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Executive Summary
The primary objective of this paper is to provide useful information concerning the extent to which
private- and public-sector insurance can, using appropriate tools and models, address the needs of
vulnerable populations regarding the adverse effects of climate change. The message provided by
this paper is that private- and public-sector insurance programs can play a key role in addressing
climate-related risks, though some of these programs have inherent limitations and cannot work
effectively by themselves in all circumstances.
The primary intended audiences for this paper are actuarial associations and actuaries around the
world. Other potential audiences include the insurance industry and its companies, public
policymakers, regulators and other interested stakeholders.
Climate change has had and will increasingly have a wide range of effects on property, human
health, quality of life and economic activity. Although some may be favourable in nature, the focus
of this paper is on the adverse effects, who they will affect and how these consequences can be
mitigated. Although climate change will affect many individuals and businesses, the main focus of
this paper is on those who are most vulnerable to its adverse consequences.
Many residents of lesser-developed and emerging countries are especially vulnerable to the
adverse effects of climate change. In addition, many people in developed countries are also
especially exposed to such risks. Those who are poor can be subject to a double blow of inequality
– both climate change and uneven development.
Vulnerability to the effects of climate change primarily arises in areas with low levels of income
and weak infrastructure, and where geography creates greater exposure to climate-related risks.
Many countries in Africa, Asia and Latin America fall into this category and have relatively large
proportions who are vulnerable and these regions may be the ones that will be most affected in the
short and medium term by climate-related risks. However, there are also groups in all societies that
have higher inherent vulnerability, such as the poor, homeless, young and elderly.
Extremes and increased volatility in climatic factors can affect the vulnerable in many ways. Effects
can be short-term, resulting from extreme events such as heat waves, unusually cold periods,
windstorms and floods; and long-term, resulting from changing climatic patterns and rising sea
levels. Many vulnerable populations live in areas close to the sea and rivers where they will be most
exposed to the effects of rising sea levels. Potential impacts include reduced economic
opportunities and loss of assets/income, social unrest, food and water insecurity, degraded air and
water quality, waterborne and vector-borne diseases, and heat and psychological stress.
To address these risks and consequential damage, effective risk management processes need to
be followed by governments, as well as by individuals and businesses. Insurance and other risksharing/risk-transfer mechanisms are important financing approaches to address the risks of the
most vulnerable. Especially in anticipation of climate change risks, to do so effectively certain steps
need to be taken, such as achieving an appropriate pooling of risks, adoption of effective loss
mitigation and adaptation programs (e.g., implementing loss-prevention activities and establishing
control incentives). Because of limitations of private insurance, especially the short-term coverage
period (often one year for property insurance, for example), public-sector programs may be more
appropriate in some cases. To effectively manage sustainable private-sector and most public1
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sector programs, appropriate incentives to control costs are needed; otherwise, moral hazard and
adverse selection will likely result.
Two approaches often beneficial in the financing and recovery from climate-related damages to
the vulnerable are microinsurance and macro-level risk-transfer schemes. However, it may be a
challenge for many who are vulnerable to climate change-related risks to take advantage of these
programs due to their circumstances. As a result, there remains a huge protection gap against
these losses. Although an increase in insurance protection can assist in this effort, often fall-back
disaster recovery mechanisms are needed, involving public, private and charitable sources and
social safety nets. Overall, we believe that a coordinated private-/public-sector strategy and
approach can work to effectively address the current and future needs of the vulnerable population
in some countries. However, there is no unique one-approach-fits-all solution. In the medium to
long term, there are many risks that will arise from climate change that are not insurable.
Nevertheless, insurance can be used as an effective tool to facilitate the process of adaptation to
these risks.
Other approaches need to be considered. Even more important than recovery is to eliminate or
reduce the risk before disaster hits. Aside from mitigation of climate change itself, which is outside
the scope of this paper, other risk management approaches are desirable. These include a wide
range of adaptation strategies and approaches, as well as alternative risk-transfer techniques and
other approaches.
Active actuarial involvement in the design and management of insurance and other risk
management approaches can assist the effective implementation of solutions for these issues.
Actuaries possess extensive experience in modelling related long-term contingencies and in
assessing the motivations and behaviour of the stakeholders involved. To enable a fair selection
of risks and prices consistent with expected costs, actuaries strive to use accurate and relevant
data while following all applicable professional standards of practice. Using comprehensive risk
management approaches, they can also help to design appropriate and sustainable solutions.

2
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Chapter 1: Introduction
1.1

Objectives of this paper

The primary objective of this paper is to provide useful information concerning methods that can
be used to address some of the key issues associated with the needs of vulnerable populations
regarding the adverse effects of climate change. It focuses on the possible role that insurance can
play in addressing these effects.
It is recognized that day-to-day survival needs of some of these populations, such as food and
water security, health and a place to live, can overwhelm the problems addressed in this paper,
particularly in the short term. Nevertheless, the costs and risks associated with climate change
should not be ignored, as they can represent severe and possibly existential risks to some of their
members.
The message provided by this paper is that private- and public-sector insurance programs can play
a key role in addressing climate-related risks, though such programs have inherent limitations and
cannot work effectively by themselves in all circumstances. In any case, effective techniques can
be applied with sensitivity to the individuals involved. Sharing experiences and lessons learned
around the world from insurance and related initiatives can benefit many.
Overall, fundamental risk management processes can be used to address some of the adverse
effects associated with climate change. Risk sharing and risk transfer are key tools. The range of
effective approaches is wide and can differ by geographic area, and by whether a prospective or
retrospective (after-the-fact) approach is taken.
This paper explores alternative financing and policy techniques that may be used to anticipate and
respond to potential losses and damages to the most vulnerable, who are least likely to be able to
deal with these damages. For those who are already poor, the losses will deepen their poverty, add
misery, and strain limited available public or charitable resources. It does not address efforts to
mitigate the climate risks involved (e.g., control of greenhouse gas emissions). Rather, its focus is
on adaptation issues; that is, how to reduce through adaptation the adverse effects on the life and
property of those most vulnerable to climate change. In many cases, this may lead to the need for
public-sector involvement or cooperative private- and public-sector insurance and risk
management programs that can be used to offset these effects.
The primary intended audiences for this paper are actuarial associations and actuaries around the
world. Other potential audiences include the insurance industry and its companies, public
policymakers and regulators.
It is hoped that this paper will encourage further discussion of these issues and help lead to the
development and management of effective approaches for this population by national actuarial
associations, individual actuaries, providers of insurance and policymakers. It also illustrates the
relevant roles and responsibilities of actuaries in this area.
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1.2

Where is the “vulnerable population” to be found?

The definition of “vulnerable populations” relevant to this paper is the population at a relatively high
risk of a particular type of loss or damage resulting from climate change. They include in particular
those in lesser-developed countries and those with lower incomes/wealth. They are often members
of marginalized groups, and include children, the elderly, pregnant women, the disabled, the blind
and those who are undernourished or malnourished. They also include those in small businesses,
especially those involved in agriculture.
A person or geographical region that is particularly vulnerable to one type of climate change effect
may not be vulnerable to another effect. For example, those who are most vulnerable to rising sea
levels and flooding are those who live close to coastal areas and riversides. With respect to famine,
they can include those living in a desert area in which little precipitation has fallen in a year, decade
or century. Those who are relatively well-off have often migrated from these areas – those who are
left are often those of lower incomes or with relatively few resources, with fewer life options. If
many people are forced to flee their homes due to climate change, it can become an issue for other
countries and locations that are not as adversely affected.
It is difficult to identify in advance all of the population segments who will suffer climate-related
damages. Nevertheless, although it is known that those with low incomes, those at extreme ages
and those living in geographically risky areas may prove most vulnerable to (at-risk of) the adverse
effects of specific types of climate change, it should not be assumed that no others will suffer any
such damage.
Of course, it has to be realized that those who are vulnerable are not all alike, as they differ not only
in the extent of their vulnerability, but also because of differences in their individual situation and
adaptation strategy, as well as the type and extent of the climate risk to which they are exposed.
Nevertheless, for the purpose of this paper, we have adopted certain generalizations.
In any case, the paradox remains that it is those who are unable to secure insurance cover (because
it is not affordable or not in the financial capability of the private sector alone) for their livelihoods
and property who are likely to be the most vulnerable. This will require that in some cases both the
public and private sector will need to be involved in meeting the direct, indirect and systemic costs
associated with climate change and ensuring an adequate level of pooling of risk.

1.3

What is insurance and how does it relate to a vulnerable population?

Insurance represents a system in which a private-sector insurer or government agency provides a
guarantee of compensation over the period covered – usually financial, but this can also be in kind
(e.g., food supplements or temporary housing) – if a specified adverse event occurs, such as
property damage, loss of livelihood, death or ill-health.
It usually involves a sharing or pooling of risks, in part to reduce a fluctuation of income or wealth
to an individual, household or business that can arise as a result of a contingent event. Insurance
protection can also be provided by general government funds or a pool of public funds and
resources reserved for just such occurrences.
When applied within the context of a comprehensive risk management system, insurance can be a
valuable tool for both individuals and businesses. Social insurance, a government system of
4
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compulsory participation in the provision of benefits such as retirement and disability, is not
necessarily an insurance product, in that it covers a significant percentage of the population;
however, it involves financing provided from societal sources, such as a tax on employment
earnings.
Insurance principles (e.g., loss prevention/avoidance, reduction to exposure, and risk
sharing/transfer) are also commonly used in other risk management vehicles. Insurance and risk
management approaches to address the adverse effects of climate change on vulnerable
populations will be explored in the remaining part of this paper.

