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Editorial introduction

David Samways — Editor

The eighth issue of the JP&S is published in the midst of the COVID-19 crisis. The
JP&S will in due course have a special issue devoted to the role of population in
pandemic risk, but for the present it is worth reflecting on how COVID-19 and
global pandemics in general relate to population and environmental issues and
in particular to some of the themes covered by the papers (mostly written well
before the pandemic) in this issue.

The immediate impact of the pandemic and its management have rightly
been the focus of concern, but the factors which led to the generation of the
pandemic itself are also of great importance given the costs in terms of both
human health and disruption to the lives of billions of people. The causes of the
pandemic are multiple, but population growth and density are amongst the most
significant. Along with specific consumption factors, the globalisation of the world
economy and other elements of our socio-technical systems, the ever-growing
entanglement of human populations with wild species has played a pivotal role in
the generation of the current crisis.

As llan Kelman points out in his paper published here, the current pandemicis, like
many so-called ‘natural’ disasters, not 'natural’ at all but the result of our societal
choices. In the case of COVID-19, the choices which have been significant are
not limited to how we have dealt with the spread of the disease, but also include
choices made in other spheres such as the economy, international development,
socio-technical structures and so on that formed the unacknowledged conditions
which facilitated the generation of the pandemic itself. At the micro level,
many of these ‘choices’ may have been passively made, the outcome of deeply
embedded social practices and ways of life, the taken-for-granted aspects of
everyday life. For many of those whose direct entanglement with the natural
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world exposes them to zoonotic reservoirs, the social practices in which they are
engaged are frequently well beyond the level of active choice. It is often the
rural poor of the Global South who are most exposed as population growth and
poverty lead them to clear forest and establish subsistence cultivation only to be
later displaced by commercial interests (Carr, 2009; Lopez-Carr and Burgdorfer,
2013; Kong et al., 2019).

The trade in wildlife for bushmeat, traditional “medicines” and other cultural
practices is also a factor in the spread of zoonoses. COVID-19 is believed to have
originated in bats with the Malaysian pangolin, trafficked for use in traditional
Chinese medicine, as an intermediary species (Ye et al. 2020; Wong et al.
2020). Among the many factors identified as drivers of the illegal wildlife trade,
economic growth and globalisation are critical. In more developed countries the
combination of population growth, urbanisation and increased affluence has
fuelled demand while in poorer regions population growth and rural poverty
are drivers of supply. Importantly, supply and demand have been connected by
improved roads to formally inaccessible wilderness locations and trade routes to
far away markets (Wolfe et al. 2005; Nijman, 2010; Rosen and Smith; 2010).

However, it would be mistaken to regard population, consumption (affluence),
and technology (transportation systems)' as simple drivers of our entanglement
with nature and its associated risks. As Joel Cohen (2017) has argued, culture is
a critical factor in how population, the economy and the environment articulate
with each other (Fig. 1). Duffy et al. (2016) have argued that in respect of the
hunting of endangered wildlife, poverty? has been poorly conceptualised and
that the motivations of individuals and social groups to hunt have frequently been
reduced to an economic rationality. However, as they demonstrate, motivations
for hunting often arise from deeply embedded social and cultural factors and that
policies aimed at reducing hunting through financial incentives frequently fail or
even unintentionally increase the ability to hunt or consume bushmeat.

1 As per Holdren and Ehrlich’s (1971) impact = population x affluence x technology (IPAT).
2 Dufy et al. do not connect poverty with population growth, however it is nonetheless a crucial
dimension (UNFPA 2014).
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Figure 1. Joel E. Cohen’s (2010) tetrahedron conceptualising the
interactions between population, environment, economy and culture.

Population

Environment

Economy

As a driver of human entanglement with nature, population growth itself also has
important socio-cultural dimensions which are not generally modelled in standard
demographic transition approaches where economic development is seen as the
primary determinant of reduced fertility. In addition to the availability of sexual
health services, female education, and the general reduction in poverty, social
norms surrounding family size are an important determinant of fertility (Dasgupta
and Dasgupta 2017). Influencing these social norms and fertility choices can take
a variety of forms and social marketing methods have been employed successfully
by the Population Media Centre (see Ryerson 2018) and are the subject of Sarah
Baillie, Kelley Dennings and Stephanie Feldstein’s article on the Centre for
Biological Diversity’s (CBD) Endangered Species Condom project in this issue.

As Baillie et al. show, social marketing is a means of “selling a social good as if it
were a commodity”. This structured, theoretically informed, approach has been
successfully employed to address a range of social problems (notably to increase
contraceptive use in India) and is employed by CBD not just as a means of reducing
unplanned pregnancy in the US, but also to start a conversation about the impact
of population growth on endangered species. Innovatively, Endangered Species
Condoms use humour and art to connect sexual health choices with native wildlife
species which are threatened directly by population growth. CBD recognises that
in the US population growth is largely a consequence of immigration, but while
the project is aimed at local reproductive choices the objective is global in that
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the project elevates the environmental consequences of population growth in
public discourses with the aim of ultimately influencing policy makers and, equally
importantly, the environmental NGOs which generally choose to ignore the issue.

llan Kelman's paper is concerned with the ability of society to cope with disaster.
He argues that the vulnerability of a society to the environment or nature is
consequent on societal choices which place people in harm’s way. Demographic
factors including population density can have both positive and negative effects.
While high density urban areas are more likely to have emergency services that are
experienced and well equipped, larger and more closely confined populations, as
in the case of COVID-19, can exacerbate risks. As Jenny Goldie's review of Doug
Kelbaugh's Urban Fix (published here) makes clear, the redesigning of the city
may well offer opportunities for mitigating climate change and overpopulation.
However, Kelbaugh's enthusiasm for high density urban living may be in question
following the pandemic. With population density being a key factor in the spread
of the virus, many who have become acclimatised to home working may well be
reassessing the advantages, costs and risks of urban living.

Worldwide, populations are moving from rural to urban locations and it is this
internal migration that accounts for the majority of all the world's migration (IOM
2020). Currently, just over half the global population live in urban areas, but it is
anticipated that by 2050 this number will rise to 68% (UN, 2018). The COVID-19
pandemic has made the extent of internal migration extremely clear as migrant
workers lose their livelihoods and, en masse, have been forced to return to their
region of origin. The International Labour Organisation estimates that 1.6 of the
2 billion people who work in the world’s informal economy (nearly half the global
workforce) have been severely affected by the pandemic lockdown. The majority
of these workers are in the Global South with women being disproportionately
affected compared to men (ILO, 2020).

This latter aspect of the consequences of the pandemic chimes well with llan
Kelman's observations regarding the gendered dimensions of disasters. In terms
of fatalities men appear to be disproportionately affected by COVID-19 (Jin et al.
2020), but evidence suggests that in social and economic terms women will be
disproportionately affected (ILO, 2020; UN, 2020). Kelman argues that it is gender
differentiated roles rather than inherent qualities that frequently make women
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more vulnerable to disasters. This is certainly the case with the consequences
of COVID-19: women generally earn less and save less than men, they are often
in more insecure employment, are more likely to be heads of single parent
households, the burden of unpaid care work largely falls on them, and on top
of this they are more likely to experience greater levels of domestic violence
during lockdown. From the perspective of population growth the disruption
to sexual health services may result in increased fertility. In the Caribbean and
Latin America it is estimated that 18 million women will lose regular access to
contraception as a result of the pandemic (UN, 2020). The disruption to sexual
health services represents an immediate threat, but the economic impact upon
women in the Global South represents a longer-term risk of stalling the progress
made on increasing fertility choices.

The role of internal migration on urban expansion and population density are
themes of Ripan Debnath'’s contribution to this issue. Exploring the effect of land
use change on local climate in Dhaka, Bangladesh, Debnath models the impact
of rural to urban migration on the rapid growth in Dhaka city and shows, through
the analysis of satellite images and geographic, demographic and climatic data,
that such growth will adversely impact the future urban climate. While influenced
by global and regional climate change, local land cover change will be an
additional exacerbating factor. Land use change from agricultural to urban will
result in both heat stress and flooding which will disproportionately affect the
most recent and poorest migrants who tend to live in low-lying areas. Like Kelman
and Kelbaugh, Debnath argues that the worst effects of such disasters can be
avoided with the right urban planning policy choices. However, like Kelbaugh,
Debnath sees so called ‘smart growth’ principles involving, amongst other things,
higher density development as a possible solution to Dhaka'’s population growth.
Undoubtedly, Debnath and Kelbaugh are correct about better management
and higher density housing being a means of mitigating the impact of climate
change, but the COVID-19 pandemic has demonstrated the adage that where
it comes to environmental problems “there’s no such thing as a free lunch”
and the solution to one problem frequently leads to the creation of other
unanticipated consequences.

Migration is also a major theme of Travis Edwards and Luis Gautier’s article for
this issue of the JP&S which examines the relationship between carbon dioxide
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emissions and population. Where previous studies have concentrated on per
capita carbon dioxide emissions, Edwards and Gautier are concerned with how
increases in population and the use of alternative energy sources affect total
emissions in the USA where immigration is the main driver of population growth.
Edwards and Gautier propose a new model where the Demographic Transition
Model (DTM) (the idea that as countries develop population growth rises and then
falls), and IPAT? are integrated into the Environmental Kuznets Curve (EKC) (the
inverted U shaped graph that frequently shows that as wealth increases pollution
at first rises and then falls). They argue that the concentration on per capita
emissions in most of the EKC literature fails to acknowledge population growth
can lead to increases in total emissions even when per capita emissions are falling.
As a major contributor to the reduction in per capita carbon emissions, Edwards
and Gautier go on to estimate a threshold of alternative energy generation after
which total emissions may fall. Furthermore, following their proposed DTM-IPAT-
EKC model, they argue that the shift in lifestyle that immigrants experience as
they move from low/medium income countries into high-income countries may
contribute to total emissions growth, however this will depend on the level of
alternative energy present in the destination country. They suggest that at present
the rate of growth of alternative energy generation in the US is insufficient to
offset population growth.

Edwards and Gautier note that, since their study considered total carbon
dioxide emissions rather than consumption-based emissions, future research
should address this. This would raise some interesting questions since research
examining the effect of immigration on CO, emissions tends, not unreasonably,
to assume that with rising income migrant consumption conforms to the higher
levels of the destination country (see for example Weber and Sciubba 2018;
Cafaro and Gétmark 2019). However, this assumption is open to question since
it is well established that remittances from migrants to their country of origin
represent around three times the value of official development aid (Ratha et al.
2016) and migrant saving levels are also significant (De et al. 2014). Such income
use will have an obvious impact on immigrant consumption levels, but also shifts
our understanding of migration towards a global developmental perspective.
Remittances represent a significant contribution to development which can have
environmentally beneficial effects (Hecht et al. 2006; Jaquet et al. 2016; Oldekop

3 See note 2.
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et al. 2018; but see also Davis and Lopez-Carr for a more ambiguous account)
and under some circumstances lead to lower fertility (Anwar and Mugha 2016;
Green et al. 2019; Paul et al. 2019. See also Ifelunini et al. 2018 for an account of
increased fertility with remittance receipt). While the impact of remittances on
both environmental impact and fertility is complex and uneven it would appear
that the evidence supports a potentially positive impact if other structures
(education systems and sexual health services for example) are present. Again, the
consequences of the COVID-19 pandemic are pertinent here. As a consequence
of the lockdown and probable economic recession in rich countries, remittances
to the low and middle-income countries are likely to fall as migrants lose their
jobs. The World Bank (2020) estimates that remittance flows to low and middle-
income countries are likely to fall by around 20% at a time when need will be
greatest and foreign direct investment is likely to fall by around 35%. The longer-
term impact on both human wellbeing, population growth and environmental
impact will depend on the actions of countries in the Global North. The impact
of COVID-19 came after the submission of Edwards and Gautier’s paper, but their
conclusion is prescient:

The ability to collectively lower our environmental impact in both
advanced and developing economies is vital to the future of the planet.
Implementing effective environmental and economic policies which can
be strategically enacted for specific stages of development, to reduce
overall environmental degradation while maintaining an acceptable
standard of living, is crucial to this task.

In the post-pandemic world attention to the welfare of people in developing
countries is in the interest of us all.
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INVITED ARTICLE

Disaster vulnerability by demographics?
llan Kelman'

Institute for Risk & Disaster Reduction, University College London, UK
Department of Global Development and Planning, University of Agder,
Kristiansand, Norway

Abstract
This article provides a brief overview of the relationship between disaster
vulnerability and demographic variables. Population numbers and
densities are examined along with using a gender focus as illustrative
of individual characteristics. For the most part, people’s and society’s
choices create vulnerabilities based on demographics rather than
specific demographic characteristics inevitably conferring vulnerability.

Keywords: disaster risk reduction; gender; population; vulnerability

Defining disaster

The question “What is a disaster?” is not straightforward to answer, having been
the subject of books as well as debates over synonyms and the use of terminology
(Britton, 1986; Quarantelli, 1998; Perry and Quarantelli, 2005; Leroy, 2006).
Concatenating the academic literature, dictionaries, and professional glossaries
(e.g. UNISDR, 2017), a straightforward suggestion encompassing these ideas is
that a disaster is defined as "A situation requiring outside support for coping”.

