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Abstract
As climate change continues to worsen, threatening the livelihoods and well-beings of everyone
on this planet, mitigating or preventing its effects has become increasingly important. This thesis
focuses on prevention of future climate change through a reduction of world population growth,
particularly because this strategy is consistently overlooked in climate change policy. A closer
look at countries with the highest Total Fertility Rate shows that they tend to also be where
gender parity is most limited. The connection can thus be made that the underlying factor to
facilitating slower population growth is ensuring women’s empowerment through increased
access to education, to comprehensive sexuality education, and to reproductive healthcare
services. By providing women and families with the tools to make informed choices about their
health, wealth, and future, world governments would also be equipping future generations to
make changes for long-lasting global sustainability.

Introduction
As the global climate continues to warm (IPCC), decreasing our anthropogenic contribution
becomes increasingly dire. Resource consumption by wealthier countries is by far the largest
anthropogenic contribution to global warming, and will only increase as countries develop their
economies and more of the world population gains expendable wealth. However, one other
often-overlooked strategy to decrease part of our anthropogenic contribution is to dramatically
reduce world population growth. While the rate of population growth is currently slower than in
previous decades, growth still fosters a rising consumer class. Additionally, population growth is
still increasing at a rate that could quickly reach the human carrying capacity (Cohen). Geopolitically parsing out which regions of the globe maintain the highest growth rate shows that by
the mid twenty-first century, the population of developing countries will outnumber that of
developed countries by six to one (Cohen, UN DESA). Addressing the six to one ratio is not
intended to place climate blame on developing countries, but to facilitate a more in-depth
investigation of the cultural and political contexts behind the disparity’s key contributing factors.
The next step, then, is to look at what reasons underlie this six to one population-size disparity.

A look at the current research identifies a lack of education and limited access to healthcare for
women as the primary causes of population trends in developing nations (UN DESA). The
purpose of this thesis is to furthermore link women's empowerment to reduced population
growth via increased education and women's healthcare. I reviewed data on worldwide education
enrollment, standards for sexuality education, and access to a range of women's healthcare
services, in order to link these factors with geographic regions. By synthesizing the two types of
information, I could link women's empowerment with potential reductions in anthropogenic
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global warming in a novel way, making a connection that in turn could be used to inform climate
change policy for long-lasting global sustainability.

Earth's Climate is Changing
Based on the overwhelming scientific evidence, Earth's climate is undoubtedly warming (IPCC).
The Intergovernmental Panel on Climate Change (2014)—the leading international body that
assesses the current state of climate change, releasing a comprehensive report about every six
years—went so far as to call the changes in the climate system “unequivocal” and
“unprecedented”. What's more, the current changes in our climate are “extremely likely” to be
anthropogenic (IPCC, 2014). Reading into the IPCC's equivocal use of “extremely likely”,
climate change is unquestionably human-caused (Figure 1). Currently, the level of consumption
and waste production of our societies is so high that it would take the equivalent of one and a
half earths to provide enough resources for us to sustain survival (World Footprint, 2015). That's
called the global ecological footprint, and ours is so big that we are draining the exact resources
we need to continue living, faster than they can be regenerated. If our world stays on this same
path, carrying out “Business As Usual”, the climate will continue warming as increasingly more
environmental thresholds are passed (IPCC, 2014) (Figure 2).
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Figure 1 “Assessed likely ranges (whiskers) and their mid-points (bars) for warming trends over the 1951–2010 period from
well-mixed greenhouse gases, other anthropogenic forcings (including the cooling effect of aerosols and the effect of land use
change), combined anthropogenic forcings, natural forcings and natural internal climate variability (which is the element of
climate variability that arises spontaneously within the climate system even in the absence of forcings). The observed surface
temperature change is shown in black, with the 5 to 95% uncertainty range due to observational uncertainty.” (IPCC)

