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A B S T R A C T

Humanity must commit to transformative change on all levels in order to address the climate emergency and biodiversity collapse. In particular, stabilizing and ultimately reducing the human population size is necessary to ensure the
long-term wellbeing of our species and other life on Earth. We show how this transition can be accomplished in an
equitable framework that promotes human rights. Speciﬁcally, we issue a global appeal for women and men to have
at most one child and call for policy-makers to implement population policies that improve education for girls and
young women and ensure the availability of high-quality family-planning services.

A recently published world scientists' warning of a climate emergency,
with >11,000 signatories, submitted, as one of six actions to mitigate climate
change upheavals, that the human population “must be stabilized—and, ideally, gradually reduced—within a framework that ensures social integrity”
(Ripple et al., 2020, p. 11). In this paper, which is part of the ongoing series
of scientists' warning publications, we propose steps to accomplish this
within a framework that ensures and furthers human rights.
While the speed at which climate disruption and biodiversity destruction are unfolding is alarming, the population factor continues to be
ignored, sidestepped, or denied (Bongaarts and O'Neill, 2018; Ehrlich and
Ehrlich, 2013; Kopnina and Washington, 2016; Ripple et al., 2017). This
makes no sense—population is a primary variable underlying humanity's
net consumption and waste output and thus a signiﬁcant driver of global
change. It took 200,000 years for human numbers to reach one billion in
the early 19th century, then just 200 years (1/1000th as much time) to
grow exponentially by over seven-fold to 7.9 billion today (Fig. 1). One
result is that half the fossil fuels ever consumed by humans have been
burned in just the past 35 years, accompanied by half of all climatedriving anthropogenic CO2 emissions.
Despite the connection of population size to eco-catastrophe, the trajectory of global population growth toward 10 to 11 billion by the end of the
century is usually treated as a given, even though socially desirable policies
and actions exist that can alter our demographic destiny (Crist et al., 2017;
Engelman, 2016). Indeed, alternative projections by the United Nations
(UN) demonstrate the massive difference in the global population that
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results from even slight differences in family size (Fig. 2), accentuating
the urgent need for public engagement with the population question. We
propose steps that will expedite a demographic trajectory below the UN
median scenario, thereby facilitating humanity's capacity to protect biodiversity, alleviate climatic disruption, and preempt human and nonhuman
suffering and displacements.
We tackle the population question as a global issue. On a nation-bynation basis, demographic trends vary greatly around the world, and
actions to reduce population size and growth in different places are both
overlapping and divergent (Ezeh et al., 2012). Beyond societal variances,
the international imperative in this time of converging calamities is to
lower the total fertility rate (TFR) beneath the replacement ﬁgure of 2.1
(currently it is 2.4), in order to slowly reduce the global population beneath
current levels. Environmental analysts regard a sustainable human population as one enjoying a modest, equitable middle-class standard of living on
a planet retaining its biodiversity and with climate-related adversities
minimized. Analysts' estimate of that population size vary between 2 and
4 billion people, a ﬁgure obviously well below the present 7.9 (Dasgupta,
2019; Pimentel et al., 2010; Rees, 2020). While the global fertility rate
has been declining since the late 1960s, it continues to remain well above
the replacement level, and the total population size is likely to reach
8 billion by early 2023. By pursuing the actions and policies we propose
below, the human population can stop growing within this century and
begin to gradually decline, more reliably and with far less suffering than
the “invisible hand” of modernization and urbanization (or, as it is appearing likely, eco-catastrophe) would effect sometime in the 22nd century. In
broad terms, we call for two types of actions for 1) individuals and
2) policy-makers.
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raising and a global social shift. It is a choice that challenges received
pronatalist norms and childbearing expectations that do not presently serve
the greater good. Such a voluntary movement could occur globally, and
thus reﬂect local cultures and values. Consequently, it is at low risk of
being misapplied to justify coercive government mandates, in the way that
some have argued U.S. scientists' recommendations were a driving force
behind China's one-child policy that restricted many families to having at
most one child (Greenhalgh, 2003).
Our second action call is for policy-makers to implement population
policies with two key female empowerment components involving education and family-planning services. Nations with high gender inequality
have high fertility rates. Thus where moderate to rapid population growth
is still occurring, the most effective and human-rights enhancing antidote is
achieving full gender equality, including economic opportunities and legal
rights for women, beginning with ensuring education of all girls and young
women (Dasgupta and Ehrlich, 2013). The average number of children a
woman brings into the world drops proportionately with her years of
schooling, with the most dramatic drop occurring with completion of secondary education (Cohen, 2008). Alongside ambitious investment in
schooling girls (and more broadly, of course, all children), priority should
be given to making high-quality family-planning services available to
every woman on the planet, while economic, geographic, and cultural barriers to access should be removed (Bongaarts, 2016; Campbell and Bedford,
2009). The combination of institutional support to plan one's child-bearing
choices and educational attainment, including enhanced opportunity for
higher education for women, yields immediate fertility declines. The reason
this occurs is that when women are empowered both socioculturally and
pragmatically to decide how many children to have, they overwhelmingly
choose few (or no) children, regardless of their religious, national, and
ethnic background. What certain demographers describe as, on average,
women's “latent desire” for fewer children surfaces when women's empowerment conditions line up (Campbell and Bedford, 2009).
Additionally, we advocate for the global dissemination of the UN curriculum of “Comprehensive Sexuality Education” (CSE). The need for this indepth curriculum applies to all countries (wealthy, middle-income, and
poor), regardless of their demographic proﬁle, for it delivers profound beneﬁts to young people's quality of life. Because CSE fosters critical thinking
across the spectrum of sexuality issues, those who enroll in it are more
prone to delay sexual initiation, use contraceptives when sexual relations
begin, create fulﬁlling and egalitarian intimate relationships, and show
respect for different sexual orientations (Kaidbey and Engelman, 2017).
Regarding the demographically-relevant effects of CSE, it results in
dramatic reduction of unintended pregnancy, which in turn contributes to
decelerating population growth (Engelman, 2012). The latter aggregate
effect supervenes because the averted pregnancies either occur later as
intentional ones or do not occur at all.
In-depth sexuality education needs to be recognized internationally as a
fundamental human right. Critical thinking about sexuality empowers individual decision-making and fosters greater equity and sensitivity, while
also contributing to global population reduction almost as a side effect.
Sexuality education initiatives may be most empowering when they are
holistic and provide historical context about struggles by women to manage
their fertility (e.g., Horga et al., 2013). Indeed, a comprehensive sexuality
curriculum should be enthusiastically embraced across the political spectrum: by liberals and feminists for its effect of heightening awareness
around gender roles, body image, and gay rights issues; and by conservatives for substantially reducing the need for abortion by preempting its
main cause—unintended pregnancy (Sedgh et al., 2014).
In countries and regions where moderate to rapid population growth
continues, the root causes are gender inequality and inequity (patriarchy),
poverty, child marriage, and the synergies between them (Campbell et al.,
2007; Dasgupta and Ehrlich, 2013). Redressing these factors calls for both
targeted ﬁnancial interventions and consciousness raising. With respect to
poverty alleviation, we support instituting a global wealth tax to counter
conditions of impoverishment that underlie the demographic trap of
population growth feeding continued poverty in a vicious circle. Wealth
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Fig. 1. Historical trend of global human population. From 10,000 BCE to 2000 CE,
the world population increased from 2 to 6145 million people. This resulted in a
concurrent increase in the density of humans from <0.1 person km−2 to nearly
46 persons km−2.
Data source: Goldewijk et al. (2017).