1.4

Roadmap to the paper

This paper continues in Chapter 2 with a discussion of possible adverse effects of climate change,
focusing on those that can affect the most vulnerable populations. For those with a deep
understanding of climate change issues, this chapter can be skipped or skimmed. Chapter 3
describes who these vulnerable population segments are, in terms of income level, geographical
location and type of hazard, and by continent.
Chapter 4 discusses insurance as a technique that can be utilized as a financing mechanism in a
comprehensive risk management process. Key features of insurance involve the pooling of many
exposures to a risk and the transfer of these risks to third parties. It can be provided by a wide
range of private-sector products and public-sector programs, or through a hybrid approach
involving both sectors.
Chapter 5 demonstrates the application of private-sector approaches to vulnerable populations
potentially affected by climate change risks that often involve microinsurance. Public-sector
approaches can take the form of macro-level risk-transfer schemes. Examples of each are given,
along with a discussion of some of the advantages and limitations that both type of approaches
are subject to. Finally, several case studies of each are provided.
Even with the use of these two types of approaches, protection gaps will likely remain in many
vulnerable areas. Chapter 6 briefly discusses other approaches that are used to help fill this gap,
including adaptation techniques and alternative risk-transfer approaches, such as using capital
markets and self-insurance, the latter chosen by default or passively selected due to an inability to
afford adequate protection.
The paper closes in Chapter 7 by describing actions that actuaries can take to help address these
risks.

5

Climate Change, Insurance and Vulnerable Populations

Chapter 2: Climate Change
2.1

Background

The purpose of this chapter is to provide background on climate-change-related risks. It focuses
on those adverse effects that may adversely affect those who are least able to manage its
consequences. Note that the examples given here represent only a subset of the overall potential
impact.
Our climate constitutes a complex system. It is the aggregation of weather conditions over an
extended period. A change in climate is a change in these conditions over time. Climatic factors
(or meteorological variables) include temperature, precipitation, humidity, wind and atmospheric
pressure.
The strong consensus of opinion in the scientific community (e.g., the Intergovernmental Panel on
Climate Change – IPCC1) is that climate is changing and global temperatures are rising. The IPCC
forecasts a temperature rise of 2.5ºF to 10ºF (about 1.4ºC to 5.6ºC) over the next century2 unless
significant mitigation efforts are undertaken. Current national commitments made in conjunction
with the 2015 Paris Agreement, while useful, will not be sufficient to reduce the temperature rise to
a level that is considered “safe”.3 The effects of these changes are likely to particularly affect those
who are most vulnerable.
The climate of a particular country or region can be affected by global conditions; local geography,
such as elevation, nearby bodies of water, oceans and vegetation; and the human ecosystem. Steps
taken for environmental mitigation and societal adaptation also drive the type of impact climate
change will have.
The key adverse effects of climate change differ by geographical area. The impact will be adverse
in some regions and favourable in others, with adverse effects expected to eventually dominate
overall. Nevertheless, it is a global issue, as both drivers and consequences affect the global
population.
The repercussions of climate change will be broad, involving the most vital necessities of life: food,
water, air and soil. The interdependence of climatic elements is great, particularly the impact
temperature and water have on agriculture, human health, ecosystems and infrastructure. The
most significant impacts will likely be felt in the lesser-developed and developing world, where the
populations are most vulnerable to weather and climate hazards and are least able to deploy
financial resources to adapt to them or survive.

1

IPCC (2013). “Summary for policymakers”. In: Climate Change 2013: The Physical Science Basis –
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change (Stocker, T.F., et al., eds.). Cambridge University Press, Cambridge and New York.
2
The goal agreed at the Paris Agreement (unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf) within
the United Nations Framework Convention on Climate Change (UNFCCC);
en.wikipedia.org/wiki/United_Nations_Framework_Convention_on_Climate_Change) was to limit global
temperature rise this century well below 2ºC above pre-industrial levels and to pursue efforts to limit the
temperature increase to 1.5ºC.
3
NASA, n.d. “The Effects of Climate Change”. climate.nasa.gov/effects/
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Adverse consequences are expected to increase with the amount of accumulated greenhouse
gases in the atmosphere and ocean. The increasing temperature (the hottest global years on record
have been 2015 to 2018) and acidity of oceans, the melting of sea and land ice (glaciers) leading
to rising sea levels, and the increase in both the frequency and severity4 of natural disasters, point
to an earlier-than-expected onset of consequences. The 2018 report of the IPCC5 suggest that
some of the already-observed adverse effects may not be one-time events. The effects can be seen
in Figure 1, which shows long-term trends in land and sea temperatures.
Figure 1 – Long-term temperature trends

Source: IPCC Fifth Assessment Report (AR56).
4

Severity refers to the intensity of the climate factors and damages. For example, most people can easily
deal with a lack of rain for a day, but a drought of a month or year will have dire consequences.
5
IPCC (2018). “Global Warming of 1.5ºC”. 2018 Intergovernmental Panel on Climate Change.
www.ipcc.ch/sr15/
6
www.ipcc.ch/assessment-report/ar5/
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(a) Observed globally averaged combined land and ocean surface temperature anomalies (relative
to the mean of 1986 to 2005 period, as annual and decadal averages), with an estimate of decadal
mean uncertainty (grey shading). (b) Observed surface temperature changes, derived from
temperature trends determined by linear regression from the orange line in (a). White indicates
areas with limited data availability. A + sign indicates where the trend is significant at the 10% level.
Two scenarios commonly used by the IPCC (IPCC AR5) that illustrate possible extreme scenarios
in terms of overall temperature and precipitation trends, sea level risk and ocean acidification (pH)
are shown in Figure 2 – scenarios RCP 2.6 (optimistic) and RCP 8.5 (pessimistic). The range in
results recognizes the uncertainties involved in the accumulation of greenhouse gases, energy use,
effectiveness of efforts to reduce emissions, and interrelationships between climatic factors.
Figure 2 – Two scenarios of future climate conditions

Source: IPCC AR5
8
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Figure 3 is a graphical representation of the Actuaries Climate Index,7 a measure of observed
changes in extreme weather (reflecting changes in the frequency and duration of extreme
temperatures (highs and lows separately), heavy precipitation, drought, strong wind, and changes
in sea level). This index has seen significant increases over the last several decades.
Figure 3

Source: Actuaries Climate Index
The effects on human life and property introduce a further degree of uncertainty. The following
description of these effects is meant to be illustrative of probable effects of some of those who
are especially vulnerable or sensitive to them.
Environmental catastrophes have far-reaching consequences, from food insecurity to immigration.
Weather shocks, such as storms, floods, droughts and famines, can have both short- and long-term
effects. Slower-onset conditions, such as sea level rise and ocean acidification, represent more of

7

An educational tool (actuariesclimateindex.org/home/) designed to help inform actuaries, public
policymakers and the general public about climate trends and some of the potential impacts of a changing
climate on the United States and Canada. A similar index has been developed covering Australia.
9
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a longer-term danger. None are easy to prepare for, and they form the underlying backdrop for
subsequent chapters.
Although most of the remainder of this paper focuses on climate-related risks and potential
consequential losses/damages, not all of the effects of climate change are adverse. In fact, in
some areas the effects will be favourable, including an increase in rainfall in some currently arid
lands and moderation in areas with currently cold temperatures, increased arable land in some
regions and a reduced number of extreme cold deaths (except those caused by more intense polar
vortices). In some cases, other favourable forces may more than offset the damage that will result
from climate change. An example is the long-term trend of reduction in malaria cases (although in
the end of the 2010s this has shown an increase in frequency) that may more than offset the
increase in mosquitoes resulting from warming temperatures.

2.2

Higher and more extreme temperatures

The direct effects of temperature change include longer, more intense heat waves and volatility,
which can result in heat-related illnesses and deaths,8 even with small differences in average
temperature. Wealthier households can more easily adapt to changes in weather patterns. Indirect
effects include much of what is described in sections 2.3 through 2.10.
Low-income, homeless, disabled, and immigrant populations are more exposed to the effects of
heat waves, as these groups often reside in areas affected by heat islands (especially in
overcrowded urban areas significantly warmer than surrounding rural areas due to human
activities). In addition, these vulnerable individuals have limited adaptive capacity due to such
conditions as a lack of adequately insulated housing, limited affordability of air-conditioning,9
inadequate access to public shelters, and lack of access to routine and quality healthcare available
under emergency or even disaster conditions. These social, economic and health risk factors give
rise to the observed increase in disease and deaths resulting from extreme heat.
In a meta-analysis, Bunker et al. (2016)10 identified substantially elevated risks for the elderly for
temperature-induced cerebrovascular, cardiovascular and respiratory outcomes. As those in lessdeveloped countries develop better control over communicable diseases and thus have a longer
life expectancy, the increased number of those who are elderly will lead to more premature deaths
due to non-communicable diseases.

8

See the REWG paper “Climate Change and Mortality” (November 2017).
www.actuaries.org/CTTEES_ENVIRO/Papers/REWG_CCandMortality_final_Nov2017.pdf
9
However, increased use of these technologies can place strains on the use of energy and spew
greenhouse gases into the atmosphere.
10
Bunker, A., et al. (2016). “Effects of air temperature on climate-sensitive mortality and morbidity
outcomes in the elderly: a systematic review and meta-analysis of epidemiological evidence”. EBioMedicine
6, 258–268.
10
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Diffenbaugh and Burke11 demonstrated that many poor countries have been significantly harmed
by global warming. They found, with very high likelihood, that climate change has increased
economic inequality between the richer and poorer countries by about 25%.
Power grids can deteriorate or collapse, roads and transportation can become impaired as roads
buckle or deteriorate at a pace that many countries can ill afford to maintain, and planes can be
grounded. These can place great stress on fragile economies, including threats to the production
and delivery of agricultural goods.
Urban areas generally experience lower productivity during brief periods of higher temperatures.
Heat island effects concentrate temperature increases on foci of economic activity and reduce
productivity of workers. The effects on urban and national economies can thus be substantial,
especially where the urban building stock is adapted for earlier climatic conditions, as with many
European metropolitan areas. The Fifth IPCC Assessment Report estimated that extreme heat
events could reduce output by 20% in affected sectors by 2050–2100, at a cost of US$2 trillion,
although such costs could emerge much sooner.
Rural areas are also exposed, especially where resources to adjust working conditions and adaptive
capacity are limited, such as in low-income areas in Asia. Increased mortality risk due to extreme
heat, generally thought of as a risk for elderly populations in developed (members of The
Organisation for Economic Co-operation and Development, OECD) countries, extends to the Middle
East and South Asia, including hundreds of millions of rural dwellers in areas where heat can
exacerbate public health deficits, water stress and migration pressures.