Past these environmental thresholds (e.g., biodiversity loss, ocean acidification, freshwater
access), the detrimental effects on our climate are irreversible, distributed world-wide, and
severe (IPCC, 2014). Humanity is responsible for this environmental destruction; we are thus
responsible for mitigating the consequences and preventing the worst of what could come.
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Figure 2 “Global mean surface temperature increase at the time global CO2 emissions reach a given net cumulative total, plotted
as a function of that total, from various lines of evidence. Coloured plume shows the spread of past and future projections from a
hierarchy of climate-carbon cycle models driven by historical emissions and the four RCPs [Representative Concentration
Pathways] over all times out to 2100, and fades with the decreasing number of available models. Ellipses show total
anthropogenic warming in 2100 versus cumulative CO2 emissions from 1870 to 2100 from a simple climate model (median
climate response) under the scenario categories used in WGIII [See the IPCC Climate Change 2014: Final Synthesis Report for
more information on the scenario categories.] The width of the ellipses in terms of temperature is caused by the impact of
different scenarios for non-CO2 climate drivers. The filled black ellipse shows observed emissions to 2005 and observed
temperatures in the decade 2000–2009 with associated uncertainties.
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Population
Population Growth
As humanity continues to consume global resources at an unprecedented rate while our
population grows, more people will need those resources to ensure their well-being. At our
current rate of population growth, the United Nations predicts we will hit 9.7 billion people by
mid-century, and break 11 billion by 2100 (UNDESA, 2015). But this population growth is not
evenly distributed—Africa has the highest regional Total Fertility Rate (TFR) at 4.8 children per
woman over her lifetime, with North America coming in second to last at only 1.9, below
replacement rate (World Footprint, 2015) (Figure 3). Furthermore, the total amount of CO2
emitted by developing countries is more than that of developed ones (Figure 4). Based on pure
numbers, it's easy to point fingers at Africa and developing regions in Asia (e.g., the Middle
East). Following that path of logic, the Global South would be to blame for most of our current
environmental crisis.

Figure 3 TFR by region. Colored circles represent the relative rate of births per woman averaged over a global area.
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Figure 4 “Historic CO2 emissions from 1990 to 2010 of developed (Annex B) and developing (non-Annex B) countries with
emissions allocated to production/territorial (as in the Kyoto Protocol) and the consumption of goods and services (production
plus imports minus exports). The shaded areas are the trade balance (difference) between Annex B/non-Annex B production and
consumption” (Peters).

Pure statistics lack context, though. In 2013, there were three times as many people in the
developing countries as there were in developed ones; the per capita impact of developing
countries is as a result much lower (Population Reference Bureau, 2013). Indeed, an ecological
footprint can be more telling of a region's environmental impact, because it is a more qualitative
than quantitative measure. Western countries have a swollen footprint—as a proportion of the
total global footprint, ours are disproportionately large, meaning we have some of the highest
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footprints per capita worldwide (World Wildlife Fund, 2006) (Figure 5). In fact, around half of
all total carbon emissions come from the wealthiest 11 percent of people (Raworth, 2012).

Figure 5 Country size showing national footprints relative to global footprint. Color indicating national footprint per capita (World Wildlife
Fund).

Environmental Impacts Increase as Countries Industrialize
The role population plays in future climate conditions comes from how a population's needs
change as its people get wealthier. Around the world, countries are industrializing and more
people have more money. With greater wealth comes more disposable income, and the rise of a
consumer class—and this socio-economic class is growing. The countries currently
industrializing are those with the highest population growth, located typically in the Global
South in Africa, Latin America, and developing parts of Asia including the Middle East (Figures
9

6, 3). This population growth and economic development work in tandem; more people
participating in industrializing the economy, more people reaping the financial benefits, more
people entering the consumerist middle class. But increased worldwide participation in
materialistic consumerism can take a high toll on the environment.

Figure 6 World map showing countries the International Monetary Fund categorizes as above (in blue) or below (in orange) the
world average Gross National Product (GNP) based on purchasing power parity (PPP)--essentially a measure of wealth per capita.
This wealth divide is highly correlated with the divide between the Global North and South. (Sogamespo).

