperatures trigger genetic 
changes as observed in the study conducted at the University 
of Michigan. In such a case, taking cold showers or partaking 
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in cryotherapy regularly could trigger changes in the genetic 
pathways over the long term that could allow an individual 
in a warmer climate to enjoy the same benefits their counter-
parts living in geographically colder climates do.
� Conclusion
It is clear from all data collected and quantified that 

individuals living in colder climates house longer-living indi-
viduals than their warmer climate counterparts. On average, 
when calculating the means of all life expectancies across all 
climate classifications and income groups, an individual may 
live an additional of 2.2163 years in colder regions while dis-
crediting the role and involvement of genetics. The effects of 
climate change and warming of the Earth will therefore result 
in lower life expectancy. Further research and examination on 
the genetic impact of humans in different geographic loca-
tions would contribute meaningfully to this experiment. In 
addition, investigation of cryonics to extend the longevity of 
mankind, as well as preserve it can give this study a stron-
ger grounding. Data collected and examined from research 
points towards the argument that human life expectancy 
can be extended by living in colder climates. Colder climates 
overwhelmingly display higher life expectancy in all four so-
cio-economic country classifications. 
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