The key is the element of coping. Many environmental phenomena and processes
occur, from volcanic eruptions to droughts to space weather, but not everyone

1 ilan_kelman@hotmail.com. llan Kelman's latest book is Disaster by choice: how our actions turn natural

hazards into catastrophes.
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is affected by them or is affected in the same way. If a house is flood-resistant,
including being resistant to contaminants in the water such as salt and petrol,
then a family might be able to move back in a few days after the water subsides,
compared to several months for many dwellings without flood resistance (Lamond
et al., 2011). Similarly, dwellings built and maintained to resist earthquakes might
not require evacuation unlike those which collapse and kill the occupants (Coburn
& Spence, 2002).

The ability of a society to cope with the environment indicates aspects of
its vulnerability. However, a society’s vulnerability is itself the result of societal
processes which set up people, groups within society, and communities so that
they are harmed by environmental activity and nature becomes hazardous. It is
these vulnerabilities which are the fundamental cause of disasters rather than
natural hazards. The phrase “natural disaster” is therefore preferably avoided
as a misnomer, since disasters themselves are not natural and instead should
simply be referred to as "disasters”. Choices are available to better deal with the
environment, but often we live or are forced to live in places and in ways which
subject us to harm (Hewitt, 1983, 1997; Lewis, 1999, Wisner et al., 2004), such as
not having flood-resistant or earthquake-resistant infrastructure.

Examples of created vulnerabilities are:

* Where we live or are forced to live, in places such as floodplains,
over earthquake faults, on unstable slopes, or near volcanoes. Any
location has advantages and potential environmental hazards, so
understanding them will indicate how to act to avoid a disaster,
provided that resources and opportunities are available.

* How we live or are forced to live, such as with few livelihood options,
without education, and with little opportunity to accumulate assets or

savings which could assist with safer and healthier living.

® Who we are and the population groups to which we belong, such as
population numbers and densities as well as individual characteristics.

18
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This article summarises some aspects of this last point, exploring how
vulnerabilities are not inherent to individuals and groups, but people are made
to be vulnerable by their choices or, more commonly, by the choices of others.

Population numbers and densities

By definition, a disaster cannot occur without people and society being affected,
with a disaster’s scale defined according to these impacts. How do population
numbers and densities influence the potential effects? Are higher numbers more
worrying? As always, the straightforward answer is “it depends”. It depends on
which numbers are considered and the specific context, with no single figure
providing a complete answer.

Consider population numbers. The more people who are affected, the worse a
disaster is generally assumed to be. But absolute numbers of people paint only
part of the picture, because proportional numbers also need to be considered
(Lewis, 1999).

In 1995, the Caribbean island of Montserrat had a population of approximately
12,000 people when the volcano comprising the island starting erupting, settling
down only in the past few years. During the two decades of eruptions, most of the
island’s infrastructure was destroyed and the entire population fled their homes,
some to rebuild in the island’s north and up to 2/3 of the population to other
countries, with many but not all of them eventually returning (Pattullo, 2000). On
June 25, 1997, at least nineteen people were killed in pyroclastic flows.

All Montserratians directly experienced this disaster, with 100% of lives being
upended and possible long-term impacts from continual inhalation of volcanic ash
still to be determined (Baxter et al., 2014). Yet the number of immediate deaths
was small and even the total number of people affected in Montserrat was less
than half the death toll of the 26 December 2003 earthquake in Bam, southern Iran
(Ghafory-Ashtiany, 2004). Comparatively, though, 0.16% of Montserrat's population
was killed by the volcano in 1997 compared to 0.038% of Iran’s population killed by
the earthquake in 2003 — a far higher percentage in Montserrat.

Examining absolute numbers makes Montserrat’s disaster appear irrelevant
compared to Bam'’s. Examining proportions makes Montserrat's disaster appear

19
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to be far worse than Bam's. Both were disasters in their own right, but each had
different characteristics in terms of population numbers affected, meaning that
it is not straightforward to compare them. Neither should necessarily be made
out to be a worse disaster than the other; both were devastating, could have had
their impacts reduced through prevention, and required major responses and
reconstruction. Proportional vulnerability and absolute vulnerability each provide
different but important disaster-related perspectives (Lewis, 1999).

Similar aspects of “it depends” emerge for population density. One often-heard
mantra is that urbanization worsens disasters due to higher population densities.
Cities expanding means larger population numbers concentrated within the
same agglomeration, augmenting disaster risk and making disasters worse.

The flipside is that more people are available to assist. High-density urban areas
sometimes have the most experienced, best equipped, and highest concentration
of emergency services (e.g. Reames et al., 2009 for emergency physicians in
Oklahoma), including healthcare facilities, as well as shorter transportation
times to the nearest one (e.g. Fleischman et al., 2011 for paediatrics in Oregon).
Logistics and planning personnel are likely to be dealing with larger and more
closely confined populations in cities, and this is certainly a major factor in the
high infection and death rates in London and New York during the 2020 Covid-19
pandemic. They are also dealing with smaller areas and typically more options
for supply chains, transportation, distribution networks, and nearby skilled
people — although this does not necessarily translate into improved or easier
disaster responses (Kovacs and Spens, 2012). Urban areas without formal or well-
maintained roads, as often exist in informal settlements, are a logistical nightmare
for emergency services and supply chains.

Another disadvantage of cities is that, if multiple hospitals or fire stations are put
out of action by the disaster, then the emergency services will be overloaded and
the non-urban areas in the vicinity are not likely to be able to take up the slack.
In addition, many examples exist of rural areas with better disaster prevention
and response than larger centres; for instance, Johnston (2015) found that more
isolated communities in Fiji had received less disaster aid in previous cyclones
and so were more prepared than their larger counterparts who had previously
received, and therefore expected to receive, external aid. Moreover, much is
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contextual: rural rescuers are likely to be more familiar with isolated mountain
rescue than their urban counterparts, while the latter probably know large
building collapse rescue better.

Similarly, the siting of a city or other settlement can be selected to reduce (or
increase) the possibility of environmental hazards, irrespective of population
numbers and densities. If a large city develops in a country’s least hazardous
location while a village is placed in a canyon subject to flash floods, rockfalls,
avalanches, and more, then the overall disaster risk might be more for the village,
despite the large difference in population-based vulnerability and depending
how hazard and vulnerability are quantified for calculating disaster risk.

Conversely, cities tend to be paved over much more than less urban locales,
meaning that rain runs off and pools in low-lying areas, flooding them, rather than
being absorbed by the ground. Green spaces and permeable paved surfaces,
though, can prevent flooding (e.g. Webber et al., 2020 for Melbourne, Australia).
Siting, designing, planning, and landscaping —irrespective of population numbers
and densities — affect many aspects of possible disasters.

Even for disaster evacuation and sheltering, locations with high population density
can enact swift and effective measures through planning, training, suitable routes,
and sufficient vehicles and organisation (Renne, 2018). People in non-urban areas
have frequently been trapped when a wildfire is burning across their only escape
road or a flood or earthquake severs it — or if information flow for warnings is
inhibited, so residents decide not to evacuate, as documented for the Philippines
and Dominica (Yore and Faure Walker, 2020). The safety and success of disaster
evacuation is determined more by preparation and readiness than by population
numbers and densities.

Some cities offer a form of evacuation rarely available in non-urban areas: vertical
evacuation up tall buildings. Provided that the building will remain standing and
not be overwhelmed by a hazard, the quickest, safest, and easiest evacuation
in floods, tsunamis, avalanches, and many types of slides, might be heading to
upper floors (Mostafizi et al., 2019). Even for pyroclastic flows — which are hot, fast
ash and gas clouds from some volcanoes — inner rooms in large buildings might
provide survival spaces against the heat and ash which would be unavailable in
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smaller structures (Spence et al., 2007). The key is that the structures need to
withstand the environmental forces and energies to keep people safe, which is
not a function of population numbers or densities (and which is not always easy
to know in advance).

Disasters are certainly influenced by population numbers and densities, yet
much emerges from societal choices on how to deal with the people in a location.
We can and should make choices to prevent disasters, no matter what the
population numbers.

Individual characteristics: A gender focus

Disasters are also about individual demographic characteristics — such as
age, gender, sex, sexuality, disabilities, medical conditions, ethnicity, race,
caste, religion, belief systems, education, communication abilities including
languages spoken, livelihoods, and wealth among others — playing roles in how
vulnerability is determined by and for individuals. These variables have a range
of dependencies and the interplay among them produces complex analyses,
correlations, causations, and chains of influence. Detailed work has covered
many of these variables, such as religion (Gaillard and Texier, 2010) and disability
(Bennett, 2020), while others, such as prisoners (Gaillard and Navizet, 2012) and
homeless people (Wisner, 1998), have only received sporadic study. Combinations
are now being more fully explored through intersectionality, based on Crenshaw
(1989), where multiple individual characteristics intersect to create, augment, or
diminish vulnerability.

To exemplify individual demographic characteristics, this section addresses
vulnerability differences in males and females, meaning sex-differentiated
vulnerability which, in the literature, tends to be termed gender. ‘Sex’ and
‘gender’ are not interchangeable, since they depict characteristics which are
different and the male-female binary division is not how many people regard
or live their gender. Disaster fatality data has tended to be reported through a
division of women/girls and men/boys (Neumayer and Plimper, 2007) with more
thorough approaches starting to be explored (Gaillard et al., 2017). For now,
gender-differentiated vulnerability generally means comparing girls/women and
boys/men, so the phrase is used here, even though ‘sex-based vulnerability’
would be more correct.
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For instance, following the 26 December 2004 Indian Ocean tsunami, fatality
data from villages in Sri Lanka, India, and Indonesia found that female deaths
were consistently higher than male deaths (Oxfam, 2005). When examining why
this difference emerged, the pattern became clear that the reason was gender-
differentiated roles in society, not that women were inherently more vulnerable to
tsunamis than men. As two examples documented in the report showed, when
the tsunami appeared:

¢ |n an area of Sri Lanka, it was the time at which women bathed in the
sea; a few hours difference would have meant that the women were
not in the water.

¢ In some Acehnese villages, the women were waiting on the shore for
their fisher husbands to come in from the sea with the catch; again a
few hours difference would have changed the situation.

These gender-based roles and the societal separation of the genders creates
gender-based vulnerability leading to gender-differentiated death tolls (Enarson
and Morrow, 1998).

In many of the tsunami-hit locations and other places around the region, further
similarly artificial factors disadvantage women and girls in dealing with water
hazards, including river and coastal floods. Females are typically not taught how
to swim, are not always allowed to leave their home (such as for evacuating)
without a male relative, are expected to be carers which makes evacuation harder
and slower, wear clothes which inhibit running or swimming (and they would
never remove their clothes to survive), and tend to be more malnourished and
hence physically weaker than men. Such points explain why far more females than
males died in the 1991 cyclone in Chittagong, Bangladesh across all age groups
(Begum, 1993; Chowdhury et al., 1993).

Many more factors that lead to women and girl's vulnerabilities become
manifest through examining gender-based data and experiences (e.g. Bates,
2014; Criado Perez, 2020), but are under-researched. They represent the typical,
day-to-day gender-based marginalisation and the normalisation of gender-
based discrimination and violence which reduces options for education, health,
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and initiative, thereby augmenting vulnerability on the basis of gender alone.
Examples are ostracising menstruating women, a legitimate fear of violence and
assault when evacuating or in shelters, the objectification of women'’s bodies,
not considering women'’s bodies when designing clothes and equipment, and
devaluing the importance of girls for rescue and evacuation. In all these instances,
the vulnerabilities are socially constructed.

The same occurs for men and boys, with their vulnerability being socially
constructed through expected cultural roles for them (Enarson and Pease, 2018).
More men than women are recorded as dying in floods in the USA (Doocy et al.,
2013) and Australia (Coates, 1999). The reasons are generally attributed to risk-
taking behaviour, such as driving through floodwater and being in rescue-related
professions. More fundamentally, expectations regarding risk-taking behaviour
are typically foisted on men, especially within contexts of toxic masculinities,
hypermasculinity, assumptions of machoism/machismo, and culturally engrained
mantras such as ‘women and children first’ for rescue when ships sink (Mosher,
1991). Sexual and physical violence against boys and men occurs and is not often
admitted (Zalewski et al., 2018), suggesting that males could also decide to avoid
safe evacuation and sheltering out of fear of being assaulted.

The evidence shows that the demographic categorisation of being male or
female is not the causation of gender-differentiated mortality. Women/girls
or men/boys are not intrinsically or genetically less intelligent, less capable of
surviving floods, or more attuned to water than the other. Instead, gender-based
cultural roles are created, leading to gender-based disaster vulnerabilities and
abilities to overcome these vulnerabilities which, in turn, produce the observed
differences in male-female flood and tsunami mortality — and the same with other
hazards and disasters (Neumayer and Plimper, 2007; Kinnvall and Rydstrom,
2019). Irrespective of females and males having differences in physiology, they
are made by society to have different vulnerabilities due to cultural, not
physiological, constructions.