A burgeoning consumer class wants bigger houses, to drive more vehicles, and to engage in
more air travel (Harris, 2012). Increased fossil fuel combustion from maintaining a comfortable
climate in those homes and fueling the vehicles and airplanes can increase carbon emissions
dramatically, but who are we in the West to deny a new middle class the same comforts we
currently enjoy?
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In addition to more fossil fuel intensive lifestyles, when populations get wealthier there is an
increased demand for meat and dairy products (Harris, 2012). This leads to a whole host of other
environmental consequences. Greater demand for meat will only increase the green house gas
contributions of the livestock industry, which currently accounts for at least 18 percent of all
emissions in CO2 equivalents (Harris, 2012). In order to feed the increase in livestock, a greater
portion of the global nitrogen budget would be used in fertilizer for growing grain—with 33
percent of the budget already consumed to produce enough meat just for the United Kingdom,
just 7 percent of the world population (Raworth, 2012). Fertilizer factories now fix more nitrogen
from the air than the biosphere and cryosphere combined, in order to make the fertilizer that is
applied in enough excess to our agricultural fields that nutrient-rich runoff has become a global
phenomenon (Kolbert, 2011). Agricultural runoff accumulates in our oceans, which facilitates
algal blooms that trigger massive marine ecosystem die-offs all over the world (Kolbert, 2011).
As more grain is grown for larger farms of livestock, less land is available to feed the 795
million people that currently don't have enough food to be healthy and active (Harris, 2012, &
WFP, 2015). Lastly, rise in global meat consumption brings about abrupt and drastic destruction
of natural ecosystems already seen in the Amazon Basin, where by 2012, 70 percent of
deforested land was in use as livestock pasture (Harris, 2012). The environmental impact of meat
production is complex and far-reaching, growing as our world industrializes. While the Global
North continues to consumes meat at this ravenous pace, though, developed countries have no
basis for recommending a meat-sparse diet to industrializing regions.
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The Role of Population
The unbridled fossil fuel combustion and meat consumption of industrialized countries explains
the Global North's high ecological footprint per capita. It would be lazy and selfish to pin the
solution to climate change on reducing mere numbers of people in parts of the world with the
lowest impact per person, when total population size is not an accurate way to assess impact on
the environment. Rather, the blame for climate change has much more to do with resource use
per capita and the consumption habits of the West.

That being said, the human population is still increasing towards carrying capacity (Cohen,
2005). As supplement to changing consumption patterns in the Global North, slowing population
growth would be a valuable contribution to climate policy, reducing anthropogenic contributions
to climate change by as much as 29% (O'Neill, 2010). Failure to include measures to slow
population growth would ignore the reality that it has had a demonstrable role in creating the
problem we're facing, and could disregard a potential strategy for a long-term solution to global
warming.

Slowing Population Growth
The next step, then, is to examine what factors influence a woman’s Total Fertility Rate (TFR),
and, consequently, population growth.

Access to Education
Without a doubt, maternal access to at least primary education significantly lowers TFR across
the board (UNESCO, 2010) (Figure 7). World leaders in a United Nations Commission on
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Population and Development agree that educated women are better able to plan their families,
and are “more aware of opportunities presented by having fewer children” (UNESC, 2011). In
Brazil, increased education for girls—in combination with other regional factors—is associated
with a drop in TFR from 6.3 in 1960 to 2.4 in 2000 (National Geographic, 2011). Over the span
of those four decades, the average number of years a female was in school more than quadrupled
to 8.6; males stayed in school longer, too, jumping from 2.5 to 7.3 (National Geographic, 2011).
This is a strong correlation between increased access to education and decreased TFR, and
should not be ignored.