2.3

Extreme precipitation

Extreme precipitation events12 and conditions can compromise drinking water, recreational waters,
and marine life habitats by introducing new pathogens and toxic algal blooms. These events and
conditions increase not only the incidence of water-related contamination, but also crop
contamination and resulting food-borne diseases that spread harmful bacteria through agricultural
waterbeds. Floods threaten survival by causing injuries or death by drowning, as well as damage
to quality of life and property deterioration.
In addition, a health consequence of flooding can be fungal growth and toxic mould, which
especially affect homes and living conditions of those with lower income. The World Health

11

Diffenbaugh, N.S., M. Burke (2019). “Global warming has increased global economic inequality”.
Proceedings of the National Academy of Science of the United States of America. May 14, v116 (20).
www.pnas.org/cgi/doi/10.1073/pnas.1816020116.
12

Lehmann, J., F. Mempel and D. Coumou (2018). “Increased occurrence of record‐wet and record‐dry
months reflect changes in mean rainfall”. Geophysical Research Letters 45(24), 13, 468–476.
10.1029/2018GL079439. This indicates that heavy rainfall events now occur more frequently than they did
40 years ago in most of the world, except in Central Africa, where record-dry months have become more
common.
11
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Organization (WHO) has indicated13 that living in the vicinity of mould can cause allergies, asthma
and immunological reactions.
Areas with a concentration of poverty are often more subject to droughts, which can also adversely
affect quality of life, hunger, malnutrition, poverty and mortality, as well as leading to vanishing
water sources, crop failure, livestock deaths and loss of income. Long-term reductions in average
rainfall might severely curtail agricultural and other economic activity.
Dryness can also exacerbate other climatic factors; for example, when combined with high
windspeed it can lead to wildfires. Extremes in precipitation have also contributed to migration and
conflicts.

2.4

Extreme storms

In addition to the financial cost of damaged property, more severe storms result in adverse human
health, housing instability and overflowing sewage – all of these being more common in poorer
areas. The infrastructure for water (for drinking, waste and other uses can become damaged,
causing water supplies to become contaminated and further compromise clean drinking water,
leading to an increased risk of waterborne diseases. They can also limit access to safe water and
nutritious food by increasing the risk of food damage, contamination and spoilage. Storm-induced
hazardous waste leaks will be more likely in vulnerable neighbourhoods.
Warm air can hold more water and warmer oceans can increase cyclone intensity. Storm surges
and excessive rainfall from tropical cyclones can therefore cause inland flooding, which can inflict
great financial damage and threaten human health, particularly in areas not prepared for cyclones.
Disruption in power, transportation, communication, water and waste management infrastructures
can result. Riverine flooding can also lead to similar effects.
The extent of overcrowding and those with low incomes in an area can contribute more to damage
than the size, force or duration of a cyclone. The effectiveness of an early warning system can
exacerbate or mitigate storm damages. As an example, although only classed as a Category 1
tropical storm the day before, Hurricane Sandy, which affected New York, became the second most
costly hurricane to hit the United States, with US$70.2 billion14 (2017$) of damage. An increase in
the number of people moving into an area exposed to these threats only makes damage worse. It
has been estimated that by 2015 about 1 billion people will be living in areas exposed to coastal
flooding.
In addition, those most vulnerable to extreme weather events tend to live in houses, mobile homes
or shanty towns not built with resilience in mind; have limited property or health insurance; or live
in areas particularly susceptible to such events.

13

World Health Organization (2009). “WHO guidelines for indoor air quality: dampness and mould”. ISBN
978 92 890 4168 3. www.euro.who.int/en/health-topics/environment-and-health/airquality/publications/2009/who-guidelines-for-indoor-air-quality-dampness-and-mould
14
National Hurricane Center (2018), “Costliest U.S. tropical cyclones tables updated”, National Oceanic and
Atmospheric Administration, January 26, 2018. www.nhc.noaa.gov/news/UpdatedCostliest.pdf
12
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2.5

Vector-borne and other diseases

Increased temperature, precipitation and humidity can lead to an increase in insects, especially
mosquitoes, which can spread disease. Although some of these diseases have become better
controlled over the last several decades – such as malaria, dengue fever, diarrheal disease, and
Lyme disease (by ticks) – since transmission and spread are sensitive to higher temperatures,
increases in their frequency are possible.
The warmer the weather and the longer the summer season, the more frequently insects bite
humans and animals, which results in a wider spread of mosquito-related diseases. The IPCC’s
2018 report explicitly warned that Aedes (the mosquito vector for dengue fever, chikungunya,
yellow fever and the Zika virus) will enjoy a “larger geographic range at 2ºC than at 1.5ºC and
beyond than at present”, which will grow the areas of vulnerability. Disease will become prevalent
as these insects extend their geographical reach as temperatures warm. The WHO15 has projected
about 60% of diarrheal deaths are expected to be in sub-Saharan Africa and 25% in South Asia,
which will spread further.
When these diseases affect the breadwinner(s) of a family, the remainder of the family suffer
financially and emotionally. Mental health can be adversely impacted, no matter what the cause.

2.6

Air quality

Many of the drivers of climate change also affect outdoor air quality, especially pollution. Warmer
air can also increase the severity of the effects generated by air pollution. Pollution can consist of
and produce such harmful by-products as ozone, particulate matter and higher pollen counts.
Of what is estimated to be 7.3 million premature deaths due to air pollution 16 (4.3 million of which
are due to deficient indoor air quality), 91% occur in low- and middle-income countries, with the
greatest number in the WHO South-East Asia and Western Pacific regions.
Further, as the frequency and severity of wildfires increase, the resulting smoke sends fine
particulate matter and ozone into the air, further diminishing air quality and affecting atmospheric
and weather patterns, as well as destroying homes and forest habitats.
Climate change can impact outdoor air quality in urban areas where large proportions of minority,
low-income, homeless, and immigrant populations reside. In many urban areas, fine particulate
matter and ozone levels exceed U.S. National Ambient Air Quality Standards 17. Those with lower
incomes in particular suffer from higher rates of cardiovascular and respiratory illnesses, such as
chronic obstructive pulmonary disease (COPD) and asthma.18 Especially in low-income megacities, pollution is responsible for about 16% of all non-communicable disease mortality, which
includes 22% of deaths from cardiovascular disease, 26% of deaths from ischemic heart disease,

15

WHO (2014). “Quantitative Risk Assessment of the Effects of Climate Change on Selected Causes of
Death, 2030s and 2050s”. www.who.int/globalchange/publications/quantitative-risk-assessment/en/
16
Estimated for 2012. WHO (2016). www.who.int/phe/health_topics/outdoorair/databases/en/.
17
www.epa.gov/naaqs.
18
See the IAA Population Issues Working Group’s “Actuarial Perspectives on Inequality” (upcoming, 2019).
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25% of deaths from stroke, 53% of deaths from COPD and 40% of deaths from lung cancer.19 Ozone
can also reduce crop yield, which can result in increasing use of pesticides and antibiotics in
agricultural animals, as well as in affecting the nutritional value of crops.
Individuals at all levels of income, especially but not exclusively, in large urban areas, are vulnerable
to the effects of climate change on air quality. For example, Arctic warming increases urban
pollution in the north China plain (with about 500 million people) by slowing windspeeds that would
otherwise clear pollution out to sea.
Poor air quality is responsible for about 22% of infant deaths (449,000 additional deaths in 2015)
in 30 countries in sub-Saharan Africa.20 This effect has not declined over the last 15 years and does
not diminish with higher levels of household wealth. In this case, all individuals living in an area so
affected become vulnerable.

2.7

Water quality

In addition to contamination caused by flooding from extreme precipitation, higher temperatures
and CO2 levels are detrimental to water integrity, including compromised water supply and
damaged sanitation facilities. The warming of the upper layer in deep lakes slows the air exchange
required to oxygenate their water. This creates a dead zone, an oxygen-depleted area that is foul
smelling and saturated with toxic algal toxins that can cause a variety of diseases. Such dead zones
cannot support life, leading to the deaths of large quantities of fish, upon which many people
depend for their livelihood and food supply.
Greater CO2 concentrations also lead to ocean acidification, which is detrimental to calcium
carbonate shelled marine organisms such as molluscs and coral. This endangers all ocean
ecosystems and threatens at least 3 billion people21 who are directly dependent on the ocean as a
source of food or livelihood. Ocean degradation can especially affect employment for and income
of low-income fishermen. Water insecurity can arise from this or a lack of fresh water, especially in
a drought condition.

2.8

Rising sea levels

Rising sea levels can be attributed to both warming water and the melting of glaciers and sea ice.
Sea levels have risen by 8 inches (20 cm) globally during the past century and are expected to rise
a further 1 to 4 feet (30 cm to 120 cm) in the next. The rise in sea levels can also exacerbate the
effects of major storms over land.
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Fuller, R., et al. (2011). “Pollution and non-communicable disease: time to end the neglect”. Lancet Planet
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The decline in summer sea ice exacerbates global warming by reducing the reflectivity of the
Earth’s surface and increasing the amount of heat absorbed. Increased precipitation and riverine
runoff also contribute to local water rise in the world’s estuaries.22
The combination of thermal, salinity, tidal, riverine and broader ocean volume effects make
actuarial estimates of losses and damage, whether for Bangladesh or the Hudson River,
increasingly complicated. Information obtained from satellite and in-ocean sensing sources used
to build models anticipating such effects are only beginning to accumulate relevant and reliable
data, especially in the developing world.
Warmer temperatures lead to destruction of delicate marine habitats, which, together with
overfishing, have harmful effects on many poor fishermen.
Among the most vulnerable populations are those who live on low-lying islands, especially those
in the Pacific Ocean. This ultimate existential risk may require wholesale emigration of these
populations to other areas in the world. In general, people are truly vulnerable if, after a disaster or
adverse condition arises, there is nowhere to return to.