Disaster by choice

Ultimately, vulnerability is typically not inherent to certain people, populations, or
subgroups. Instead, vulnerability is created by society, usually by some population
groups for others; that is, individuals and groups are made to be vulnerable by the
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choices of others. Even where demographic features do influence vulnerability
directly, we could make choices to reduce this influence and to reduce
vulnerabilities in other ways, showing that “natural disasters” rarely exist.

Yet no situation is ever as simple as it appears in a short paragraph: “we could
make choices” is the crux in terms of why people often cannot make choices, even
if they theoretically could (and would). Considering the influence of population
size on disasters, one approach among many is to seek population stabilisation by
reducing the world’s population growth rate to a negative value in the short-term
followed by a growth rate of zero over the long-term, once a suitable population
size is agreed and achieved.

Who must agree and how will they agree? Who is permitted to make these policy
choices and to enact the subsequent actions, how they are made, and how they
are implemented leads to labyrinthine political entanglements intersecting with
ethics, belief systems, and ideologies (Coole, 2018). The political philosophy of
this decision is particularly troublesome for reaching consensus and consistency,
in terms of balancing how much individuals should have choices regarding
reproduction compared to national governments or international organisations.
Science fiction writers have even speculated about why people have the right
to breed at will, with contraception often government controlled, rather than
contraception being the norm with governmental permission required to have a
child — leading to tortuous ethical consequences of either approach.

The difficulties of managing population stabilisation without neglecting all the
other contributors to disaster vulnerability (and to wider social and environmental
challenges) pushes 'disaster by choice’ into the realm of ‘yes, but whose choice'?
The majority of the world’s population has little prospect for fully tackling the
deep-rooted, systemic structures which make choices for them while denying
their own abilities to choose. The focus on choice, therefore, deserves critique
through examining:

(i) Similarities and differences among choice, free will, agency, and
other notions (Holton, 2006).

(i) The contrasting adages that everyone always has some level or
modicum of choice and that everyone is always highly constrained
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by the norms, rules, and regulations governing our opportunities
and behaviour (Giddens, 1979, 1984; Mouzelis, 1995; Stones, 2005).

If disasters fundamentally come down to choices — namely, someone’s choices
—then much more work is needed to drill down into what choices really are and
the processes by which choices are and should be made, such as when
irreconcilable societal and individual philosophies and values conflict (Baron,
1993, Findlay, 1961).

Nonetheless, there is so much more which those with power and resources could
choose to do more immediately to avert disasters. Even a comet or asteroid,
heading towards the Earth to generate a cataclysmic explosion threatening all
demographic groups within humanity, would not induce a “natural disaster”. We
already have some space monitoring networks and some readiness to deflect or
destroy dangerous objects, but we have a long way to go to safeguard ourselves
fully (Schmidt, 2019). It is our choice to provide only some surveillance and
response capability, rather than ensuring that we could avert a major impact under
all circumstances. Irrespective, some natural hazards might be unstoppable and
could indeed represent true natural disasters, such as gamma-ray bursts (Palmer
et al., 2005) or supernovae from nearby stars (Wallner et al., 2016), ice ages due to
orbital cycles (Hodell 2019), and basaltic flood volcanic eruptions (Courtillot and
Fluteau, 2014).

Apart from these extremes, disasters are not natural because we make choices
to create or tackle vulnerabilities, as illustrated by this brief exploration of
demographics. We need to learn more from the successes to change ‘disaster by
choice’ into 'no disaster by choice’.
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Abstract

The Endangered Species Condoms project was launched 10 years
ago to bring the discussion of human population growth back into the
environmental movement with a focus on human rights and reproductive
justice. In that time, more than 1 million condoms have been distributed
by thousands of volunteers. The principles of social marketing are used
through the Endangered Species Condoms project to create a national
discourse around the population issue. They are introduced in both
formal teaching settings like high school and university classrooms
as well as informal settings like community events and after-hours
programing at zoos and museums to reach a broad, diverse audience.

Keywords: endangered species; outreach; overconsumption; social marketing

Introduction

Human population growth is at the root of our most pressing environmental
issues. The number of people on the planet drives up the demand for resources
which in turn propels climate change, fossil fuel use, habitat destruction, and
biodiversity loss.

1 Corresponding author: sbaillie@biologicaldiversity.org
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However, this topic is rarely discussed within the environmental movement. The
Center for Biological Diversity, a national environmental non-profit based in
the USA, recognizes that it is crucial to have conversations around the effects
of population growth on the environment and wildlife in order to address the
problem. The Center only supports ethical, non-coercive solutions to combat
unchecked human population growth, including comprehensive sex education
and universal access to contraceptive resources and reproductive health care.
Using creative social marketing techniques has helped break down barriers to
bring this important topic back into the environmental discourse.

Social marketing is used to address “wicked problems” — those that are complex
with no easy solution — and unplanned pregnancies are just that. Decreasing
unplanned pregnancies involves improving contraception and sexual education
through policy and infrastructure, along with changing cultural norms around
family size and talking about reproductive health. The social marketing framework
facilitates choosing a behavioral objective along with a priority audience and then
campaigns are designed around this. The objective could be upstream to change
policy with elected officials as the audience or downstream where the objective is
to use contraception and the audience is individuals of reproductive age.

This paper will discuss the importance of talking about population within the
environmental movement, why the Center focuses on domestic reproductive
rights and choices, and how we use a social marketing framework in our creative
outreach to effect change. The Endangered Species Condoms are a unique tool
to start a conversation about the negative impacts of unchecked population
growth. They provide people with a literal tool to prevent unintended pregnancies
and additional information about the ethical solutions we advocate for. We have
developed and grown this program over the past ten years to expand our reach
to new audiences.

Resistance to discussing population as an environmental issue

We are currently in the sixth mass extinction andlosing species atan unprecedented
rate, an estimated 1 million species are at risk of extinction (UNSDG, 2019). There
is a very clear correlation between the growth of the human population and the
extinction rate of species (Scott, 2008; McKinney, 2001; McKee, Chambers and
Guseman, 2013). North America has lost 29 percent of its total bird population
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in the past 48 years (Rosenberg, et al., 2019). Large apex predators adjust their
hunting patterns based on the presence of humans (Suraci et al, 2019), as
do mesocarnivores (Clinchy, et al., 2016). As our population grows, every new
individual needs resources such as food, water, shelter, energy and land, and as
demand on natural resources grows we are negatively impacting wildlife through
destruction of habitats and other changes to the ecosystem.

Despite population beingintrinsically connected to the most urgent environmental
crises of our time, it is rarely directly addressed by the environmental community.
Some organizations and individuals may have different strategic or philosophical
reasons for ignoring the topic. For example, some groups have chosen to focus on
industrial practices and polluting infrastructures rather than individual behavior.
These groups may view the solutions to population such as reproductive rights and
education as outside of their missions or expertise. But we have also found that
many people distance themselves from population discussions because of cultural
taboos around sex or stigma from past transgressions where proposed solutions
for population growth have targeted vulnerable, marginalized communities. In
some cases, groups may support equality, education and healthcare with an
emphasis on other co-benefits like resilience, while excluding language around
population growth to avoid potential negative associations.

In 2009 the Center for Biological Diversity recognized that all our other work to
save species would ultimately be undermined if human population growth was
not addressed. Since it can be a challenging topic for many people to talk about,
we knew we had to be creative if we were going to bring population back into
the environmental movement in a positive, productive way. The award-winning
Endangered Species Condoms project was created to use humor and art to make
the topic of population and family planning easier to approach.

The colorful condom packages include original artwork featuring North American
species threatened by population growth and slogans like “Before it gets any
hotter, think of the sea otter.” Inside the package is more information about
the featured species, how population pressure negatively effects wildlife,
recommended human-rights solutions, and two condoms.

In addition to learning about population and proposed solutions, recipients
literally receive a tool enabling them to have safe sex and help prevent unplanned
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pregnancies. The condoms included in the packages are fair-trade, vegan,
nitrosamine-free and sourced from sustainable rubber plantations.

The Endangered Species Condoms help people make a direct link between
population growth and imperiled wildlife that they care about. Each species
featured on the condom packages was chosen because of its connection to the
threats from our growing human population. For example, monarch butterflies
are disappearing due to corn and soybean crops replacing the native plants they
need to survive. There is also the additional threat of the pesticides used on those
crops, most of which are grown to feed to livestock. Hellbender salamanders are
declining because of increased water pollution from runoff coming from cities
and agriculture. Polar bears have become powerful symbols of climate change
and the effects of greenhouse gas emissions from our ever-growing population.
By starting the conversation with the featured animal, people are reminded of
what they want to save before broaching a potentially uncomfortable topic. As
discussed in more detail below, the Center has successfully used this approach to
start more than a million conversations about the impact of population growth on
wildlife and the environment.

Focusing on population pressure in the U.S.

Since the United States has one of the largest carbon footprints per individual,
Americans have a disproportionate impact per person compared to other
countries. Americans are also responsible for a disproportionate amount of
habitat loss, pollution and waste. The Endangered Species Condoms — and the
Center's Population and Sustainability program as a whole — work to provide a
local context for how wildlife are affected by the twin threats of population growth
and overconsumption. By focusing on these issues side-by-side, we've been able
to demonstrate how they're intertwined and overcome the false dichotomy that
only one or the other is to blame for global pressure on the planet. Although many
population groups focus their work in higher-fertility countries, the Center chooses
to focus our efforts domestically to increase awareness among high-consuming
populations and advance positive solutions to address this global issue.

We acknowledge that U.S. population is growing more from immigration than it

is from the birth rate (Adamy and Overburg, 2019), but we believe that national
immigration policy is not an appropriate or effective solution to address a global
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problem. Furthermore, immigration policy has often been used in the United
States to violate human rights and worsen environmental damage (CBD, n.d.).

Where we do see opportunities for solutions is in addressing reproductive rights.
While the United States is below replacement rate fertility, about 45 percent of all
pregnancies in the country are unintended (Finer and Zolna, 2016). This is high for
a developed country, but it becomes less surprising after learning only 39 states
mandate sex education. Of those, only 17 mandate that it be medically accurate
(Guttmacher Institute, 2019). Thirty nine states stress abstinence, and only 20
states include information about condoms and contraception (Guttmacher
Institute, 2019). In addition, recent federal policies restricting the Affordable
Care Act and Title X clinics are decreasing access to contraception and health
services. Improving access to family planning and education is crucial to slowing
population growth to more sustainable rates.

How social marketing can help change the population narrative

In a previous article published in this journal, William Ryerson (2018) wrote about
entertainment education. He discussed how, when the framework is rooted in
social and behavior-change communications theory, results can be substantial
and cost-effective. Social marketing used by the Center for Biological Diversity is
another successful social and behavior-change framework. The social marketing
process applies marketing principles and techniques to create, communicate,
and deliver value in order to influence behaviors that benefit society as well as
the priority audience (Lee and Kotler, 2011).

The concept emerged in the 1950s when sociologist G.D. Wiebe (1951), in an
article in Public Opinion Quarterly, asked “Why can't we sell brotherhood like we
sell soap?” and explored the challenges of selling a social good as if it were a
commodity. However, it was not until 1971 that Kotler and Zaltman (1971) coined
the term “social marketing” and developed a framework from which to work.
One of the first social issues tackled by social marketing was that of attempting
to increase contraceptive use in India in the 1960s. The effort involved selling
subsidized Nirodh condoms with the assistance of major private sector marketers
like Unilever and Brooke Bond Tea, which helped support distribution of the
product (Harvey, 1999). This trend continued into the 1980s when condoms
emerged as an effective tool to combat the spread of HIV/AIDS (Manoff, 1985).

35



POPULATION AND SUSTAINABILITY VOL 4, NO 2, 2020

Like entertainment education, social marketing is rooted in theories of
behavior change including the Social Ecological Model, Stages of Change or
Transtheoretical Model, Theory of Planned Behavior, Social Cognitive Theory, and
Diffusion of Innovation Theory. These theoretical approaches are used to help
outline research, create a campaign strategy and/or track evaluation metrics. Social
marketing is frequently used in the health sector and is commonly applied to some
environmental issues, such as energy efficiency. It can be used with any social issue
where there’s a beneficial behavior-change component, such as family planning.

Social marketing is a targeted, step-by-step and data-driven process with the
objective of removing the barriers an audience may have to a desired action
and enhance the benefits and motivations to engage in the behavior. There is
a focus on outcomes and impact, and monitoring and evaluation are important
components to track results.

The number and type of social marketing steps can vary, but the following seven
steps show how the Center for Biological Diversity uses the framework for the
Endangered Species Condoms Project (Dennings, 2018):

1. Outcome — Campaign outcomes might be dictated by management,
costs, local government, etc. and should include goals for short and
long-term success. Our long-term outcome is to decrease population
pressure on wildlife and associated habitat by increasing access
to family planning and contraceptive resources. The Endangered
Species Condoms serve the short-term outcome of increasing
visibility and engagement for these issues in support of long-term
behavior and policy change.