Figure 7 “Maternal education greatly reduces fertility rates. TFR (number of live births per woman) by level of maternal
education, selected countries, 2005-2011” (UNESCO).
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In places like Brazil, where the average number of years that males and females enroll in school
has historically increased in parallel, male education probably has a factor in reducing TFR.
However, in most places around the world, boys are much more likely than girls to be in school,
and for longer. Since 1999, the gender disparity has narrowed, but despite the clear need, access
to education for girls is still unequal or not enough (UNGEI, 2014). In countries with the lowest
incomes, males are enrolled four percent more than females in primary and secondary education
(UNESCO, 2010). Four or five percent might seem small, but over the world population, that
translates to 31 million girls out of school, 55 percent of whom are likely never to enroll
(UNESCO, 2010). Furthermore, enrollment in school does not necessarily lead to completion—
for example, in Malawi and Rwanda, around 45 percent of girls enroll in lower secondary school,
but fewer than 5 percent of poor, rural girls complete their education (UNESCO, 2010).

Across the globe, girls face the most extreme cases of gender disparity in education. In the
transition between post-primary and secondary schooling, factors including child marriage,
school-related gender-based violence (SRGBV), and lack of a gender-sensitive environment and
curriculum contribute to this disparity (UNGEI, 2014). In Sierra Leone, 21.3 percent of girls who
responded to a study by UNICEF miss school when they're on their period—meaning they're in
school only three-quarters of the time their male counterparts are (UNGEI, 2014). Indeed, in a lot
of places, the clean and private facilities necessary for menstrual hygiene just don't exist. Only
half of the primary schools in developing countries have basic sanitation (UNGEI, 2014). This
can be due to lack of funding or maintenance, but it makes menstrual hygiene a huge factor
preventing adolescent girls from attending class.
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In countries all over the world, total enrollment in school has increased 20 percent since 1999,
but with less than half the population of low income countries completing secondary school, that
leaves millions of youth without access to “increased awareness of employment, schooling, and
health opportunities for themselves and their children” (UNESC, 2011).

Access to Comprehensive Sexuality Education
Even more than primary or secondary school, access to comprehensive sexuality education
(CSE) is directly linked to an increase in use of contraception, and thus a decrease in TFR. As a
United Nations Educational, Scientific and Cultural Organization standard, comprehensive
sexuality education is age-appropriate, culturally relevant, and scientifically accurate information
about sexuality and relationships (UNESCO, 2010). A research study in India on the effects of
CSE showed demand for contraceptives increase from 25 to 40 percent after participation in a
community-based and age-appropriate reproductive health education program (Daniel, 2008).
Research in the Unites States has shown that CSE is associated with 50 percent lower risk of teen
pregnancy than abstinence-only education, and young people who participated in CSE programs
were significantly less likely to have an unintended pregnancy than those who received no sex ed
at all (SIECUS, 2008). The story is a little different in Niger, where society is much more
patriarchal. Changing attitudes about using contraceptives must start with men, and it must start
soon: Niger has the highest TFR worldwide. One solution, a so-called “School for Husbands”
has increased female reported use of contraceptives from 5 to 13 percent since 2004 (Beaubien,
2014). Time and time again, comprehensive sexuality education is the most effective way to
increase use of contraception, and decrease TFR, unintended pregnancies, and future population
projections.
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Much like access to primary and secondary education, access to CSE is extremely limited around
the world. In a survey of youth in four sub-Sahara African countries (Burkina Faso, Ghana,
Malawi, and Uganda) only about half of 15- to 19-year olds have had any form of sex education
in school, but “by age 20, more than 75 percent of females and more than 60 percent of males
have had sex” (Guttmacher, 2007). Burkina Faso, Ghana, and Malawi are all ranked in the top 10
of countries with the highest fertility rates; Uganda falls at 36th (The World Factbook: Country
Comparisons). In the United States, only 22 states require any sexual education curriculum, with
only 13 requiring that the instruction be medically accurate (Guttmacher, 2015, November)
(Figure 8). The direct link between lowering TFR through CSE is powerful, pointing towards
access to sexuality education as another essential tool to slow population growth.