2.9

Food safety and food security

In developing countries, food and income security can be threatened, as certain crops may be
destroyed and weather patterns relied on for traditional agricultural practices change, Rising
temperatures can also contribute to an increase in certain pathogens and toxins in food.
Food insecurity is a serious issue among the vulnerable. For example, about 821 million people
were malnourished in 2017 and about 150 million children suffer from stunting.23 Key drivers
include the effects of climate contributing to the volatility of rainfall patterns, agriculture seasons
and climate extremes such as drought and floods, as well as conflicts and economic slowdowns.
More intense droughts and erratic rainfall make it difficult for farmers to meet nutritional needs.
Decreasing crop productivity and disrupted markets mean that access to nutritious food will
increasingly challenge many less-developed countries. Climate change can also affect food safety
and reduce the nutrient and protein content of some crops, such as wheat and rice, especially for
households that have to spend a relatively large proportion of their income on food. Higher prices
most heavily affect the vulnerable. With one-third of global crop yield volatility due to climatic
variations, climate change can become a risk multiplier for food security.24
Combined reductions in arable crop production and protein intake from marine sources can
dramatically affect food affordability (although this could at the same time benefit well-placed
farmers and those able to continue their fishing activities). Adverse effects on agriculture may be
exacerbated by the general growth in population and increased urbanization, as the general
consensus is that global agriculture production has to be increased by about 60-70 percent from
22
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current levels to meet the increased food demand in 205025. Resulting changes in location of
fishing (e.g., migration of fish towards the poles as a result of warming oceans) can affect the
livelihood of many fishermen.

2.10 Psychological stress and health effects
Lower-income individuals, immigrants and those belonging to marginalized ethnic/racial groups
are more likely to experience stress-related mental health conditions during and after extreme
climatic events or conditions, especially where their quality of life deteriorates or uncertainty
increases with respect to current or future resources. And pregnant mothers who live through
natural disasters can pass on the stress from that experience to their babies in utero.
Higher mean and maximum temperatures have adverse impacts on psychological health and
socio-political stability. While this cannot be conclusively proven (e.g., conflicts in Africa have
generally fallen in intensity, despite a period of secular warming), a review of 60 studies spanning
12,000 years found that a one standard deviation increase in temperature (equivalent to a 3ºC rise)
raised the frequency of interpersonal and intergroup conflict by 4% and 14%, respectively.26
Figure 4 is a summary of some of the potential direct and indirect adverse effects on human health
that can result from climate change.
Figure 4 – Health effects of climate change

Source: Watts et al. (2015)27
25
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World Bank and the FAO (2009), “How to Feed the World in 2050”.
26
Hsiang, S.M., M. Burke and E. Miguel (2013). “Quantifying the influence of climate on human conflict”.
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Watts, N., et al. (2015). “Health and climate change: policy responses to protect public health”. The
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2.11 Chapter summary
Climate change has had and will increasingly have a wide range of adverse effects on human health
and quality of life, property damage, and economic activity. These affect individuals, businesses,
and government. As indicated in this chapter, it tends to most affect those who are least able to
manage its consequences. The next chapter focuses on who those people are.
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Chapter 3: Vulnerable Populations
The purpose of this chapter is to identify the vulnerable populations who are most susceptible to
the various climate-change-related risks. Under IPCC forecasts, the failure to change recent climate
trajectories will likely lead to suffering by the most vulnerable in many countries. Indeed, while many
analyses of the impact of climate change address its aggregate economic effects, this paper
focuses on the distributional impacts within countries and those who the most vulnerable. The
characteristics explored here are income and geographic location. In addition, a perspective by
three continents – Africa, Asia and Latin America – is provided.

3.1

Definition of “vulnerable populations”

The IPCC defines vulnerability as “the propensity or predisposition to be adversely affected”.28 As
such, vulnerable populations are, in the context of this paper, those people who tend to be adversely
affected by climate-related changes more than the average individual. They can also be referred to
as being the “least advantaged” with respect to these risks and can differ by type of risk29.
This includes not only those in lesser-developed countries, but also those in low-income or low
socio-economic classes, especially rural areas in developed countries. In addition, vulnerability is
not necessarily black and white: one is not either vulnerable or not vulnerable – individuals are on
a spectrum of degree of vulnerability.
According to the IPCC, vulnerability to climate change encompasses the following elements:
•
•
•

Exposure – the extent to which an individual or entity could be exposed to damage or loss
by the effect of climate change;
Sensitivity – the degree to which people or communities are affected by climate variability,
either adversely or beneficially; and
Adaptive capacity – the ability of people or communities to adjust or respond to adverse
impacts and take advantage of potential opportunities that arise.

Examples of these elements with respect to health vulnerabilities are shown in Figure 5.
Populations differ in their degree of vulnerability to climate change, depending on the three factors
above. Populations of concern can include groups facing many stressors. Vulnerability is
concentrated in groups that face an accumulation of these stressors related directly to climate
change, including exposure to risk, location, infrastructure, access to transportation, adaptability to
change, inflexibility of lifestyle, life-stage, health or disability, access to insurance protection,
personal resources, and socio-economic and migrant status. They can be given relatively low
priority by institutional neglect and their governments.
This also includes many small businesses, especially those involved in agriculture in rural areas. In
addition, all those in the value chain can be affected, which can result in losses to other elements
of this value chain.
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IPCC (2017). “Definition of Terms Used Within the DDC Pages”. Glossary. www.ipccdata.org/guidelines/pages/glossary/glossary_uv.html
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For example, a person who lives in a non-resilient structure in a coastal area could be vulnerable to sea
level rise, while not being vulnerable to drought or excessive heat stress.
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Individuals and businesses will not be affected in the same way by different types of hazard that
are driven by climate change. For example, some are located in a more resilient structure, are
healthier, or are better prepared to avoid or withstand loss or damage as a result of some
characteristic or adaptation action. Some will just be lucky, just missing a climatic event due to
having moved.
Due to many other factors, those who are currently vulnerable to the effects of climate change risks
may be better or worse off than those in similar circumstances in a different location or in the past.
The damages due to climate change discussed here are incurred in a marginal manner; that is,
solely due to climate change compared to the situation if climate change had not occurred. It has
to be kept in mind that many of those who are especially vulnerable to climate change risks are
also vulnerable to other risks, such as other environmental hazards or undernourishment or
malnutrition.
The following digs deeper into two characteristics of vulnerability – income and location, although
other factors can also contribute to the extent of vulnerability. These factors will determine what
type(s) of adaptation efforts an individual, community or country would be advised to undertake.
Figure 5

Source: Crimmins et al.30
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3.2

Vulnerability by income

In general, individuals in a low-income31 or otherwise disadvantaged population segment are more
vulnerable to the effects of climate change than those with higher incomes, as they have relatively
higher exposure, greater sensitivity and lower capacity to adapt to climate variability. Those who
are poor usually have a higher percentage of their resources at risk under many forms of climate
risk. They are also the least likely to be covered or adequately covered by private insurance and so
lack some of the financial protection which other less vulnerable communities enjoy.
However, not all vulnerable people are poor, and those labelled “poor” may not be exposed to a
particular climate risk. And factors that contribute to poverty can include deprivations in basic
services such as health, education, standard of living, hunger, illiteracy, social exclusion, loss of
sense of belonging and identity, and disempowerment. Neither do national borders precisely
correspond to those in poverty and relatively low income, although it is common to refer to a
country with many poor people as a poor country. In this paper, although references to the degree
of development of countries are made, poverty does not know national boundaries and can exist in
any country.
Those working in outdoor occupations generally have greater exposure to adverse health effects
that result from extreme climate conditions. A substantial portion of low-income populations,
especially in lesser-developed countries, work in the agricultural sector and rely on local agriculture
for food security. As a result, low-income agriculture-based communities have the greatest
exposure to climate change and need an effective risk management process – they cannot afford
to plan but they cannot afford not to.
Low-income and agricultural occupations are often concentrated in rural areas. These rural areas
are more sensitive to climate change, partly because they are often located in areas with higher
climate risk exposure, such as in flood plains, for the reason of affordability and marginalization.
As a result, they are most impacted by natural hazards. The adaptive capacity of rural agriculturebased communities is reduced due to limited access to resources such as healthcare services and
transportation, which also causes these populations to be less likely to evacuate when an extreme
event occurs.
Low-income populations are far more sensitive to climate change as they tend to lose more in
proportional terms. The short-term financial impact of an extreme weather event on those living
below the poverty line include loss of lives, homes, earning abilities and agricultural products. Over
the long term in the face of such loss, such populations also face an increase in food prices, a
decrease in the level of food security, deterioration of health and inability to manage schooling.
Because many types of damage due to climate change can affect entire communities, there can
be knock-on effects, adversely affecting the ability to recover after these events or conditions.
Moreover, the impact of climate-related events can also impact mental health and well-being.
Those with low incomes also tend to have a relatively low capacity to cope with climate change
due to their limited resources, knowledge and support. With less insurance protection, they often
remain trapped in poverty. During a weather-related crisis, the low-income populations are often
forced to sell productive assets such as livestock at below-market prices to meet immediate
liquidity needs. In other cases, they may only be able to borrow money from their family or friends
31
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or take out a loan with moneylenders at high rates that they may struggle to repay. Entire
communities or regions tend to be affected in the same way, reducing the ability to recover after
an adverse event.
While vulnerability by income level is often distinguished between lesser-developed and developed
countries, those who are relatively poor in developed countries are also vulnerable to climate
change for the same reasons. For example, in developed countries, some of those in low-income
groups and areas may have similar experience to those in lesser-developed countries that
contribute to vulnerability to climate change.
In any case, climate change is itself likely to create new economic cohorts of winners and losers
from one decade to the next. This occurs as both new and existing economic sectors respond to
shifts in risk and opportunity, possibly by creating new international supply chains while also ruining
groups of individuals and businesses that seemed insulated to the risk of economic ruin only a
generation earlier. Accordingly, it is not safe to expect that existing risk profiles by location, age,
gender, nationality or economic sector will be stable. Regular assessment needs to be made to
ensure that appropriate adaptation techniques remain relevant and effective.
Although not within the focus of this paper, existing accumulations of wealth and capital may not
prove sufficiently resilient to substantial changes in economic returns of the type that climate
change could produce within a generation. Preventive action is needed to reduce the number of
those who will become vulnerable by building strong and more resilient and sustainable structures,
infrastructures and communities.