2. Action or Behavior — The desired behavior identified for a campaign’s
priority audience should be helpful and have a high likelihood of
the audience engaging in the action. Some behaviors are made
up of sub-actions which may require creating a behavioral map
prior to choosing the behavior the campaign will promote. While
the Endangered Species Condoms facilitate safe sex, the primary
purpose of the colorful, fun packages is as a conversation tool.
The desired action is to spur conversations about population that
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will inspire people to choose whichever birth control method is
right for them and get engaged in supporting access to all forms
of contraception, comprehensive sex education and reproductive
healthcare equality.

.Segment - Although many social issues would benefit from
“everyone” changing their behavior, segmenting people by factors
such as perceived barriers, difficulty of the action, demographics
and receptiveness to different messaging can be used to create
more effective, tailored campaigns. (Lee and Kotler, 2011). While
anyone inspired by the Endangered Species Condoms’ message can
help influence society and the political system, the project’s target
audience is people of child-bearing age. Particularly those who have
not yet made family planning decisions or who are environmentally-
minded but may be unaware of the intersection between the increase
in population and environmental degradation.

. Barriers — The reasons why people are not already engaging in
the desired behavior - including internal barriers like motivation,
knowledge, attitudes, beliefs and abilities as well as external
barriers like infrastructure, economics, access, convenience and
social situations — needs to be researched for each audience and
incorporated into campaign strategies (McKenzie-Mohr, 2011). The
humor, artwork and informational packaging of the Endangered
Species Condoms helps overcome taboos and stigma by providing
an approachable way to frame an often-challenging conversation and
clear information on the problem and positive rights-based solutions.

. Strategy — Many behavior-change strategies are informed by social
science such as the use of prompts, norms, defaults, commitment,
diffusion, feedback, framing, heuristics, incentives, etc. (Michie,
Atkins and West, 2014). Using some of these social science strategies,
the Endangered Species Condoms are an effective way to prompt a
conversation about population and its impact on wildlife. By talking
openly about family planning as a climate change solution we help
normalize the conversation.
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5. Implement - After planning and testing a strategy, it is then
implemented and the results monitored. The Endangered Species
Condoms are distributed through a large volunteer network, with a
focus on particular holidays and events discussed in more detail below.

6. Evaluate — The campaign should be assessed on a regular basis and
adjusted as needed as this is an iterative process. A logic model can
be a useful tool to help think about outputs, outcomes and impact.
The Center evaluates each major condom distribution in addition to
an annual review of the project as a whole.

Anotherway to build acampaign strategy is with marketing's four Ps: Product, Price,
Place and Promotion (Lee and Kotler, 2011). The Endangered Species Condoms
project provides an attention-grabbing product that's related to the message
and given away for free. Place is determined by the focus of each distribution
— for example, some distributions focus on specific geographic locations tied
to holidays or species, while the Pillow Talk program targets institutions such
as zoos, museums and science centers. Finally, the condom package itself and
the use of prompts, norms and framing all contribute to the promotion, which is
enhanced by traditional and social media outreach and, occasionally, advertising
such as posters or billboards.

How the Endangered Species Condoms project works

The Endangered Species Condoms are distributed by hundreds of volunteers
nationwide every year. Around 100,000 condoms are disseminated annually, and
in July 2019 we celebrated giving out our millionth condom. The condoms are
shared three key ways:

1) People submit their ideas year-round for how they want to give
out the condoms, and we send the condoms free of charge to
where we think there are good opportunities for volunteers to
have conversations about population. Volunteers hand out the
condoms in a variety of settings, such as classrooms, health clinics,
churches, community events and college campuses. While we may
offer support and tips for individual distributions, this peer-to-peer
strategy is focused on volunteers choosing where they would like
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to hand out the condoms, allowing us to reach different audiences
in a wide range of communities that we might not otherwise have
access to.

2) The Center organizes several coordinated distributions each year
where thousands of condoms are sent out to be given away within a
particular timeframe or following a theme. Volunteers are recruited
around holidays that are particularly relevant, like Valentine's Day
and Earth Day. We have also recognized World Population Day,
Earth Overshoot Day and World Contraception Day. Additionally, we
send condoms to strategic decision-makers. For example, in 2017
we sent the Endangered Species Condoms to all 100 U.S. Senators
for World Population Day connected to a vote on the Affordable
Care Act. We also sent them to President Trump’s appointees to
Health and Human Services.

By using both traditional and social media to promote these
distributions, we're able to extend the reach of the condoms. This
is done by placing op-eds, blog posts, and targeted local outreach.
These allow the conversations to go beyond just those people who
are receiving the Endangered Species Condoms. For example, a
tweet one senator posted with a picture of the condoms received
more than 4,700 likes, 1,600 retweets, and 170 comments as well as
attracting attention from online alternative news outlets.

3) The interactive Pillow Talk program gives away condoms at special
events held at zoos, museums, science centers and other science
center locations (described in more detail below).

Over the ten years the Endangered Species Condoms project has been active,
there have been three iterations of six condom package designs highlighting
differentspecies. The artwork has been updated to keep the designs contemporary
and different species have been included to represent a broad range of wildlife
affected by human population growth. Some species, like the polar bear and
hellbender, have been present in multiple sets. We also incorporated four
Spanish-language designs in 2017, translating the polar bear and monarch
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butterfly packages and adding the vaquita porpoise and Mexican gray wolf. The
intention was to expand our reach by being more inclusive with our messaging.

The Endangered Species Condoms project also expanded in 2017 to include an
environmental education and outreach program called Pillow Talk. This program
uses engaging activities to discuss the relationship between population and
patterns of consumption, and how Americans’ disproportionate impact per
individual is an important component of our unsustainable population growth.

This program started with zoo, museum, and science center adult-only event
audiences but can be adapted for other settings. We started with these particular
audiences because studies show that people who visit these institutions are
more interested than the average person in ways they can reduce their individual
impact (Falk, 2014)(Falk et al., 2007). Often, they are unaware of the greenhouse
gas emissions impact that having a child has and now can add family planning
to their emissions reduction toolkit (Wynes and Nicholas, 2017)which records the
aggregation of billions of individual decisions. Here we consider a broad range
of individual lifestyle choices and calculate their potential to reduce greenhouse
gas emissions in developed countries, based on 148 scenarios from 39 sources.
We recommend four widely applicable high-impact (i.e. low emissions).

In the past two years, the Center has worked with 53 different institutions and
participated in 100 events around the country. We estimate that we've reached
tens of thousands of individuals through these events that host anywhere from 100
to 3,000 visitors. Volunteers represent the Center at these events to help explain
the message behind the Endangered Species Condoms, answer questions and
facilitate environmental education activities.

The activities provided for Pillow Talk events are designed to also address the
consumption side of the population equation. A game called Carbon Budget
Monopoly helps participants gain a better understanding of the components of
their carbon footprint. Players start with an amount of money to represent the
amount of carbon dioxide that the average American is responsible for annually.
They are then asked a series of questions about their daily life related to diet,
transportation, energy use and having children. Potential answers are broken
down into categories to simplify the responses and calculations. The higher
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the environmental impact of an answer, the more money is owed. For example,
someone who eats meat every day would pay more than a vegetarian or vegan.
The amount of money left over at the end of the game gives the player an idea of
how they compare to the average American and understanding of what actions
make up the biggest parts of their carbon footprint.

Evaluating success

There are challenges in assessing the behavior change of a large national audience,
particularly around long-term issues such as having children or contraceptive
use. Since the condoms are given away at a variety of events by volunteers, we
aren't able to follow up with the recipients to learn if the condoms changed their
perceptions, influenced their family planning decisions or prompted them to
have additional conversations. As a result our evaluation focuses on measuring
the number of conversations between volunteers and condom recipients, the
quality of conversations, social media and earned media.

High-quality conversations are those where we're reaching the intended
audience and the message of the condoms is discussed beyond just the novelty
of the packaging. This is built into the model for Pillow Talk events. For individual
distributors, we are selective in opportunities when screening the requests for the
Endangered Species Condoms. Distributors with a specific plan and audience are
preferred. For example, an environmental science professor at Bellevue College
uses the condoms in her lesson plan. She talks about the connection between
population and species decline and then gives the condoms to her students with
an assignment to share the condoms with someone else and tell them about the
connection. The students then write a paper about how the conversation went.

Though we aren't able to track how every volunteer conversation goes, we do
receive feedback from volunteers and event coordinators from Pillow Talk events,
which helps us evaluate the events and refine our training materials as needed. A
volunteer from an event in Florida describes visitors’ reactions to the condoms:

“As a volunteer, | immediately saw positive changes in people’s
expressions and increases in enthusiasm for listening to our message
when | mentioned the condoms. People seemed much more engaged
by the unusual topic and were genuinely excited about getting to
take the packages home to show people.”
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An event coordinator in Texas emphasizes the importance of drawing these
connections for visitors:

“The Endangered Species Condoms proved a strong attraction for
our guests and a wonderfully playful gateway into connecting the
dots between human behavior and its larger consequences on the
environment. The mission of increasing awareness of our impact on the
globe — from climate change to infringing on natural habitats — can and
should be a part of our daily consciousness.”

We continue to solicit feedback from individual volunteers, event volunteers,
and event coordinators so that we can continually better understand how our
message is received.

Conclusion

Endangered Species Condoms present a unique way to discuss human
population growth and its impacts on our environment. They function as both
a messenger and tool for our recommended solutions. Based on the principles
of social marketing, the condoms serve as an eye-catching form of advocacy,
helping people make the connection between wildlife and family planning
and, by extension, between conservation and reproductive rights. This project
makes these issues more approachable, which we hope continues to inspire
both individuals and other environmental groups to recognize the importance of
tackling population as the urgent issue it is.
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Abstract:

Urbanization-led changes in natural landscape often result in
environmental degradation and subsequently contribute to local
climate variability. Therefore, apart from global climate change, Dhaka
city’s ongoing rapid urban growth may result in altering future local
climate patterns significantly. This study explores transition relationships
between urbanization (population), land cover, and climate (temperature)
of Dhaka city beginning in 1975 through to forecast scenarios up to
2035. Satellite image, geographic, demographic, and climatic data
were analyzed. Change in core urban land cover (area) was regarded
as a function of population growth and was modeled using linear
regression technique. The study developed and validated a time series
(ARIMA) model for predicting mean maximum temperature change
where (forecasted) land cover scenarios were regressors. Throughout
the studied period, the city exhibited an increasing urbanization trend
that indicated persistent growth of core urban land cover in future.
As a result, the city’s mean maximum temperature was found likely to
increase by around 1.5-degree Celsius during 2016-2035 on average
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from that of observed 1996-2015 period. It is expected that findings
of this study may help in recognizing urbanization-led climate change
easily, which is crucial to effective climate change management actions
and urban planning.

Keywords: urbanization; land cover; climate change; time series model;
Dhaka city

1. Background

Urbanization is the process of growth in the proportion of a country’s total urban
population (Thomas, 2008). The majority of the global population currently live
in urban areas, in 2018 this amounted to more than 4 billion people (UN DESA,
2019) and this number is growing at an annual rate of nearly 2% (World Bank,
2018). By 2050, proportion of the global urban population is likely to rise to 68%
which will be mostly contributed by countries in Asia and Africa where the rate of
urbanization is most rapid (UN DESA, 2019). Relevantly, it has been predicted that
Dhaka will have more than 28 million people by 2030 (UN DESA, 2019). Dhaka is
the capital of Bangladesh and the center of political, cultural and economic life.
After liberation in 1971, the population of Dhaka started to rise sharply and since
1991 Dhaka has experienced remarkable urban growth (Rahman, et al., 2008).
The previous annual population growth rate of Dhaka city of 4.2% (Biswas, et al.,
2010) has recently shrunk to 3.48% (BBS, 2012). A study conducted by the World
Bank revealed that sprawl intensity and coverage were increasing day by day
within the Dhaka Statistical Metropolitan Area (World Bank, 2011). The probable
reasons for this trend are population boom, very high land price in planned
areas, development management inefficiency, etc. Therefore, historical change
and urban growth pattern monitoring of Dhaka Metropolitan Area using remote
sensing technologies (Ahmed, et al., 2013; Ahmed & Ahmed, 2012; Dewan &
Yamaguchi, 2009a; Dewan & Yamaguchi, 2009b) have been of great interest to
the scientific community.

Urbanization is always accompanied by several changes in socio-economic,
cultural and demographic settings (Khoury, 1982). When characterized by rapid
population growth, sprawl, poverty, etc., it creates stress in the urban environment,
triggering environmental problems and risks for urban inhabitants (WHO, 2000).
In this regard, Dhaka city is anticipated to be affected in two major ways; heat
stress and flooding (multiplied by drainage congestion) as consequences of
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ongoing climate change (UN-HABITAT, 2008; Alam & Rabbani, 2007). A slight rise
in sea level may engulf large parts of the city and negative consequences are
likely to be felt by a large number of people; especially the urban poor who live
in flood-prone and waterlogged areas (UN-HABITAT, 2008). Thus, the city needs
to develop advanced knowledge of potential climate change, its impact and the
mechanisms to overcome the situation.