Our ﬁrst action call is a direct, global appeal to all women and men to
choose none or at most one child. Individuals, especially if they aspire to
large families, may pursue adoption, which is a desirable and compassionate
choice for children who are here and need to be cared for. A trend of voluntarily choosing one or no children, or adoption, is already rising as a grassroots phenomenon among young people indisposed to bringing children
into a world strained to the breaking point by species extinctions, extreme
weather, soil degradation, freshwater shortages, global toxiﬁcation, desertiﬁcation, escalating mega wildﬁres, environmental refugees, and the potential
of resource wars (possibly nuclear) (Schneider-Mayerson and Leong, 2020).
Taking advantage of social media and other linkages outside the operations
of governments, a civil society “No-to-Low Birth” movement can exercise
enormous leverage vis-à-vis decelerating the population momentum. Opting
for reproduction at the lowest end of “below replacement” represents an
intentional individual/family choice that can contribute to consciousness
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Fig. 2. Past and projected global population to the year 2100 under three different
scenarios, including where total fertility is projected to reach levels that are 0.5
births above and below the total fertility in the median scenario. The world
population sizes at year 2100 for the three scenarios are approximately 15.6
billion, 10.9 billion, and 7.3 billion for the high, median, and low scenarios
respectively.
Data source: United Nations (2019).
2