3.3

Vulnerability by geographical location

While exposure to a particular type of weather-related disaster may not differ significantly between
similarly situated people in lesser-developed and developed countries, the former are more
vulnerable to many of the effects of climate change. Although total deaths from weather disasters
have decreased over the last century, the United Nations Office for Disaster Risk Reduction
(UNISDR) estimates32, as a percentage of the population potentially exposed, the average
percentage of people affected by these disasters generally increases as incomes decline. In the
highest income countries, just 1% of the population potentially exposed were affected, increasing
to 4.7% for upper-middle income countries, 5.4% for lower-middle income countries and 7.6% for
low-income countries. As shown in Figure 6, lower-middle income countries had both the highest
number of deaths and the highest percentage of deaths as a percentage of the population
potentially exposed. Between 2000 and 2017, about 60% of deaths from natural disasters occurred
in the low-income and lower-middle income countries.
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Figure 6 – Deaths and deaths per million population potentially exposed from climate-related
disasters between 2000 and 2017

Source: CRED/UNISDR (2018)
Further, direct economic losses due to climate change expressed as a proportion of GDP were more
than double in low-income countries than in high-income countries.33 Governments in lesserdeveloped countries are also challenged by limited tax income, greater indebtedness, weaker
infrastructure and regulation, and more limited formal insurance penetration.
The largest adverse impacts of weather shocks that are made more frequent and severe by global
warming are in already-hot countries.34 Nearly all low-income countries are already relatively hot or
tropical. Indeed, the impact is long-lasting, with adaptation to extreme climate events or conditions
very difficult for poor countries. Recovery from the adverse impact of weather shocks can be slower
where there is weaker infrastructure and governance. This may include the necessity to prepare for
the next environmental crisis. It is estimated that annual real income from a representative lowincome country under unmitigated climate change would be 9% lower in 2010 than it would
otherwise be. Thus, the International Monetary Fund concluded that low-income countries need to
develop quickly to cope better, which will prove difficult without help from others.
Countries expected to be vulnerable to climate change generally pay significantly more to borrow
from financial markets or multi-national institutions.35 Climate vulnerability has already raised the
average cost of debt in a sample of developing countries by 117 basis points for the 20 most
vulnerable countries. The basis of this estimate focused on the physical impacts of climate change,
such as extreme weather shocks and severe climatic trends with a potential to impair country-level
credit ratings and increase sovereign bond yields. In absolute terms, this translates into US$40
33
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billion in additional interest payments over the past 10 years on government debt alone, expected
to increase significantly in the future. These national governments will have to develop programs
that will preserve their physical and economic resilience to minimize these costs. From a financial
perspective, the authors conclude that effective climate adaptation initiatives must accomplish at
least one of the following: reduce economic costs, improve economic recoveries and/or transfer
financial risks.
Vulnerability to climate change can also differ between those living in urban and rural areas. Rapid
and unplanned urbanization of cities of high density can result in greater vulnerability to climaterelated disasters. This may be due to infrastructure that is weak and insufficiently adapted to
respond effectively to climate change risks. Such vulnerability is exacerbated in informal
settlements or slums that are often located on marginal land or areas close to river systems,
exposing people to the effects of hazards such as floods, storms and landslides that can adversely
affect both their living and working conditions.
The urban poor, especially those living in slums, depend upon the informal sector for their
livelihood, with limited insurance coverage. These areas, exposed to natural disasters, are often
near bodies of water and in marshy or low-lying areas, with limited insurance coverage. Urban
floods bring other stresses, including reduction in fresh water availability, ground water
contamination and waterborne disease. This creates pressure on government bodies to provide
services they may not be able to deliver. How to prepare these slum communities for natural
disasters, what precautionary measures to take, and how damages can be controlled and be
rehabilitated are major risk management challenges.
On the other hand, rural populations heavily dependent on natural ecosystem services and
resources through agriculture can be vulnerable to climate change as well. Further, the rural
population may also rely upon the city for employment, health care and emergency services. Thus,
the extent of exposure will depend upon the individual community and its location and resources,
rather than strictly its urban or rural environment.
In sum, the extent and patterns of vulnerability can differ by type of hazard, as will methods used
to adapt to these hazards. That is, there is no one-size-fits-all set of solutions for all climate change
risks and for all countries.

3.4

Vulnerability by continent

Climate change will bring increased variability of weather to regions of the world. In this paper,
vulnerabilities to climate impact focus on individuals and small businesses in the most vulnerable
continents: Africa, Asia and Latin America. The following provides an overview of the major climate
risks in these three continents.
a. Africa
Africa is one of the continents most vulnerable to the effects of climate change because of its
volatile climate, its preponderance of lesser-developed and emerging countries, and, in some
countries, a lack of resources to effectively adapt. The lack of resources is due to such factors as
the level of poverty, low level of education, weak institutions, political conflicts and inadequate
infrastructure.
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It is expected to experience a greater risk of high-severity drought and flooding. The Food and
Agriculture Organization has estimated that in 2017 20.4% of Africans (31.4% of those living in
Eastern Africa) were undernourished and 29.8% experience severe food insecurity (48.5% of Middle
Africa)36. Future sea level rise could seriously inundate African coastlines, including the Nile delta,
resulting in degradation of marine ecosystems and property damage. Africa is also the continent
with the greatest number of countries facing water scarcity. Depending on soil conditions, changing
rainfall levels will likely severely impact agriculture due to shorter growing seasons and lower
yields. As a result of these factors, Africa is the continent with the highest risk of food insecurity
due to climate change, as the occurrence of three or more different types of climate extremes has
increased by 160%, from 10% in 1996–2000 to 25% in 2011–2016. In sub-Saharan Africa, for
example, the situation is even more pressing, where an estimated 23.2 percent of the population
may have suffered from chronic food deprivation in 2017.
Africa is expected to be at risk of climate-sensitive diseases including malaria, tuberculosis and
diarrhea. A warmer environment could open new areas for malaria that may offset the long-term
trend of reductions in its prevalence, particularly in the densely populated east African highlands.
Changes in climate will also add pressure to Africa’s threatened ecosystems, resulting in species
migration and habitat reduction. Because of deforestation and degradation of grasslands, it is
expected that 25–40%37 of animal species in sub-Saharan Africa national parks will become
endangered.
b. Asia
Asia, being the largest and most populous continent, with greatly diverse climatic zones, faces high
risks of natural hazards. There appears to have been significant increases in the intensity and
frequency of many types of extreme events, including heat waves, tropical cyclones, prolonged dry
spells, intense rainfall, tornadoes, snow avalanches, thunderstorms and dust storms.
Climate change threatens the sustainable development of many Asian countries that are
considered lesser-developed and developing in many ways, including:
•
•
•
•
•
•

36

Food security may be a problem because land is being degraded;
An increase in insects may contribute to a reduction in production of crops such as rice,
maize and wheat;
Water and air quality are deteriorating in many areas;
Rainfall level is expected to rise across the continent, increasing the chance of flooding
during summer monsoons;
Glaciers in the Himalayas are melting at a rapid pace, increasing the risks of flooding and
rock avalanches from destabilized slopes, as well as leading to eventual water scarcity and
reduced hydro-power; and
Epidemics of malaria, dengue fever, and other vector-borne diseases affecting human
health are expected; in particular, sickness and death due to diarrheal disease are projected
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to increase as a result of drought and flooding, with increased amounts of cholera bacteria
in coastal waters.
Asia faces great challenges in protecting its natural resources, particularly within marine and
coastal ecosystems. Agriculture in countries such as India can be severely affected. Fisheries will
be adversely affected as sea levels rise, changing the temperature and salinity of water, which will
significantly change fish breeding habitats, and ultimately the entire ocean supply chain.
By way of specific national examples, China faces increased frequencies and severity of heat
damage to rice growing, waterlogging of winter wheat, a doubling of the area exposed to drought
risk, and a 64% decrease in glacial ice storage, under the IPCC’s RCP 8.5 scenario. Moreover, an
extreme scenario of a collapse in the Atlantic Meridional Overturning Circulation would lower
average Indian arable yields by 10%, according to estimates published by the United Kingdom’s
multi-agency Global Food Security Programme, by weakening the Indian summer monsoon and
cutting back irrigated rice output.38 While this is within the expected realm of year-to-year variation
for the annual monsoon, a permanent fall in the central expectation for future yields would be more
serious for Indian food security.
c. Latin America
Latin America has the greatest biological diversity on earth, hosting several of the world’s most
diverse landscapes. Its climate has experienced significant changes already, with shifting
precipitation patterns, rising temperatures and certain areas experiencing changes in the frequency
and severity of weather extremes such as heavy rains and floods.
These countries are at risk of a variety of climate-change-related problems: rising sea levels,
diminishing potable water supplies, forest fires, intense storms and flooding, heat waves and the
spread of diseases. These disasters are occurring more frequently in the region and will likely
increase in intensity.
The effects of long droughts and inconsistent rainfall can be physically and mentally devastating.
In 2016, the United Nations’ World Food Program estimated that a recent drought had left 1.3
million Hondurans in need of humanitarian assistance39. Subsequent torrential downpours and
flash floods can also be common across Honduras, washing away fields of crops plus bridges and
houses. Forty days without rain in Central America in August of 2018 contributed one more reason
for many people from rural Honduras to join caravans attempting to immigrate to Mexico or the
United States or to seek other job opportunities.
It is projected that Andean glaciers will disappear before the end of the century – glacial melt
increases the risk of floods, but ultimately leads to elevated risk of water shortages, drought and
serious environmental degradation. Increases in temperature and decreases in soil moisture will
cause savanna to gradually replace tropical forest in the eastern Amazon basin. Agricultural land
will experience salinization and land degradation, leading to increased food insecurity. Productivity
of livestock and other important crops including coffee and maize will also be at risk.
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Heat stress will pose a health risk, particularly to the aged, infants and young children. This may
result in increased transmission of diseases including malaria, dengue fever and cholera.
Subsequent to floods and droughts, incidents of rodent-borne infections may increase.
The Amazon basin and many highly biodiverse inhabited areas will experience reduction in tropical
forest areas, leading to an increase in threatened or endangered species. Unregulated use of land
will also pose a challenge, increasing the risk of biodiversity loss.