Climate change has forced many rural people in Bangladesh to migrate to cities
and this has caused a sharp rise in the slum population of Dhaka (Aulakh, 2013).
Climate change is a global issue with great importance requiring adaptation
and mitigation (United Nations, n.d.) otherwise a cascade of naturally triggered
disasters will devastate the known forms of life on earth. “Climate change impacts
and consequences can wipe out development gains and significantly reduce the
standard of living” (Prasad, et al., 2009 p.10). Yet, cities can take active steps
to minimize climate change induced or other natural disaster risks/impacts by
improving planning, creating effective infrastructure and establishing disaster
preparedness. In this regard, climate change prediction can help in developing
local prevention, mitigation and adaptation strategies to minimize probable loss.

Due to urbanization, the increased demand for land for non-agricultural purposes
(e.g. for urban residential and industrial use) is the main driver of land use and
land cover? change (LULCC) (Coskun, et al., 2008). Evidence shows that LULCC
has effects on climate change (Dale, 1997; Thompson, et al., 2011). As with the
production of greenhouse gases, LULCC has significant effects on atmosphere,
climate andsea level inboth global and local systems (Meyer & Turner, 1992; Pielke,
2005; Hong Kong Observatory, 2012). Land cover change by new city elements
and their surface materials alters energy, water exchanges and airflow. Urban
climate also varies with these factors in a conjunction with direct anthropogenic

"

emissions of heat, CO, and pollutants (Grimmond, 2007). For instance, “...small
changes of 100 square kilometers in urban development or deforestation can
change local rainfall patterns and trigger other climate disruptions” (Climate

Future Group, 2006).

2 Land-use and land cover terms are often used interchangeably. However, the underlying difference
between those is land-use stands for the particular use (e.g. residential / commercial etc.) of land
whereas the land cover means the surface cover (e.g. urban area/ vegetation etc.) on the ground
(Coffey, 2013).
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From the above discussion, it is clear that Dhaka city is at risk of facing negative
environmental consequences propelled by ongoing rapid urbanization. Migrating
population, voluntary and forced (e.g. environmentally displaced), is adding
pressure to the city at a significantly higher rate (6%) than the country’s overall
rate of internal migration (4.5%) (Xinhua, 2013; Khan, 2012). These migrants,
typically unskilled and having lost their livelihoods, merge into the urban
poor and often become even poorer than before migrating (Stojanov, 2005).
They generally settle in low-lying flood prone areas in cities and gradually
transform urban ecosystems and landscapes (UNU-IHDP, 2015) resulting in
environmental degradation. Given predicted climatic vulnerability, itis necessary to
anticipate urbanization-induced land cover change and associated future
climate change so that proper adaptation and mitigation measures can be
planned and initiated.

2. Objectives and scope

The objective of this study is to ascertain changes in future climate of Dhaka
city in relation to the predicted land cover change using long term observational
data. The study assumes that land cover change due to future urbanization is
likely to bring changes on climate pattern of the study area. Hence, it targets to
understand and explore the underlying relationships among urban population,
land cover, and climatic parameter based on historical evidences. For performing
the study, Dhaka Metropolitan Development Planning (DMDP) area is taken into
consideration. It includes city corporation areas and other some peripheral urban
centers and localities, which is governed by the Rajdhani Unnayan Kartripakkha
(RAJUK) i.e. capital city development authority. The extent of the DMDP area
is around 1439 km? (RAJUK, 2011) which is shown in Figure 1 along with local
administrative Thana® and Upazila* boundaries.

Among different factors of urbanization economic growth, industrialization,
exports, residential GNP per capita, agricultural productivity, size of total
population, start date of modernization etc. are very dominant (Bairoch & Goertz,
1986). However, the study does not investigate the factors behind Dhaka’s
urbanization but examines its trends. The study recognizes change in urban
population and land cover as the consequences of change in social, economic

3 Thana: administrative area/region in urban area controlled by a police station.

4 Upazila: the sub-division of a District, i.e. sub-district.
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Figure 1:
Administrative Map
of the Study Area
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and policy aspects as well as the management efficiency or inefficiency of the
concerned authorities.

3. Method

Most commonly, remote sensing and Geographic Information System (GIS)
are used to monitor and measure land-use changes. Numerous researchers
have worked with multi-temporal digital satellite imagery and GIS database for
comparing and assessing LULCC (Coskun, et al., 2008; Reis, 2008; The World
Bank, 2012; Malaque & Yokohari, 2007; Gregorio & Jansen, 2005; Thompson, et
al., 2011; Long, et al., 2007).
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In climate change prediction/research, time series data and autoregressive
integrated moving average (ARIMA) model has been frequently employed (Piwowar
& Ledrew, 2002; Romilly, 2005; Ye, et al., 2013; Afrifa-Yamoah, 2015). This study has
followed a similar method by developing a time series (1975-2015) database and
ARIMA model with regressors for predicting climate change. Notably, regional
climate change measurement accounts for maximum temperature trends only
(Pielke, 2005). Therefore, the study attempts to predict change in mean maximum
temperature of Dhaka city to ascertain probable climate change. This study’s urban
population, land cover, and maximum temperature predictions follow the timeframe
(2016-2035) of the DMDP's second Structure Plan® (RAJUK, 2015). The study's
detailed methodological aspects are described in the following sub-sections.

3.1 Land cover data

The study collected historical Landsat images (multispectral only) of the Dhaka
region for 1975, 1989, 1999 & 2006 from the official data archive of the U.S.
Geological Survey (USGS, n.d.). It worth mentioning that available images for
1975, 1989, and 1999 in the archive did not cover the DMDP (area of interest)
entirely, consequently the next available years’ data were collected (Table 1). The
downloaded data, having less than 10% cloud coverage, were then projected to
the Universal Transverse Mercator (UTM) —Zone 46 North with the World Geodetic
System (WGS) — 1984 datum. Spatial resolution of these images was 30 x 30 meters
except for 1975 images (Table 1) which were resampled to this specification. Apart
from this, no further pre-processing was performed. Seasonality was ignored as
all images were captured between November and March, which broadly falls
in winter. As greeneries/vegetation, open space, and waterbodies contribute
greatly in regulating local climate (Bolund & Hunhammar, 1999), the study has
extracted land cover data under the following four categories:

1. Dense/Core Urban: densely developed urban lands areas within the
study area.

2. Underdeveloped (Non-Urban & Agriculture): rural settlement,
vacant/ open space, agricultural lands, services/ institutional area,
proposed urban area, etc..

5 It is the long-term (20-year) strategic planning document of the DMDP area, which provides urban

development strategies and planning proposals for the area.
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3. Green/Reserved: homestead vegetation, forests, parks, restricted
and reserved lands/ playgrounds, etc..

4. Waterbody: marshland, river, canal, pond, etc. areas.

Table 1: Particulars of collected Landsat images from the USGS archive

Data year Acquisition Path/ Row Coverage of Sensor Pixel size
(as regarded) Date the study area (meters)
1975 27-Mar-75 147/43 85% MSS 60 x 60
08-Feb-77 147/44 15%
1989 04-Nov-89 137/44 85% ™ 30x 30
26-Nov-91 137/43 15%
1999 24-Nov-99 137/44 85% ETM+ 30x 30
28-Feb-00 137/43 15%
2006 27-Jan-06 137/43 and 100% ETM+ 30x30
137/44

Supervised Classification method, where user/analyst selects representative
samples for each land cover category in the digital image, was applied during
image analysis. To test accuracy of classified outputs, a total 100 stratified random
samples were taken from four land cover classes. The Urban Area Plan (1995-2005)
(RAJUK, 1995) and Detailed Area Plan® (DAP) (RAJUK, 2010) maps as well as high
resolution Google Earth images were used while checking representativeness
of actual land cover in the classification outputs. The overall accuracy of 1975,
1989, 1999, and 2006 classified images were 85%, 90%, 88%, and 91% with Kappa
coefficients of 0.80, 0.86, 0.84, and 0.88 respectively. As the accuracy figures met
the standard requirement for LULCC studies (Dewan & Yamaguchi, 2009a), no
further actions to improve these classification outputs was taken. Total area under
different land cover categories from the analyzed four image sets were calculated,
summarized, and stored. Furthermore, recent land cover statistics from 2013 were
extracted from generalized land use data used in the structure plan (RAJUK, 2015)

6 It is third and last tier of Development Plan for DMDP area, which provides further detailed urban

planning proposals for specific sub-areas in the lights of the Structure Plan and the Urban Area Plan.
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preparation work. At the end of this stage, land cover information of five different
periods (1975, 1989, 1999, 2006 and 2013) were prepared and accumulated for
further analyses.

3.2 Demographic data

The study has collected population census data from the years 1981 (BBS, 1981),
1991 (BBS, 1991), 2001 (BBS, 2001) and 2011 (BBS, 2012) for Dhaka, Gazipur
and Narayangan] Districts (falling within the DMDP area). Here, enumerated
population under corresponding Thanas and Upazilas (administrative regions) were
considered. For calculating partial population at the periphery, overlying Upazila
area (part) was multiplied by the gross population density of that particular Upazila
as no other spatially distributed demographic data for that area were found.

3.3 Climatic information

Climatic information, recorded at Dhaka station, were collected from Bangladesh
Meteorological Department (BMD, 2017) for the 1975-2015 period. Monthly
maximum temperature values, in degree Celsius (°C), were arithmetically averaged
to obtain the yearly mean maximum temperature (hereafter referred as temperature).

3.4 Time series database

At this stage, Underdeveloped (Non-Urban & Agriculture) and Green/Reserved
land covers are aggregated into one category named ‘Potential Urban’ as lands
under those categories are believed to be most suitable for urban functions and
uses (Naab & Dogkubong, 2013). Finally, a time series database, starting from
1975, has been developed by combining three land cover (core urban, potential
urban & waterbody) categories, population, and temperature data. To obtain in-
between population and land cover figures of two base years, linear interpolation
method was applied.

3.5 Forecasting method and ARIMA model

Population to the year of 2035 was projected using graphical method (FHWA,
2001). Moreover, exponential forecasting method (using F1 and F2) (George, et
al., 2004) was applied since Dhaka experienced a near exponential growth trend
in recent decades (Igbal & Khan, 2005). The study compared those two outcomes
and considered the lowest figure as the minimum probable population by the
predicting year for further analyses.
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Population of forecasted year P, = P; X eT*(t2—t1) ()

The study followed formula F2 for computing population growth rate where P,

and P, were the population of last (t)) and first (t,) assessment year respectively.

InP,— InPy
Population growthrate 7' = ———— (F2)
ta—t

As the prepared land cover statistics were not originally time series (but sample)
data, a linear regression model was applied to predict its future change. Here,
population growth in the DMDP area has been viewed as a key contributor to
core urban land cover change. Thus, forecasted population was used as the only
regressor in building a linear model for core urban area prediction. Average
annual gain/loss rate of waterbodies (land cover) has been used in forecasting
their future status. Potential urban land cover area was calculated by deducting
the sum of core urban and water-body areas from the total DMDP area. Land
cover change rate(s) within the considered periods was assessed with the
following formula F3 (Long, et al., 2007) where LC, and LC, were present and past
land cover area respectively for a time interval (t).

Land cover change rate LCT — M (F3)
LCyxt

The study developed and applied an ARIMA (time series) model for predicting
temperature change by the year of 2035. Before executing ARIMA, Augmented
Dickey-Fuller test for unit root was performed on collected temperature records
for a stationarity check of the time series. Since the temperature records were
yearly data, seasonality test was not necessary. To identify the appropriate ARIMA
model structure, Autocorrelation Function (ACF) and Partial Autocorrelation
Function (PACF) were tested. Finally, Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) tests, where lower values signify the best-
fitting model, were performed to determine goodness of fit of the tested ARIMA
model(s). Notably, in the temperature change model, all (predicted) land cover
categories were considered as regressors, since this study aimed to explore the
impact of urban land cover change on the city's temperature by 2035.
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Figure 2: Proportion and area (in km?) of different land-cover categories
during collected data periods
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Table 2: Observed land-cover change rate over the periods

Land-cover  1975-1989 1990-1999  2000-2006  2007-2013  Weighted

category Average
Core Urban 26.1% 7.7% 6.7% 7.7% 12.0%
Underdeveloped  0.2% 0.9% 2.1% 0.9% 1.0%
Green/ Reserved  -0.5% -1.5% -1.8% -3.1% -1.7%
Waterbody -0.8% -0.8% -3.6% -4.5% -2.4%
4. Results

Land cover statistics obtained from analyses are shown in Figure 2 from which
change rates were calculated for different periods under corresponding land
cover categories (Table 2). During the period 1975-2013, core urban and
underdeveloped land covers were found growing annually at 12% and 1% rate
respectively. However, in contrast, both green and waterbody land (cover) areas
were found decreasing at around and above a rate of 2% per annum respectively.
Total adjusted population of the study area in 2011 was found to be 14.2 million
(Figure 3). During 2001-2011 period, population in Gazipur District was growing
at nearly twice the rate (5.4%) per annum compared to the other two Districts.
Interestingly, the population in the peripheral Districts was observed to be
growing at a faster rate than central (below Dhaka District) region. With the help
of forecasting methods discussed in section 3.5, probable population, land cover
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and temperature changes for the study area by 2035 (year) were estimated. The
following sub-sections highlight different forecasted results.