E. Crist et al.

Science of the Total Environment 845 (2022) 157166

based on equity, rights, voluntarism, and accountability (Hardee and
Jordan, 2021). Concurrently, afﬂuent overconsumption must be curbed
since wealthy people are responsible for substantial greenhouse gas emissions and other environmental impacts (Wiedmann et al., 2020). This can
be accomplished using policies that support economic degrowth—downscaling resource and energy throughput while securing wellbeing (Kallis
et al., 2018; Wiedmann et al., 2020).
The twenty-ﬁrst century is a bottleneck through which we must endeavor to save and restore Earth's biodiversity and the crucial ecological
life-supports it supplies, to tame climate change, and to avert and minimize
disease, starvations, conﬂict, and displacement (Bradshaw et al., 2021;
Ceballos et al., 2017; Díaz et al., 2019). Moving through this bottleneck
will have greater odds of success if child-bearing women globally voluntarily choose to have no children or no more than one, over the remaining
course of the 21st century. Many currently proposed solutions are singlemindedly focused on the short term—especially what to do in the next
few years to address the climate emergency and widening global inequality
(Bokat-Lindell, 2019). While an orientation toward the short-term is
critically important, redressing the population factor through voluntary
individual choice and human-rights frameworks directs humanity toward
the equally important horizons of the medium- and long-term. This is especially critical when one considers the multiple population interactions with
overconsumption in a world where the global middle class is growing, and
with the use of malign technologies in degrading Earth's ecological integrity
(Ehrlich and Holdren, 1971; Kharas, 2017). It follows that attempting to
address either population or overconsumption alone is inadequate
(Bradshaw et al., 2021). This is encapsulated in the “IPAT” framework,
which relates environmental Impacts (I) to Population (P), Afﬂuence (A),
and Technology (T), and can be used to model ecological overshoot
(Ehrlich and Holdren, 1971; McBain et al., 2017).
Human beings are endowed with attributes of discerning intelligence,
including capacities for logic, evidence-based reasoning, compassion, and
deliberately shaping the future. We are also capable of extraordinary levels
of intergroup cooperation in pursuit of shared goals. The future of all
complex life depends on unprecedented international collaboration in the
application of our best science and reasoning capabilities in a global redirection toward the common good. Through an intentional global course
away from the 11-billion median projection, we can chart a far more hopeful trajectory than the one to which we are presently committed: toward
inhabiting a planet of still-thriving biodiversity, in which climate change
has been rendered less turbulent, and a solid foundation for inclusive
justice, human and nonhuman, has been deliberately laid.

redistribution from such a global tax should be directed toward clean
sanitation and water availability, food sovereignty, and electriﬁcation via
renewables (McKibben, 2019; O'Neill et al., 2018). This redistribution is
socially just in that the largest contributors would generally be the wealthy
nations, industries, and people who have beneﬁtted the most from
humanity's massive-scale historical and contemporary use of fossil fuels.
In contrast, per capita emissions in less wealthy regions are far lower,
although this will change (barring economic collapse or other surprises)
as globalization continues and the global middle class expands.
The global community, however, no longer measures poverty strictly in
terms of lacking the basics. Alleviating poverty also includes provisioning
public services, most especially healthcare and education. Global wealth redistribution should also be directed to family-planning services, including
facilities, expert personnel, and robust networks to bring reproductivehealth amenities and the full array of contraceptives to people in all rural
and urban settings (Cleland et al., 2006). Family planning is not an issue
for women alone; signiﬁcant funding should be allocated to educate men
about the option of vasectomy and to ensure this procedure is safe and readily available to men who choose it. Additionally, funds can be used for
building schools, paying teachers, and provisioning educational supplies,
so education and literacy become universal achievements. Regarding
cultural interventions advancing human rights—especially children's and
women's rights—ﬁnancial, legal, media, and educational programs can be
fast-tracked to raise awareness about gender inequality and injustice, to
incentivize parents to school their children, and to institute zero tolerance
toward child marriage and all forms of child exploitation (Wodon et al.,
2017). Unsurprisingly, the cultural practice of “child brides” plagues
societies where rapid population growth is occurring. The international
community must mobilize to abolish this form of child abuse, and to afﬁrm
in action girls' (and boys') rights to be protected, educated, and cared for
into adulthood.
In the developed and emerging-economy regions, where the TFR is at or
below replacement, this is a demographic attainment to be celebrated. To
allay fears about pension and social security shortfalls, precautionary
policies can forestall problems arising from an inevitable period of age imbalance and senior-heavy societies (Smeeding, 2014). Such policies include
encouraging savings and curbing debt, as well as reforming food subsidies,
guidelines, and advocacy toward healthier, more plant-based diet choices
in order to slash ballooning public healthcare budgets (Willett et al.,
2019). Additionally, given the substantial movements of people expected
in this century, falling populations in developed countries with aging
populations can foster greater leniencies toward immigration ﬂows from
the developing world.
Countering the threat of funding shortfalls for seniors is a matter of
political will—it is not an insurmountable problem. Consequences of
aging population structures surface sooner or later: populations cannot go
on growing indeﬁnitely and on average (extrapolating from past trends)
people are living longer. In a world facing existential threats from multiple
directions, it is folly to bank old-age security on continued population
growth. Instead, we can move toward decelerating population growth
within human-rights frameworks, while rethinking retirement funding
strategies by revising budget allocation priorities. On that note, we support
calls for an international initiative to redirect an equal, sizeable fraction of
all countries' military budgets toward social security, pension, and universal
basic income (Klein, 2019). Our ecological predicament, which is imperiling human and nonhuman worlds alike, exposes the absurdity of investing
vast sums of money, energy, and brainpower into military ventures.
The policy directions we advocate, along with our No-to-Low Birth appeal to civil society, if pursued, will direct human population size toward
a destination where we can meet the Sustainable Development Goals
(United Nations, 2022). Deliberately and humanely sloping the population
trajectory downward will reduce pressures that additional people would
place on the planet, while also substantially lessening anticipated hardships
and suffering in this century. Although much more work is needed, there
are some promising signs, including the development of the FP2030 global
partnership, which is built on a vision for sexual and reproductive health
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