3.5

Chapter summary

Although those who are especially vulnerable to the effects of climate change are primarily those
in lesser-developed and emerging countries, there are considerable numbers of people who are
vulnerable in developed countries as well. As pointed out in this chapter, those particularly affected
include those of lower incomes and in certain geographical areas. Extremes in higher temperature
and precipitation especially will affect vulnerable individuals through heat stress, extreme weather
events, degraded air quality, waterborne and vector-borne diseases, food insecurity and
psychological stress, particularly those living in Africa, Asia and Latin America. Not only are the
vulnerable more likely to live on the front lines when natural disasters hit, they are also less likely
to receive the same level of support that affluent families receive in their aftermath.
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Chapter 4: Risk Management and Insurance
Insurance can be an important part of a comprehensive climate change risk management process.
Its fundamental concept is the pooling and transfer of risk, which can be used to prepare for and
manage the risks and costs associated with climate change. Many of the concepts in this chapter
are general in nature and can be applied to other risks as well. However, they are certainly relevant
to risks related to climate change and will be applied in the succeeding two chapters.

4.1

Risk management process and techniques

Risk management is the process of ensuring that the risks and uncertainties to which an individual,
business or government are exposed are identified and effectively managed. In many cases,
expected financial costs have to be financed through the use of insurance or self-insurance, each
of which may present affordability problems to the vulnerable population, or by means of outside
assistance after the fact.
A comprehensive risk management process consists of:
•
•
•
•
•

Identifying risks that threaten health, income or other resources;
Evaluating and measuring risk probabilities and their expected severity;
Controlling through mitigation or adaptation to reduce the probability and severity of losses
or damages;
Financing the expected or actual cost of a risk; and
Monitoring to identify new risks, monitor risk appetite and recognize/report on the
effectiveness of measures in place and actual costs.

This process is more complicated than following a list of tick-marks, with the steps in some cases
taking place in a different order, and with periodic feedback loops occurring at any step in the
process. Both financial and non-financial risks can be addressed, as well as both short- and longterm risks. Advanced planning can be extremely important, to avoid the necessity of crisis
management; that is, after-the-fact disaster recovery.
Stakeholders need to decide what their perspectives are, the steps they need to undertake and the
techniques they need to utilize, as well as which risks to avoid, retain, transfer or share. The extent
of the risk transfer will depend on the probability and cost of the risk occurring, their existing and
expected resources, and the cost of the transfer.
Time is an important element in any risk management process. An early warning system is needed
for some climate risks over minutes, hours and possibly days. Years or decades are needed to plan
for and implement many adaptation strategies, while decades or centuries are needed to mitigate
the original cause of climate change; that is, greenhouse gas emissions.
Key tools for risk management include:
•
•
•
•

Pooling/spreading of risk (or insurance);
Diversification;
Control measures to eliminate or reduce the likelihood of the risk occurring; and
Control measures to mitigate consequences of the risk event.
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For businesses and governments, measurement of costs, benefits and damages is commonly
performed by carrying out an analysis of actual vs expected experience, although the most
significant effects of climate change are in the future. Common metrics used by insurers or in
another risk-transfer approach include:
•
•
•

•

Statistical tools – modelling that develops quantitative measures of the extent of extreme
values;40
Low likelihood/high impact risks – regulatory defined tolerances, such as the ability to
withstand a 1-in-200-year risk event over a period of one year, which is particularly used in
the case of assessment of adequacy of capital of a financial institution;
Stress and scenario testing and reverse stress testing – heuristic approaches to estimate
ground-up and retained losses for user-defined scenarios; these scenarios can be used to
test the adequacy of an entity’s economic resources during remote but plausible conditions
or scenarios; and
Actual-to-expected analysis – actual loss frequency and severity can be compared with
those expected using statistical techniques, such as Monte Carlo stochastic modelling
(e.g., considering asymmetric probability distributions). This can assist with validating or
recalibrating the models used to determine sustainability or adequacy of the economic
resources required over a long period of time. Whether sophisticated modelling is used or
a simple imagining of possible scenarios, this approach is always useful, although limited
in the case of very-low-probability outcomes.

An example of a useful metric is actuaries climate indices applied to measure extreme climatic
effects, although they are currently only available for Australia, Canada and the United States.41
These measure variations in these factors, which is where most climate-change-related damages
occur.
Such measurement techniques are relevant to communities, organizations such as financial
institutions and risk pools, governments and individuals.
The following is an implicit analysis of how a vulnerable individual or business could follow a
comprehensive risk management process:
•
•
•

40

Identify risks that threaten health, life, income or other resources – based on such factors
as my location and the resilience of my resources, such as my home;
Evaluate the range of risk probabilities and the severity of consequential damages – how
much of a concern is it (high/medium/low) – and can I afford such damages;
Control through avoidance, mitigation or adaptation to reduce the probability and severity
of losses or damages – for example, addressing such questions as “Should I move, prepare
my home or buy an air conditioner?”; thinking through and implementing these loss-

These can include:
• Value at Risk (VaR) – a measure of potential loss or underperformance over a given time period
with a given confidence interval; and
• Expected shortfall (Tail VaR) – the expectation of losses greater than a certain level. If the
specified level is a percentile point on the distribution, it is called the “Conditional Tail Expectation”
(CTE) method.
41
actuaries.asn.au/microsites/climate-index/about and actuariesclimateindex.org/home
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•

•

prevention or loss-minimization possibilities can be valuable no matter who or what the
stakeholder is; setting appropriate objectives and targets;
Finance the expected or actual cost of a risk in response to such questions as: “What are
my options?”; “Can I afford insurance and can I afford not to have it?”; “How good is my
government or charitable relief system if I am not able to finance it myself?”; and “Do I want
to, or can I, bear the consequential non-financial risks?”; and
Regularly monitor to identify new risks and risk appetite, and report on the effectiveness of
measures in place and actual costs.

The primary lines of defence against the adverse effects of climate change are the following:
1. Mitigation – mitigating the climate change process, such as by controlling the amount of
greenhouse gases emitted. An analysis of this line of defence is generally outside the scope
of this paper;
2. Loss prevention – avoiding the risk altogether, such as moving locations or building resilient
structures, where possible, is a preferred approach. Nevertheless, this approach may not be
practical in many cases;
3. Loss control – taking steps to reduce the expected damage. Adapt the environment or
behaviour to reduce the expected adverse effects of climate change; and
4. Disaster (or damage) risk management –financing the adaptation of the environment or the
adverse effects, especially on the vulnerable individuals, through such approaches as
insurance and risk management.
Although limitations inherent in private insurance programs exist (see section 5.5) that can reduce
their effectiveness, insurance prices and selection can in some cases provide motivation to prevent
or control climate change risks. Insurance benefits and other financing approaches can be used to
provide for the costs associated with the adverse effects of climate change. If all else fails,
elements of the applicable social safety net may be available.

4.2

Insurance: pooling and transferring risks

Insurance is a form of adaptive capacity, which enables an individual, business or government to
adapt to a change in changes in the environment. As founders of the first fire departments, building
codes and auto safety testing protocols, insurers have long been an integral part of society’s risk
management systems. They are an important part of society’s climate observing system,
integrators of the costs of weather-related hazards, and messengers of the implications through
their pricing and terms.42
Individuals and businesses purchase insurance to protect, through pooling of risks, against the
uncertainty regarding the occurrence and cost of hazards with adverse outcomes. Risks covered
by insurance cover a wide range of hazards, including loss or damage to a household member’s
life, physical and mental health, income and property, and to a business’s property, agricultural
assets (such as crops) or other resources.

42

Mills, E. (2005). “Insurance and a climate of change”. Science, August 12.
science.sciencemag.org/content/sci/309/5737/1040.full.pdf
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These risks are transferred to an insurer. Insurers (and reinsurers) take on risks in return for
premiums or other considerations because doing so can combine or pool many risks together. This
takes advantage of the law of large numbers, which implies that, in the aggregate, the greater
number of independent risks that are taken on, the more closely the actual results and results
expected to occur through the application of statistical or actuarial techniques will match. This in
turn results in greater certainty, lowering the volatility for the insurer. Insurers can take several
forms, including for-profit and not-for-profit entities, community groups and governments (the latter
being public-sector insurers).
A risk is insurable if:
•
•
•
•

The policyholder or beneficiary would suffer a loss or damages if the risk (insured event or
condition) occurs;
The risk can be defined and the financial effect is reasonably quantifiable;
The claim amount payable will be commensurate with the size of the financial loss; and
The loss is random in nature.