4.1 Future population

The exponential method offered lower population figures than graphical method
(Figure 3). While considering the lowest probable population, the model predicted
the possibility of the study area having around 24.3 million inhabitants by the
year 2025. Relevantly, it has been claimed that Dhaka city might have 23.6 million
(Parvin, 2013) to 25 million (Davis, 2006) residents by 2025 which were close to
the study’s projection. Thus, the study considered forecasted population reliable
and extended it to 2035, which resulted in an estimated population of above 35
million for the study area by that time.

Figure 3: Observed and forecasted population of the study area
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4.2 Imminent land cover change

Using liner regression model (see model summary in Appendix 1), core urban
land cover of the study area by 2035 was approximated to be around 977 km?i.e.
nearly 68% of the study area (Figure 4). Waterbody (land cover) area was estimated,
using its annual average loss rate i.e. (-) 2.4% (see Table 2), to extend over only
around 106 km? (7% of total) area. The remaining 25% (356 km?) area was found
likely to remain as potential urban space. In a related study, Ahmed and Bramley
(2015) concluded that, in the absence any spatial development strategies, by
2025 more than 60% of total DMDP area would possibly be urbanized. However,
they also observed that restrictions on reserved land may save around 15% from
conversion into (core) urban land cover.
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Figure 4: Predicted land cover scenario (using linear model) of the study
area by 2035
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4.3 Probable temperature change

The Dickey-Fuller test, performed on collected temperature (1975-2015) records,
found the time series stationary (p = 0.0029). Hence, ACF and PACF of temperature
records were checked (Figure 5) to build an appropriate ARIMA model. The ACF
graph set a clear indication of moving average (MA) and the model’s suitability
for temperature change assessment. Therefore, this study considered testing
ARIMA(0,0,1) and MA,
Additionally, looking into the shape of PACF, an autoregressive AR,
significant lags 1, 7 and 15 with constant (series mean) was also rendered.

) for lags 1 and 10 models with constant (series mean).
, model for

Figure 5: ACF and PACF graphs of collected mean maximum
temperature data
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It was found that ARIMA(0,0,1) failed to pass probability test as its probability
(> chi?) value was above acceptable 0.05 (Table 3) range. From the remaining
tests, MA |, model was found to be the best fit for maintaining lower AIC and
BICvalues (Table 3). Later, the same MA 4
2) was applied to forecast temperature to the year 2035 where the previously
predicted land covers were input as regressors. The resulting prediction (Figure
6) showed that between 2016 and 2035 the study area is likely to experience a

nearly (+)1.52°C increase in mean maximum temperature compared to the
1996-2015 period.

,model (see modelsummary in Appendix

Table 3: Test result of considered temperature (ARIMA) models

Summary Temperature (1975-2015)
AR(1715) ARIMA(0,0,1) MA 10
Number of observations 41
Probability > chi2 0.0093 0.517 0.0001
AIC 62.20853 55.44885 55.32161
BIC 75.91711 64.01671 67.31661

Figure 6: Observed and predicted temperature (using MA; 10 model) of the
study area
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5. Discussion
The study area has exhibited a sharply increasing urbanization trend throughout
the examined period resulting in rapid land use and land cover change (LULCC).
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During 1981-2011 period, population in the Dhaka Metropolitan Development
Planning (DMDP) area was found to be growing at an average annual rate of
3.84% as opposed to the country’s overall rate of growth of 2.04% (World Bank,
2013) rate. Dhaka’s population growth predominantly consists of migrants from
rural areas attracted by the advantages of urban life (Hossain, 2008; Islam, 1999,
Alam & Rabbani, 2007). In line with the general predictions relating to Dhaka city
in respect of climate change vulnerabilities (UN-HABITAT, 2008; Alam & Rabbani,
2007), the study has revealed predicted increases in mean maximum temperature
in the period 2016-2035. Such temperature rise may be the consequence of
global and regional environmental change as well as local land cover change. To
mitigate and adapt to the consequences of climate change or natural disasters,
it is important to foresee the probable scenario. This study has communicated
information relevant to such probable scenarios based on future urban population,
probable land cover changes, and associated temperature (climate) change by
2035 for the DMDP area.

Considering the study’s prediction, the expansion of core urban land cover in
this area may significantly increase the volume of surface runoff while retentions
and water channels (to retain and transfer rainwater to the surrounding outfalls
(rivers)) were being depleted or insufficiently maintained. During monsoon (May
to October), the level of surrounding rivers remains higher than the city’s internal
drainage level (Mowla & Islam, 2013). Consequently, the drainage capacity of
those rivers reduces, and the city faces severe waterlogging from medium to high
showers of rain. Over previous decades the city authority replaced many canals
and low-lying runoff channels with roads and other infrastructure developments
(Mowla & Islam, 2013). Moreover, illegal encroachment by influential people has
led to the disconnection of many water drainage channels, drastically reducing
their carrying capacity. Poor management of surface drainage network exacerbates
waterlogging which may lead to flooding following prolonged rainfall.

In the light of the study’s findings, it is apparent that urban (population) growth
management can contribute to minimizing temperature increases in Dhaka city.
Dhaka’s inexorable growth is the reflection of extreme centralization of decision-
making and political authority (Rahman, 2012). In this connection, ‘smart growth’
principles (Corrigan, et al., 2004) like limiting outward expansion, encouraging

higher density development, promoting mixed-use zoning, revitalizing older areas,
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etc. can be adopted. This study revealed a comparatively higher population growth
rate in peripheral (fringe) areas characterized by sprawl development patterns
(Rahman, et al., 2008). Improved governance with strict control and monitoring
of the urban area plan, conservation and restoration of protected lands, etc. can
reduce loss of climate control sinks e.g. greeneries, open space and waterbodies.

The urban system is a complex mosaic of climate, land use, biophysical, and socio-
economic variables. In this study, land cover and climate change prediction work
at city scale examined historic observational data and applied linear and time
series model respectively. The study’s considered parameters are very dynamic in
nature and established models are not simple, precise, and always mathematical.
Moreover, temperature (climate) change prediction used local parameters only
where the impact of anticipated global/regional climate change (IPCC, 2014) on
the study area was overlooked. However, it is commonly understood that the
worst consequences of ongoing global climate change e.g. extreme weather
conditions, seaward hazards, etc. would be felt by low-lying coastal cities like
Dhaka (UNU-IHDP, 2015; UNFCCC, 2018). The study has analyzed five datasets to
assemble 1975-2015 land cover scenarios, this can be improved by inputting more
evidence from intermediate years. The observed mean annual degradation rate
of waterbodies has been used in predicting future scenarios, which may vary in
practice. Indeed, change in protected lands e.g. waterbodies and public spaces
may not follow the observed pattern as their conservation greatly depends on
the operational and management efficiency of the local government/authorities.

Urbanization is always accompanied by multiple changes in the socio-economic,
cultural and demographic setting (Khoury, 1982). The relationship between socio-
economic development and changes in land use that determines LULCC in both
urban and rural areas is dynamic (Long, et al., 2007). This study has not evaluated
social factors and their dynamics, investigation of these factors would form a
valuable focus for future research. Setting aside these limitations, the predictions
can still contribute in formulating development guidelines that are responsive
to climate change. Concerned city planners and decision makers need to focus
on managing the growth of both population and core urban land cover for
climate change management of the DMDP area. The study’s implications can be
employed to mitigate and minimize climate change related negative externalities
of Dhaka city notwithstanding any artificial or natural interventions large enough
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to alter the observed pattern. As a final point, this study may help to understand
the underlying dynamism of similar contexts, as well as to quantify the future
degree/level of change in maximum temperature for other urban areas.

Appendix 1: Summary of core urban land cover prediction model
(linear regression)

Source SS df MS Number of obs = 39
F(1,37) = 8463.87

Model 407937.023 1 407937.023 Prob>F= 0
Residual  1783.30564 37 48.1974497 R-squared = 0.9956

Adj R-squared = 0.9955
Total 409720.329 38 10782.1139 Root MSE = 6.9424
Core urban Coef. Std. Err. t P>t [95% Conf. Interval]
Population 29.77811 0.3236775 92 0 29.12227 30.433%94
_cons -84.8169 2.848425 -29.78 0 -90.58836  -79.04544

Appendix 2: Summary of MA; 1o) temperature prediction model
(time series)

Sample: 1975 - 2015 Number of obs = 41
Log likelihood = -20.6608 Wald chi?(5) = 27
Prob > chi? = 0.0001

Temperature Coef. Std. Err. z P>z [95% Conf. Interval]
Urban_linear 0.0113777 | 0.031017 0.37 | 0.714 -0.0494146  0.07217
Potential_urban | 0.0059544 | 0.0379652 | 0.16 | 0.875 -0.0684559 0.0803648
Waterbody 0.0111241 | 0.0295961 | 0.38 | 0.707 -0.0468833 0.0691314
_cons 19.49265 49.57308 0.39 | 0.694 -77.6688  116.6541
ARMA

ma

L1. 1.056285 | 0.2801433 | 3.77 0 0.5072141 | 1.605356
L10. 0.1880118 | 0.1236563 | 1.52 | 0.128 -0.05435 |0.4303736
/sigma 0.3658156 | 0.0871539 4.2 0 0.1949971 | 0.5366341
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1. Introduction

The impact of population on environmental degradation is a comparatively
underexplored causal link in environmental economics. There is also an emphasis
on per capita pollution rather than total pollution e.g., carbon dioxide emissions
(CO,). We have two main objectives in this note: (1) to propose a new model
wherein the Demographic Transition Model (DTM)? and net migration, in
conjunction with the |=PAT equation?, are incorporated into the Environmental
Kuznets Curve (EKC), and (2) to investigate the effect of population, immigration
and technology on the environment through an empirical analysis of total CO, in
the United States (US).

The link between population and environmental degradation has been discussed
as far back as Malthus (1798). More recently, Ehrlich and Holdren (1971)
introduced the concept of the |=PAT equation to measure the environmental
impact of economic activity in relation to population, affluence, and technology.®
Ehrlich and Holdren (1971) argue that pressure from population growth has a
disproportionate effect on environmental degradation. Because of the expected
rise in population globally and the resulting pressure on resources via demand/
supply factors (e.g., Baldwin, 1995), along with flows of migration becoming the
main source of population growth in the near future (Vespa, Armstrong, and
Medina, 2018), looking at population in the context of environmental degradation
is relevant.

N

The Demographic Transition Model explains the shift in population structure during five phases: high
death rates/high birth rates; falling death rates/high birth rates; low death rates/falling birth rates; low

death rates/low birth rates; low death rates/stable birth rates near the replacement rate (Roser, 2017).

w

|=PAT stands for Environmental Impact = Population X Affluence X Technology.

~

Other early contributions include David Ricardo’s theory on land rent, Arthur Pigou’s work on tax policy
to improve resource allocation, and Nicolas de Condorcet’s proposal that air pollution was a negative

externality from economic activity (Sandmo 2015).

(O]

Perhaps the most robust application of the I=PAT equation is the extended formulation by Dietz, Rosa,
and York (2003) known as the STIRPAT project. The STIRPAT project assessed environmental impact
with the |=PAT equation, using stochastic estimation through regression analysis, while converting the
variables to natural logarithms and placing T as an error term (by arguing there is not an appropriately
agreed-upon measurement for this variable) (Dietz, Rosa, and York, 2003). The study concluded that
modernization leads to an overall negative impact on environmental degradation, with no evidence
to support the widely held belief that economic growth eventually leads to declining environmental
impact, such as predicted by the EKC (Dietz, Rosa, and York, 2003).
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A second widely-used approach to capture the link between environmental
degradation and economic activity is the EKC (Carson, 2010). The EKC was
developed based on the theory concerning the relationship between increasing
wealth in an economy and the corresponding environmental degradation of the
ecosystem (Stern, 2003). There is a large body of empirical work regarding the
EKC, yet no general consensus exists and few papers incorporate demographic
factors into their analyses.® Given the lack of consensus and growing importance
of population on environmental degradation, exploring the role of population
and migration in the context of the EKC is pertinent for the formulation of policy.

Our contribution is at the intersection of two branches of the literature. First,
demographicfactors are often overlooked when analyzing possible environmental
impacts (e.g., Curran and Sherbinin 2004). However, there has been some recent
research incorporating demographic variables to better understand the relation
between population and the environment (e.g., Galeotti et al., 2011; Franklin and
Ruth, 2012; Roser, 2017). Our work is closest to Galeotti et al. (2011) where they
consider the demographic transition in a sample of countries and find evidence
for an "enriched” EKC.” We build on the work of Galeotti et al. (2011) in three
ways. First, we examine the role of immigration in explaining total CO, by
estimating changes in total population arising specifically from immigration and
arguing that immigration may exert an upward pressure on CO, growth. Second,
we complement Galeotti et al. by developing a model which incorporates the
DTM into the EKC. Third, we show that the relationship between immigration and
the rate of the growth of total CO, is nonlinear, an analysis not present in Galeotti
et al (2011), but with important implications for policy formulation.