Figure 8 States in the United States not requiring sexual education, if provided, to be medically accurate.
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Access to Family Planning and Women's Healthcare Services
Even if women are educated about contraception and want it, they must overcome the hurdle of
accessing it. This is a problem around the world, like in Nigeria, where only 31 percent of
demand for contraception is met (Figure 9). In the United States, only as recently as July 2015
under the Affordable Care Act, did access to free contraceptives as a “preventive service”
become required of most private health plans (Guttmacher, 2015, October). Interestingly, in five
sub-Saharan Africa countries (Benin, Kenya, Malawi, Senegal, Uganda), only 2 to 8 percent of
women said lack of access was the reason they didn't use contraception (Population Reference
Bureau, 2014).

Access to abortion care, as use as an emergency contraceptive, is even more limited. In India—
where abortion has been legal since 1971—an estimated “two-thirds [of abortions] performed are
unsafe, done illegally at home or by quacks and midwives”, killing about 4,600 women each year
(Chatterjee, 2014). With more than 30 percent of women in India illiterate, misinformation about
abortion cost and availability is rampant (UNICEF). Women may have no idea that abortion is
legal and should be free in government hospitals, or must take expensive and lengthy bus rides to
urban centers to access costly medical facilities (Chatterjee, 2014). In the United States, the cost
of abortion is also extremely prohibitive, with the price of surgical abortion around $470 and of
the abortion pill up to $800 (Guttmacher Institute, 2011, & Planned Parenthood, 2014). In only
16 states can women on Medicaid able to use their insurance to pay for an abortion that's outside
of the Hyde Amendment restrictions (which only allows use of federal funds for an abortion if it
endangers the life of the woman or resulted from rape or incest) (Henry J. Kaiser Family
Foundation).
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Figure 9 Percentage of demand met for modern contraceptives shown for a selection of countries. (Population Reference Bureau,
2015).
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Around the world, women are prevented from using modern contraception through cost and
legislation. These barriers hinder a woman's ability to plan her family size and choose her future,
reducing her control over her fertility. Women (and families) empowered through education and
access to healthcare services have fewer children, which, in a world with exponential population
growth, addresses multiple global issues with the same singular strategy.

A Need for Women's Empowerment: In Sum
Slowing population growth can most effectively be accomplished by increasing access to
education (particularly for girls), implementing a global standard of comprehensive sexuality
education, and providing better women's healthcare services. In summary, the barriers to those
strategies are:
- Girls are not staying in school as long as boys because, in many cases, childhood
marriage or needing sanitary facilities for menstrual hygiene keep them away.
- Sexual education is not available, realistic or applicable for sexually active young adults,
or medically accurate.
- If provided at all, sex ed is typically taught in school, leaving the girls who aren't
enrolled at an even greater disadvantage.
- Contraception and abortion care is not available in all the places it's needed. Women
either don't know how to get it, face opposition from husbands or cultural norms, or it is
too expensive.
These barriers are pervasive yet preventable, but despite the fact that they have been identified
by numerous global organizations, they persist, preventing women from achieving empowerment
over their lives. As we've seen, however, this injustice is effecting more than just the everyday
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lives of these women; it's affecting everyone. Addressing population growth is impossible to do
without noticing that the underlying factor required for key solutions is women's empowerment;
facilitating women's empowerment through increased access to education and women's
healthcare services puts us on a path to increasing the quality and sustainability of life for
everyone.

Conclusion
It's clear that our world governments need to start mitigating climate change and reducing
anthropogenic contributions to global warming. While the most effective measures to do so
would be to reduce greenhouse gas emissions and resource consumption by countries in the West,
a multitude of strategies will be needed to thoroughly address climate change. One approach is
preventing future warming, with a decrease in population growth as a bottom-up strategy.
Stabilizing population growth at replacement rate is achieved by empowering women,
particularly by increasing education (particularly for girls), comprehensive sexuality education
for both genders, and access to reproductive healthcare services. Increasing these three factors is
shown to empower women and families to make informed choices about themselves, their
families, and their futures—all of which act to reduce TFR and, thus, population growth. It is this
link between education and slowing population growth that shows the importance of
empowering women to ensuring long-lasting sustainability. Humanity can no longer afford to
overlook the role women's empowerment can play in reducing anthropogenic drivers of
irreversible climate change.
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