The following criteria are also desirable for a risk to be insurable:
•
•
•
•
•
•

Individual risks should be independent;
The probability of the event occurring should be relatively small;
Large numbers of similar risks are pooled to reduce variance;
There is a limit on the ultimate obligations undertaken;
Moral hazard should be eliminated as far as practical; and
There should be sufficient existing data/information to quantify the expected risks.

Insurance, whether or not it applies to climate change risk, follows the same overall process as risk
management does. The identification of the risk is the first step in initiating insurance coverage. A
potential insured can avoid the risk in the first place, thus eliminating the need for insurance. Safer
behaviour can reduce the likelihood of a loss (loss prevention) or extent of the risk’s adverse effects
(loss control), which can also in some cases reduce risk-related premiums for insurance. This can
provide an incentive to adapt to the potential event or condition that may reduce its adverse,
sometimes catastrophic, effects. If the consequences of the risk are not fully provided for (with
resulting gaps in protection), recovery may be needed or financial loss will result. If sufficiently
large, disaster risk techniques may be called for. If health is affected rehabilitation may be needed,
while if property is affected, either a move to another location or rebuilding (hopefully in a more
resilient manner) may result.

4.3

Public and private provision

Insurance can be provided through public- and private-sector means, or a combination of these
means. Although not exclusive to one or another, typical characteristics of these channels of
insurance provision include:
•

Public
o When deemed to be socially beneficial, one or more of the criteria for insurability given
in section 4.2 may not be required in a public program. In theory, public involvement
focuses on macro rather than micro problems and represents long-term approaches to
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o

o
o

•

addressing climate-related risks. However, such programs are prone to political
interference of various types.
It can take the form of either (1) mandated coverage, although not necessarily provided
directly by government; (2) compulsory insurance provided by the private sector, such
as motor and employers’ liability in many countries; or (3) recommended coverage, such
as professional indemnity that may be required to conduct certain services or
homeowners’ insurance that may be required to obtain a mortgage, but not if purchased
outright.
The private sector does not have capacity or willingness to provide it (e.g., terrorist or
flood insurance in certain countries).
In some cases, a government entity is the insured, rather than individuals or businesses.
The government entity is thus provided with enhanced resources to provide public
security and meet its needs when it may not have sufficient financial resources to
provide needed services, protection or guarantees to those within its area of
responsibility.

Private
o Not-for-profit (mutual insurance models/cooperatives, trusts, societies, unionsponsored, peer-to-peer) or for-profit;
o Microinsurance (also referred to as “inclusive insurance”), especially for low-income
individuals or small businesses;
o Use of mobile insurance technology and crowd-sourced data pooling; and
o Reinsurance provided locally, regionally or through large multi-national professional
reinsurers.

Public/private partnerships have also been used. In these, private-sector insurers work with
governments and world bodies to combine funding from several sources to provide insurance for
especially high-cost or risky insurance risks. In some cases, governments can provide insurance
(or reinsurance to private-sector insurers) in excess of a specified amount.
Although not insurance, governmental subsidies and taxes can also be used to incentivize (or
nudge) specific behaviours that public policymakers believe beneficial to society or to individuals;
for example, by a carbon or sugar tax. Subsidies can also be used to make provision affordable to
those who could not otherwise be able to purchase their own provision through the private sector;
for example, solar cell power or an insurance premium discount.
When conventional insurance cannot work, governments could gain by providing guarantees or
subsidies that extend the scope of affordable insurance through a private/public partnership. By
guaranteeing insurers for risks beyond the insurable level, more people would be covered and pay
a premium that, even if insufficient, reduces the public burden of the damages. It will in addition
help reduce adverse selection by increasing participation and building the insurance infrastructure
that can be used to settle damages more efficiently than is often the case through disaster recovery
means. Making people pay a premium tends to make them more responsible for their own destiny,
and can be used as an incentive to share in adaptation initiatives that will proactively reduce net
damages. It likely also reduces the moral hazard that unlimited access to the public purse can
result in. Providing a guarantee does not modify the timing of the cash flows. However, a guarantee
would allow actuaries to figure out affordable premiums while ensuring sustainability at a lower
public cost. Examples of situations in which discounts or guarantees are provided are in
agricultural and flood insurance.
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4.4

Underwriting and claims management

At the heart of a successful insurance program is the selection and risk-rating of insureds to be
included in the pool of insurance exposures covered by the insurer (underwriting). Underwriting is
used to manage risk in several ways; for example, protection against adverse selection (see section
4.5) and identification of applicants that are expected to incur a greater cost than the rest of the
pool of risks, who may either be declined coverage or offered the coverage at an elevated premium.
Participation level can be a significant factor in ensuring success in an insurance program.
However, together with the marketing of the insurance product, the underwriting of risks can be
expensive and profit margin may be low if participation is voluntary and the potential insureds have
to be convinced to purchase insurance. If participation is too low, only those with higher costs will
tend to purchase the insurance, thus leading to affordability problems for the insured and adverse
selection for the insurer.
A key part of the selection process is a determination of the extent to which the insurance
applicants who are considered in the pricing pool exhibit similar characteristics. The price is set
according to the expected cost of the pool of insureds, based on the policy provisions.
If a loss occurs, the insurer follows a claims management process to derive a fair settlement
according to the policy terms.

4.5 Moral hazard and adverse selection
Two factors that can interfere with an effective insurance system are moral hazard and adverse
selection. Both can be examples of market failure, resulting from asymmetric information between
insureds and their insurer. Avoidance of these factors will help enable an insurance or public
program to be sustainable over a long-term time horizon.
Moral hazard is the tendency of an insured to behave unfairly in a manner consistent with his/her
self-interest; for example, by knowingly taking on greater risks after the contract is entered into
than would reasonably be anticipated by the insurer. Methods that can be used by the insurer or
program sponsor to reduce its effects include:
•
•
•

•
•

Mandatory participation;
Using a mutual/community model in which participants ultimately share in the aggregate
experience of the program that incentivizes members to encourage only legitimate claims
while reducing illegitimate claims, including fraud;
Encouraging participants to act responsibly to implement loss reduction/adaptation
techniques through educational activities and incentives for good behaviour, such as
conformance with building standards and healthy activities that can reduce their
vulnerability;
Using deductibles or coinsurance to make the insured share in any losses; and
Timely monitoring of claim experience.

Adverse selection (referred to in insurance as “anti-selection”) arises when the insured hides
relevant facts from or provides misinformation or asymmetric information to convince the insurer
to provide coverage at a lower premium than the insured’s risk characteristics would warrant.
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Methods that can be used by the insurer or program sponsor to reduce the effects of adverse
selection include:
•
•
•
•
•
•

4.6

Mandatory participation;
Effective risk selection, underwriting guidelines/tools and actuarially calculated risk
premiums that match expected experience with the underlying loss potential for the
insurance exposures;
Making accurate provision of relevant information mandatory, with penalties imposed for
non-compliance;
Establishing a spread of risk by location, size and line of business;
Use of underwriting tools such as health checks, credit scores or building inspection reports
to reduce information asymmetry; and
Transparent and non-complex coverage that encourages cooperation of the involved
parties.

Reinsurance: a risk management tool for insurers

In cases where an insurer is not able or willing to take on the risks associated with a portfolio or
part of a portfolio of insurance contracts, a key risk management tool is reinsurance. The benefits
of reinsurance include:
•
•
•
•
•
•

A reduction in claims volatility, resulting in smoother profits by year, reduced capital
requirements, and increased capacity to write more business and increase diversification;
A limit on the impact of large losses arising from a single claim on a single risk or a single
event, cumulative events, and geographic and portfolio concentrations of risk;
Reduced risk of insolvency;
Increased capacity to write larger risks;
Access to the expertise of the reinsurer; and
Regional and particularly global reinsurers research the impact of changes in natural events,
so are a repository of knowledge about vulnerability of insurers to climate and other
environmental risks.

As a result, global reinsurance facilities can turn what otherwise be uninsurable risks insurable. The
two main types of reinsurance are proportional and non-proportional coverage. Under proportional
reinsurance, the reinsurer covers an agreed-upon proportion of each risk.43 Under non-proportional
or excess-of-loss (“XoL”) reinsurance, the reinsurer agrees to reimburse the ceding company for
the amount of any loss above a stated excess point.44

43

The proportion may be constant for all risks covered (quota-share) or may differ by risk (surplus
reinsurance).
44
Common forms of non-proportional reinsurance include:
• Risk XoL – covers an individual risk;
• Aggregate XoL – covers the aggregate of losses above a specified amount and subject to an upper
limit, sustained from a defined hazard(s) over a defined period;
• Catastrophe XoL – pays out if a “catastrophe” as defined in the reinsurance contract occurs (there
is no standard definition of what constitutes a catastrophe); and
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4.7

Chapter summary

Risk management is a process through which risks of a person, business or government can be
managed. Insurance is an important approach that can be used as part of the financing of a
comprehensive risk management process. To do so successfully, especially in the case of climate
change risks, other steps are also commonly needed, such as underwriting the pool of risks to be
covered and loss mitigation and adaptation activities (e.g., loss control incentives). For sustainable
private-sector (and most public-sector) programs over the long term, moral hazard and adverse
selection need to be controlled. Actuaries are crucial players in this process, who can use accurate
and relevant data to enable a fair selection of risks and prices consistent with the expected costs.