Our second contribution to the literature rests on what has been a lack of attention
to total CO,, an important area specifically absent from the EKC literature but
with important policy implications (e.g., determination of carbon budgeting and

6 e.g., Atasoy, 2017; Carson et al., 1997; Franklin and Ruth, 2012; Grossman and Krueger 1995; Holt-et
al., 1992; List and Gallet, 1999; Meadows et al. 1972; Mitchell 2012; Rupasingha et al., 2004; Shafik and
Bandyopadhya 1992; York et al., 2003.

7 Baldwin (1995) points to the implications arising from demographic factors and argues that in order to
reach environmental sustainability the majority of the world must move past the second phase of the
demographic transition, while moving as quickly as possible through the ecological transition. Galeotti
et al. (2011) builds on Baldwin (1995) using CO2 data for 17 Organisation for Economic Co-operation
and Development (OECD) countries.
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pricing policies). An issue with past analyses is the almost universal use of per
capita emissions as the measure of pollution. Our main concern is the lack of
attention to total CO,, since an increasing population may produce higher total
CO, even as CO, per capita declines.® However, this is not to dismiss using per
capita measures altogether. For example, Jones and Warner (2016) used per capita
measures to derive projections for future energy demands and CO, trajectories.

We also examine the role of alternative energy (defined as energy that does not
produce carbon dioxide, including hydropower, geothermal, nuclear, wind, and
solar power, among others) in the population-environmental degradation nexus
and estimate a threshold level of alternative energy after which total CO, may
fall. This is particularly important since alternative energy sources have increased
in recent years (U.S. Energy Information Administration, 2019) and so identifying
such a threshold can guide policy formulation.

Our contribution also extends to the role of the DTM in the EKC by extending
demographic transition factors into the EKC and testing some of the results using
US data. Even though the US does not necessarily face over-population issues
vis-a-vis low-income countries, the US is considered as a case study because it
has arguably experienced all the phases present in the DTM and at the same time
the full range of income levels proposed in the EKC. An important consideration,
absent from the DTM, is concern for levels of net migration. Any shift in lifestyle,
related to ecological footprint, as migrants shift into high-income countries may
be relevant. Our results suggest that immigration may play a role in explaining
total CO, growth. Additionally, the literature suggests that the level of renewable
energy usage and energy consumption patterns in the economy are responsible
for any possible mitigation of pollution (e.g., Dogan and Ozturk, 2017; Soytas,
Sari, and Ewing, 2007) and therefore we explore the role of alternative energy and
migration on total CO, growth in the case of the US.

The literature on the demographic transition argues that such transition is
driven by an increase in urbanization and industrialization, with potentially
negative effects on the environment. These effects range from the population
age structure and its implications on the demand for goods and services, to

8 A notable exception is Franklin and Ruth (2012), who argued that although CO2 per capita has leveled

out in recent years, total CO2 continues to increase.
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migration patterns (Franklin and Ruth, 2012; United Nations, 2015). O'Neil et al.
(2012) consider demographic changes with regard to CO, by considering various
household characteristics such as age, size, and urban/rural data. O'Neill et al.
(2012) concluded aging populations have a lower overall environmental impact
in comparison to younger populations as a result of labor productivity. Also,
urbanization can lead to an increase in projected CO,(O'Neil et al., 2012; Weber
and Sciubba, 2016). Conversely, Zhou and Liu (2016) argued urbanization led to
decreased levels of CO, in China. Still, both Zhou and Liu (2016) and O'Neill et al.
(2012) found urbanization to decrease overall energy use. Although results in the
literature vary, all found population growth to have a significant impact on CO,.
And although our results are consistent with the literature, our contribution relies
on the study of immigration and its impact on the environment.

The literature also examines the rebound effect (e.g., Franklin and Ruth 2012;
Sorrell, Gatersleben, and Druckman, 2020, Madlener and Alcott, 2009; Baldini
and Jacobsen, 2016).? The rebound effect, in which energy consumption
increases as technology improves efficiency, is estimated to be anywhere from
0% to 50% (Madlener and Alcott, 2009). However, Gilligan, Rapson, and Wagner
(2016) make the case that even though rebound effects exist, the overall gains
from implementing energy-efficient policy outweigh these effects. This result is
consistent with our estimates, but our analysis focuses on total CO, rather than
per capita.

The structure of this paper is as follows. Section two describes the US energy
mix and population structure. Sections three and four, respectively, introduce
a hypothesized model and describe the data. Sections five, six, and seven
explain the benchmark model, present an empirical analysis, and describe the
robustness check, respectively. Section eight concludes with a few remarks on
policy implications, limitations of the analysis, and future lines of research.

2. The US energy mix and population structure

The energy mix in the US is an important consideration since CO, is directly
tied to the type of energy consumed. Currently, the US uses a mixture of
energy technologies including natural gas, crude oil, coal, nuclear, natural gas

9 Rebound effects were first hypothesized by Jevons (1866) regarding improvements in the efficiency of

coal use in steam engines leading to their expansion.
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plant liquids, biomass, hydroelectric, solar, wind, and geothermal. Of these,
petroleum comprises the largest share of total energy consumption, while
natural gas makes up the largest share when considering energy for electricity
generation (U.S. Energy Information Administration, 2019; BP Statistical Review,
2019). Renewables such as hydroelectric, solar, wind, and geothermal comprise
the lowest four energy sources in terms of percentages, although their use has
continued to increase in recent years (U.S. Energy Information Administration,
2019). Nuclear energy increased each year from 1960 to 1990 but has leveled off
since 2000 (U.S. Energy Information Administration, 2019). The amount of coal
used for energy production has been on a steady decline, while the use of natural
gas and crude oil has been increasing (U.S. Energy Information Administration,
2019; BP Statistical Review, 2019).

Since our analysis focuses on alternative energy as a measure of technological
advancement, we pay particular attention to its usage. It should be noted that
alternative energy use can be broken into two distinct periods, 1960-1990 and
1990-2016, where different energy technologies played key roles in total CO,.
Specifically, the increase in nuclear energy use was prevalent for the 1960-1990
period, whereas increases in renewable energy (e.g., solar, wind, geothermal)
were significant for the 1990-2016 period (see figure 1)."°

In terms of policy, Jacobson et al. (2017) argue that 139 countries across the
world can achieve 80% conversion to zero-emitting energy, defined as energy
from wind, water, and sunlight (WWS), by 2030, and 100% zero-emitting energy
by 2050. More specifically, Jacobson (2015) made the same case for each state
in the US. Considering that the level of alternative energy use in the US was only
approximately 12.3% as of 2015 (World Bank, 2018), Clark et al. (2017) warned
policymakers to remain cautious over plans which call for the use of WWS
exclusively and, instead, recommended a more balanced approach, which
includes a range of energy technologies in the economy.

10 The models presented in this paper were also formulated with nuclear and renewable energy as
separate variables during these two time periods, each being statistically significant for each

respective period.
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Figure 1 - United States Alternative Energy Use and Total CO2 Emissions
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Although the US had a 11.5% increase in natural gas production in 2018, the use
of non-hydro renewable energy grew by 9.8% and coal production fell by 1.9% (BP
Statistical Review, 2019). Carbon emissions grew by 2.8%, while carbon intensity
continued declining at a rate of 0.9% (BP Statistical Review, 2019). Further, energy
consumption grew by 3.5% (BP Statistical Review, 2019). These figures suggest
that the US is seeing improvements in the use of renewable energy, but as the
demand for energy increases natural gas and coal remain as the primary sources
of energy for electricity generation.

Galeotti et al. (2011) argue that for long-term environmental sustainability, both
economic growth and policy for lowering population are needed. The increased
global total CO, resulting from cross-country migration is a major concern (Cafaro
and Staples, 2009). At the same time Cafaro and Gétmark (2019) show, in the case
of the European Union, that minor changes in annual net migration can lead to
large changes in future population. And in the case of the US, immigration has
become the main driver of population growth (Cafaro and Staples, 2009). Although
fertility rates in the US are below the replacement rate of 2.1 births per woman,
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the increase from positive net migration has a larger impact on population than
this decline in fertility (figure 2) (World Bank, 2018). Therefore, the US population
is projected to increase for the foreseeable future. The implication is that even if
CO, per capita is declining a net increase in total CO, may be expected as each
additional person contributes to the sum.

Figure 2 - United States Population and Total CO2 Emissions

350 6 —_
X
——
o o
350 7]
S 5
= 5 =
z =
c @
.° c
¥ 200 4 °
=3 .
E
g 150 o
= o
3 3 0
0 9]
= 100 =
o
l_

50 2

1960 1970 1980 1990 2000 2010
=== Population, total === CO2 emissions (kt)
3. A Model

Figure 3 illustrates an overview of the relationship between the demographic
transition and the I1=PAT equation from the standard theory, factoring in net
migration levels (positive for the US). The arrows in front of the variable signal the
effect on environmental impact, I, not the rate of increase in the variable itself. For
example, an increase in technology, T, has an upward pressure on environmental
impact, |, during phase one of the demographic transition, but an increase in
technology, T, has downward pressure on environmental impact, |, during phase
three of the transition process.
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Figure 3 - PAT Equation & DTM Integration
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Figure 4 presents a preliminary integration of the |[=PAT equation and DTM into
the EKC, including net migration. This model illustrates environmental impact
from population, affluence, and technology through the five stages of the
demographic transition. A key point to this proposed model is the consideration
of positive net migration as advanced economies have significantly larger levels
of energy/goods consumption. Although the demographic transition will drive
down population growth as an economy develops, and thus environmental
impact, immigration may offset this decline as overall population in developed
countries continues to grow. An empirical analysis of this hypothesis follows.

Figure 4 - Hypothesized EKC for Total Pollution
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4. Data

Annual data for the US from years 1960-2016 was obtained from the World Bank.
We use total CO, (total emissions in kt) as the measure of environmental impact,
total population, and real GDP as a control to capture changes in economic
activity. Time dummies were constructed to capture period-specific effects such
as recessionary periods and global oil shocks. Alternative energy, as a percent
of total energy use, is used as a measure for technological advancement to
capture increasing technology in an economy while avoiding high correlation
with population. As noted earlier, this will incorporate the effects of all near-zero-
emissions energy use from 1960-2016.

In addition to population we look at the role of immigration. Even though there is
total immigration data available for the US, we focus on cumulative immigration
instead. The reason for this is threefold. First, total immigration is measured on an
annual basis and thus represents a relatively small share of total population: the
US population is over 326 million and approximately 41 million have immigrated
since 1960, while total immigration has averaged 722 thousand annually (World
Bank, 2018). As a result, any changes in CO, explained by immigration are likely
to be offset by the variability explained by total population. Second, cumulative
immigration is defined as immigration at time t, plus all previous immigration from
1960. Thus, cumulative immigration arguably captures the potential cumulative
effects of immigration on CO, while accounting for changes in consumption
behavior once migrants settle in the US. Third, net migration growth (net migration
defined as either total population minus total immigration or total population
minus total cumulative immigration) mirrors total population growth over time
and exhibits a Pearson correlation coefficient of just over 0.92.

To test for stationarity we rely on Dickey-Fuller and Phillips-Perron tests, where
total CO,, total population, alternative energy and real GDP are (1), whereas
cumulative immigration is 1(0).

5. Benchmark Model Specification

We estimate the following benchmark model in first differences using Ordinary
Least Squares (OLS):

d(InCO,total,) = a + fd(InPOP,) + B,d(INALN,) + B3Z + €. (1)
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where d(InCO,total) denotes the first-differenced natural log of total CO, (in kt)
at time t, d(InPOP, ) first-differenced natural log of total population at time t,
d(InALN)) first-differenced natural log of alternative energy use at time t, and ¢,
the residuals. We model residuals following an autoregressive-moving-average
(ARMA) structure when applicable.”” The term Zin (1) denotes a set of controls
such as the one-period lagged first-differenced natural log of real GDP (constant
2010 USD), a linear time trend and time-specific dummies to capture, for example,
recessionary periods in the US.

It is noteworthy that real GDP is arguably correlated with population and CO,.
As aresult, alternative energy is used to avoid issues of correlation with population,
but also the one-period lag for real GDP was used to avoid issues of endogeneity.
In any case, Pearson correlation coefficients do not suggest a high degree
of correlation between real GDP, alternative energy, total population and
cumulative immigration.

6. Results

Estimation of (1) suggests that higher growth rates of population imply higher
growth rates of total CO,. The estimated coefficient, 3., is positive and statistically
significant, implying a 1 percentage point increase in the growth rate of population
results in an approximately 1.92 percentage pointincrease in total CO, growth (see
summary table in the appendix). The alternative energy coefficient, 8, is negative
and statistically significant, which implies that increasing the rate of growth of
alternative energy use by 1 percentage point results in an approximately 0.15
percentage point decrease in total CO, growth. Estimates also suggest that the
inclusion of alternative energy into the model may reduce the upward pressure
population has on CO,, thereby pointing to the key role of alternative energy in
explaining variations in CO,.

To explore the potential interaction between population and alternative energy,
a second model specification is considered:

d(InCO,totaly) = a + f1d(InPOF,) + B2d(INALNy) + y,d (InPOF,) * d(InALN,) + $3Z + €, (2)

Estimation of (2) points to two important results. First, population may have
a larger increasing effect (i.e. increase in the growth rate of CO,) vis-a-vis the
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decreasing effect (i.e., decrease in the growth rate of CO,) of alternative energy
use on the growth rate of total CO,. This indicates that although CO, per capita
is in decline (figure 5), the effect of population can be larger so there is a net
increase in total CO, (figure é). This increase is consistent with our hypothesized
EKC (figure 4). Second, the model suggests that the growth rate in the share of
alternative energy required to achieve the turning point predicted in the EKC
is approximately 23%."? As of 2015, the level of alternative energy use in the US
was 12.3% (World Bank, 2018). This indicates that total CO, growth may continue
rising until alternative energy use is expanded. It is noteworthy that we were also
able to identify such a result for the 1990-2016 period, where the population
growth rate in the US shows a clear downward trend, but also a fairly stable use of
alternative energy, particularly in renewables.

Figure 5 - United States GDP per capita and CO2 per capita
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12 The approximation for the level of alternative energy use required, as a percent of total, is obtained

from 81 + y2ALNt in summary table, column 6.
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Figure 6 — United States GDP and Total CO2 Emissions
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A third model is estimated to analyze the effect of cumulative immigration on
total CO,;

d(InCO,total,) = a + 8;InCIMM, + 8,InCIMM? + B,d(InALN,) + BsZ, + €. )

where InCIMM, denotes the natural log of cumulative migration at time t. Results
indicate (i) a nonlinear inverted-U relationship between cumulative immigration
and the growth rate of total CO,, and (i) alternative energy, consistent with (1),
puts a downward pressure on the growth rate of total CO,. These results are
important because immigration will become the main source of population
growth by the year 2030 as the natural rise from population momentum begins to
slow (Vespa et al., 2018).

The non-linear relationship between cumulative immigration and growth in total
CO, growth indicates that the growth in cumulative migration can have an upward
pressure on CO, if cumulative migration remains on average just under 1.5 million
a year. Since this threshold has been exceeded, the analysis suggests that the
growth rate of total CO, may likely slowdown via immigration.
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7. Robustness Check

We employ a two-stage least squares estimation technique with the dual purpose
of addressing potential issues of endogeneity between population and CO,, but
also account for variations in population arising specifically from immigration.
Results from previous sections hold indicating that (i) population growth explained
by growth in immigration may exert an upward pressure on total CO, growth,
and (i) there is an alternative energy use threshold level after which total CO,
growth falls. The result in (i) suggests that variations in immigration play a role in
explaining total CO, growth and thus should be kept in mind when formulating
policy, albeit the effects on the level of total CO, are likely relatively small given
the small share of immigration with respect to total population in the US.

The two-stage least squares estimation consists of first estimating population
growth as follows:

d(InPOP,) = a + y;d(InCIMM;_1 ) + y,d(INIMM;_1) + y3A + u, (4)

where d(InIMM) denotes the growth rate of immigration, and A a set time
dummies and linear and non-linear time trends. The specification in (4) considers
one-period time lags to avoid issues of endogeneity since total population
incorporates immigration in its measurement. On the second stage, the estimated
growth in total population obtained from (4), d(inP0OP,), is used to re-estimate (1)
and (2). Results are shown in the Appendix.

8. Conclusion and Policy Implications

After controlling for economy-wide and time-specific effects, estimates suggest
evidence against an inverted-U EKC for total CO, growth in the US. Population
growth increases total CO, growth, which may surpass the downward pressure from
increased technology measured through alternative energy. This result indicates
that although CO, per capita is in decline, the effect of population is greater, thus
leading to a net increase in total CO,. Results also point to a threshold level of
alternative energy growth after which growth in total CO, may fall.

While we provide some evidence that total CO, is increasing as a result of

population growth, there are areas which need further consideration. First,
expanding the analysis to include the effect of population on pollution apart
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from CO, (e.g., NOx) would be an improvement, particularly if connections
to the energy sector are sought. Second, broadening the analysis to include
a range of countries in various stages of the demographic transition, while
increasing the number of observations, would help in understanding the effect of
population as an economy develops. Third, the analysis considers total CO,, not
total consumption-based CO,. Thus, checking whether results hold using total
consumption-based CO, would give a better sense as to whether immigration is
having a significant effect on total CO,,. In this sense our results should be taken
with caution.

While our research focuses on alternative energy sources, recent trends are
moving away from nuclear energy and towards renewable energy sources. We
should note that renewable energy use has increased, reaching record highs in
2019 (U.S. Energy Information Administration, 2019). Also, alternative energy was
chosen for the measure of technology to avoid high correlation with population,
but the relation to CO, should be noted. There is the concern that CO, affects the
level of alternative energy in a country, which would need further investigation to
rule out issues of endogeneity (i.e., is increasing renewable energy use driving
down CO,, or is increasing CO, causing faster implementation of renewable
energy?). Exploring other measures of technology and comparing results would
be worthwhile as robustness checks.

Improving our understanding of the impact of human population and economic
growth on the environment is invaluable for policymakers. This is equally
important for both economically advanced and developing regions. The ability
to collectively lower our environmental impact in both advanced and developing
economies is vital to the future of the planet. Implementing effective environmental
and economic policies which can be strategically enacted for specific stages of
development, to reduce overall environmental degradation while maintaining an
acceptable standard of living, is crucial to this task.
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The urban fix - resilient cities in the war against climate change,
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As climate change bears down on us, some are moving to the country to attempt
self-sufficiency and reduce their carbon footprint. Yet Doug Kelbaugh's Urban Fix
sees urbanization as a solution to, not only climate change, but extreme heat and
overpopulation as well.

The book’s cover shows a streetscape dominated by mature trees with terraced
houses built directly on to the street. This is the kind of city street that Kelbaugh
regards as the ideal — side and front gardens, especially lawns, are a waste of
space, suburbs are anathema. Trees, however, are good. They are part of a
well-designed cityscape that can provide a solution to many problems including
urban heat islands (UHlIs), which are heating up cities twice as fast as their
surrounding countryside.

“Global warming is upon us, with accelerating and profound changes to our

"

civilization and our lives,” (p.xi) Kelbaugh writes. “... Another mega-narrative
lurking in the background is global population growth, that other hockey-stick
curve of the last few centuries. It is of course connected to climate change,

because total energy use tracks the number of humans” (p.xii).
Cities are the centres of civilization. They “make our societies more productive,

more livable, more diverse, culturally richer and wealthier,” (p.xvi) he writes. And
yet the impressive benefits of urbanism are “all put at risk by the simple arithmetic
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of too many people consuming too many resources too fast, and producing too
much pollution and waste for the earth to handle” (p.xvi).

Kelbaugh, who is Professor of Architecture and Urban and Regional Planning
at the University of Michigan, has a quarter century’s involvement in sustainable
cities, urban design, New Urbanism and now Lean Urbanism. Who better to
advocate for urbanization as the key to mitigating climate change? This book,
while vastly referenced and packed with information, is written in journalistic
rather than academic style and thus accessible to a wider range of readers.

So, what does he suggest? To reduce the problem of urban heat islands Kelbaugh
advocates four strategies: raising albedo through lighter-coloured roofs,
pavements and walls; opening up tight street canyons to ventilating breezes and
winds; reducing waste heat from tail-pipes, chimneys and air-conditioners; and
providing cool micro-climates with more trees and other vegetation to cool the
air, sequester carbon dioxide, and shade streets and buildings.

To reduce waste heat from tail-pipes, people are going to have to walk more, cycle
more and use mass-transit more. This will require the development of new, closely
packed housing near jobs and commercial centres. The built environment will
be a network of small blocks with wide footpaths lined with trees and buildings,
safe from crime and vehicular traffic. Gasoline-powered cars will have to be
replaced by electric vehicles (EVs). Buildings will need to be less dependent on
air-conditioners and central heating, and incorporate passive heating and cooling
design strategies in addition to being energy-efficient.

If we are to keep within the Paris Accord, namely limit warming to no more than
2°C, then electricity-production will have to change with coal-fired coal power
stations removed from the equation. There has to be a shift from fossil fuels
to renewables; a distribution of micro-power plants within or on buildings (PV,
wind, biomass, hydropower); hydrogen must be deployed for energy storage;
smart grids built to save, store and buy-back energy, and vehicles powered with
batteries and fuel cells.

Kelbaugh extols the virtues of higher densities (though many parents, who would
prefer a backyard in which their children could play, might disagree). Cities are
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places of economic opportunity and productivity and some studies suggest
doubling density raises productivity by 6 to 28 per cent. On the other hand, cities
have generated outright negative externalities, including higher levels of crime
and congestion, the spread of infectious diseases and being less resilient in crises.
Yet, he argues, “cities have historically reduced these negatives through greater
wealth, education and infrastructure, from sanitary infrastructure, to hospitals and
universities to garbage collection and policing” (p.259).

Cities have allowed humans to flourish through the benign climate of the
Holocene. As that favourable climate changes, he writes, “let’s hope civilization
does not abandon its many hard-won fruits” (p.259). Kelbaugh emphasises that
we have little time to lose. "Our species has never faced a crisis as pervasive
as climate change, and with so little time to address it” (p.288). Given the six
warmest years on record have all occurred since 2010, and 17 of the 18 warmest
years since 2001, it is clear we must act now to mitigate climate change.

According to the Global Footprint Network (2019), presently 1.75 Earths are
needed to sustainably support the consumption of resources and to absorb the
waste of 7.6 billion humans. The ever-enlarging footprints of those in the fast-
growing developing world are now adding to the large footprints of those of us in
the developed world, seriously and irreversibly affecting the climate system. Thus,
Kelbaugh argues, "extreme population is as serious as extreme heat” (p.285) and,
somewhat counterintuitively, urbanization is a way to reduce it.

So how do cities help solve overpopulation? The “population paradox of cities”
(p.20) largely applies to developing countries, many of which are following a
similar trend toward urbanization experienced in Europe during the 19th century.
The paradox consists of a reduction in the birth rate of urban populations when
it might be expected that wealthier urban residents could afford to have more
children than their poorer rural cousins. However, a number of factors including
easier access to contraception, improved education (especially female), the higher
costs and complications of raising children in the city, and the fact that children
are no longer required for their labour all influence the reduction in family size.

This often-dramatic drop in the birth rate when rural dwellers move to cities,
however, may be offset by their larger environmental footprints consequent
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of their rising incomes. Nevertheless, it is critical that population growth is
dampened in those developing countries that have become too populous for
their resource base.

Kelbaugh cites Paul Hawken’s book Drawdown which he claims, “offers the
most complete menu of how not only to address and stop climate change but
also to reverse it” (p.279). Significantly, if fully implemented, of the 80 solutions
offered, the urban and architectural strategies can get over a third of the way to
reversing climate change. Family planning and educating girls account for over
a tenth. (Indeed, if Educating Girls and Family Planning were combined, they
would be at the top of the list). Hawken, however, left out urban albedo, which the
Intergovernmental Panel on Climate Change estimates would offset 44 gigatons
of CO, emissions, earning 8" place in the rankings.

So, what next? Kelbaugh argues for more research to fill significant gaps in
knowledge about how to cool cities. Greater cooperation is needed between
planners, urban designers, architects, engineers and climatologists. A research
priority will be how to deal with the potential doubling of cities’ physical footprints
within 15 years. For the existing urban fabric, change is difficult though treating
surfaces to increase albedo is possible. For new structures, the goal should be to
ensure access to the sun for solar thermal and solar electric, and provide shade,
wind protection and ventilation by breezes.

All cities need a coherent climate plan, Kelbaugh argues, one that address
flooding and air quality, as well as surface and air temperatures. There must be
a priority on mitigation strategies that simultaneously yield adaptive benefits.
Fortunately, there are powerful new tools for planning and design professionals,
such as “Urban Footprint”, computer software produced by Calthorpe Analytics.

Kelbaugh notes that more carbon has been emitted since 1988 when James
Hansen made his famous testimony to the US Congress, than in the entire history
of civilization prior to that. We have no choice but to arrest and reverse this
acceleration. A sustainable economy is needed, one that is something more than
the sum of its carbon-neutral parts. The goal of a sustainable economy, Kelbaugh
writes, ”...is to provide a peaceful prosperity, without blind growth and escalating
competition, as well as to outgrow novelty and consumption for their own sake. It
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strives to replace inequality with equity, attachment and greed with compassion
and wisdom. It believes that ...mindfulness can instil moderation and modesty;
cooperation can beget community; and economic and social justice can improve
—all of which mean that common cause can prevail over self-centred gain” (p.296).
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