•

Stop loss – a form of aggregate XoL that provides cover based on total claims from all hazards
covering the insurer’s entire account with the reinsurer.
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Chapter 5: Useful Insurance Approaches
Insurance, key elements of which were described in Chapter 4, can be a useful part of a
comprehensive risk management process to address the financing of damages that climate
change risks. This chapter addresses the types of insurance that can be used to address these
risks, although it is recognized that, due to the characteristics of those who are vulnerable,
insurance cannot solve all risk-related issues and protection gaps will remain. The advantages and
limitations of insurance approaches are given, along with examples of two particular insurance
formulations that can be used to overcome or minimize the effect of its limitations, that is,
microinsurance and macro risk-pooling arrangements.

5.1

Climate change risks

As indicated in Chapter 2, climate change has increased, and is expected to continue to increase,
the frequency, severity and variability of natural hazards. It can also decrease the value of historical
information as a predictor of future experience, especially with respect to relatively infrequent
events. The magnitude of uncertainty with respect to timing and resulting damages in a specific
area makes it very difficult to quantify with any reasonable confidence the required adjustments to
risk pricing.
In addition, much of the research conducted with respect to climate change and its expected
effects is based primarily on the developed world. The research conducted on climate change
damages on vulnerable populations has been relatively limited, especially in the lesser-developed
world. In addition, vulnerable populations tend to have simple and limited insurance products
available to them, although that has been gradually changing with the increasing popularity of
microinsurance.
Even without considering climate change, the modelling of risks affecting those who are most
vulnerable can be difficult. Underlying issues include complex socio-economic challenges,
inadequate data and weak distribution techniques. There is seldom explicit inclusion of the
additional impact of climate change to any insurance solutions currently available to vulnerable
populations.
The WHO has concluded that:
the strong effect of socioeconomic development on the projections of future risks
emphasises the need to ensure that economic growth, climate policies and health
programmes particularly benefit the poorest and most vulnerable populations.45
In other words, socio-economic development may produce the greatest reduction in future
vulnerability to the impacts of climate change. Insurance is a tool that can be used to encourage
and sustain that development. For example, temporary crop or health insurance can prevent a
farmer having a complete loss of income-earning capacity.

45

WHO (2014). “Quantitative Risk Assessment of the Effects of Climate Change on Selected Causes of
Death, 2030s and 2050s”. www.who.int/globalchange/publications/quantitative-risk-assessment/en/
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At least conceptually, the types of losses or damages that result from climate change are not that
dissimilar to those from other natural disasters. As such, the advantages and disadvantages of
using insurance and other approaches for non-climate change disasters are also similar. However,
they can have different drivers and characteristics, as described in Chapter 2. As indicated in
Chapter 4, protection against losses can be provided through insurance that covers hazards such
as property damage or loss, business and agricultural loss, death, physical and mental illness, and
disability.

5.2

Characteristics of vulnerable populations relevant to insurance

Those who are vulnerable to the effects of climate change tend to have characteristics that create
challenges for traditional insurance solutions. These can include:
•
•
•
•
•
•
•
•
•

Low and volatile disposable income;
Low levels of education or literacy;
Certain cultural and religious attitudes;
Lack of awareness and desire to participate in insurance or other risk-sharing mechanisms,
resulting in a low level of trust;
Exposure to natural hazards like floods and tropical cyclones, and other hazards including
famine, war and pandemics, although these are not necessarily totally driven by climate
change;
Living in communities with weak physical health care and social infrastructures;
Limited access to traditional insurance and other financial services;
Need for small sums insured and low premiums; and
A need for low administrative expenses that would facilitate affordable premiums.

In addition, in geographical areas in which many of those who are vulnerable live, there tends to be
a relatively weak insurance industry infrastructure and lack of scale, with resultant relatively costly
methods of product distribution. This is accompanied by insufficient or poor-quality data, which
could be the result of inadequate information systems, that could be used by insurance companies
and actuaries relating to the population and its vulnerabilities. Thus, traditional insurance (for
developed countries) has not been successful in meeting those who are at greater risk at an
affordable price.
In spite of these challenges, many innovative approaches have emerged. For example, mobile
phone banking in East Africa has given rural communities access to financial services, including
insurance, without significant investment in land-based telephone infrastructure. Another example
is Kilimo Salama (indicated in section 5.6), which offers a microinsurance product, partnering with
a seed company to provide agricultural insurance through phones and mobile money. Nevertheless,
mobile insurance remains risky, requiring strong coordination between insurers and their
regulators.
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There remain tremendous gaps in insurance coverage. For example, according to Swiss Re, in 2018
natural catastrophes of all types caused US$155 billion of economic losses, while only US$76
billion was covered by insurance46. A large part of the difference was provided by humanitarian aid.
Insurers targeting vulnerable populations recognize the potentially large future markets. However,
they also understand that insurance for these population segments usually has to be tailored to the
needs of the market and integrated into wider solutions designed to develop greater resilience.

5.3

Approaches that can be taken

In many cases, traditional insurance programs and products, covering losses or damages to
property and human health/life, can meet the needs resulting from the climate risks described in
Chapter 2. Nevertheless, innovation and creativity are important tools that need to be employed
when considering how best to tailor insurance programs and products for vulnerable populations.
Maximum use of technology is usually needed to overcome the challenges and costs involved.
Some of the more common approaches are:
1. Microinsurance (sometimes referred to as “inclusive insurance”)47
According to the Microinsurance Network:
The term ‘microinsurance’ typically refers to insurance services offered primarily to clients
with low incomes and limited access to mainstream insurance services and other means
of effectively coping with risk. … The principal distinction from traditional insurance is in the
targeting of low-income people, which leads to distinct characteristics and objectives,
including addressing the particular risks of low-income people, affordability and inclusivity,
simplicity and clarity in documentation, accessible processes, and building trust among
target clients.48
Microinsurance is thus designed to protect against the adverse financial effects of a wide range of
hazards for vulnerable populations, with covered risks similar to those of traditional insurance. For
example, protection against disability or death could also cover repayments for outstanding
microfinance debts. Many innovative methods have been developed to meet their needs,
including losses arising from climate change. Several examples are included in the case studies in
section 5.6.
Having said that, microinsurance has difficulty in dealing directly with the longer-term effects of
climate change. Nevertheless, it can complement the required structural adjustments and
adaptations that are necessary to reduce vulnerability over the long term. However, sustainability

46

Swiss Re Institute, “Sigma, Natural catastrophes and man-made disasters in 2018: ‘secondary’ perils on
the frontline”. No 2 / 2019.
47
See the IAA’s “Assessing Risk and Proportionate Actuarial Services in Inclusive Insurance Markets: An
Educational Paper and Toolkit – November 2018”.
www.actuaries.org/iaa/IAA/Publications/Papers/IAA/Publications/Papers.aspx
48
Microinsurance Network (n.d.). “Microinsurance and Risk”. microinsurancenetwork.org/microinsuranceand-risk
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and committed insurance infrastructure can develop a framework from which long-term
commitments can be developed.
Some aspects of climate change may be insurable, while many may not be in the long run.
Investing into unsustainable microinsurance projects will do more harm than good to the
customers, the insurer and the sector as a whole. When assisting low-income populations
faced with a changing climate, the primary focus should be on adaptation, with
microinsurance as a complement. Insurance should support and protect investments, and
could encourage adaptation. Securing investments into adaptive measures with insurance
offers plenty of room for innovative products that deliver long-term benefits.49
In order to provide more affordable products, microinsurance usually relies heavily on simplicity,
innovative products and distribution methods, and leveraged technology. Affordability,
acceptability, trust and sustainability remain significant issues.
2. Macro risk-pooling arrangements (government and state level)
Lesser-developed countries are often at the same time the most exposed to the impact of climate
change, while having the least capacity to manage or transfer this risk, either internally or externally.
In addition, catastrophe risks are often too large to be absorbed by countries with a small or lesserdeveloped economy. The use of a macro risk-pooling arrangement is particularly valuable in areas
where individuals are uninsurable; that is, where the risks involved are too great for the private
sector to provide for on an affordable basis.
A public-sector insurance solution that has been implemented in some areas is the creation of
supranational risk pools, such as the Caribbean Catastrophe Risk Insurance Facility and the African
Risk Capacity (about which further information is provided in section 5.6). These risk-pooling
arrangements are often supported financially by multilateral donors (international donor
organizations such as the World Bank) as part of national development initiatives.
3. Community sharing (cooperatives)
Cooperatives and community groups have often been used as mechanisms to share risks between
their members. They can protect individuals from significant fluctuations from expected average
costs. However, the capacity to absorb losses is limited to the resources of the community, which
may be a problem if the hazard affects a large part of the community. This form of risk sharing is
often largely unregulated.
4. Index insurance
Index insurance, also called “parametric insurance”, pays claims based on a specified index such
as rainfall or temperature exceeding a threshold. For example, if there is no rain for a given number
of days in a region, payments are triggered. Unlike traditional insurance, there is no need to
demonstrate actual losses by the covered individual or business. This reduces administrative
costs, as well as moral hazard. Payouts are also able to be made more quickly, such as in the early
stages of a drought, and can be dependably predicted; for example, if money is provided quickly,
people tend to stay put, while a delay results in people leaving their land and selling their property
49

Steinmann, R. (2012). “Climate Change: A Microinsurance Perspective”. Microinsurance Network.
www.microinsurancenetwork.org/sites/default/files/MIN_Discussion_paper_Climate_change.pdf
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quickly, with resulting losses. Weather-based index insurance is commonly used in microinsurance
and macro risk-pooling arrangements.
However, the possibility that an individual’s losses are uncorrelated with the index creates “basis
risk”. It is possible for a specific farmer to suffer losses even though the index threshold has not
been breached. Basis risk is one of the most significant challenges for many index insurance
schemes, for it can never be completely eliminated. For example, according to Action Aid, a nongovernmental organization (NGO), Malawi paid US$5 million for a policy from the African Risk
Capacity (the ARC – see section 5.6) to cover drought risk. But in 2016, when rains failed the ARC
only paid US$8 million when the total cost of the drought was about $395 million. The NGO claimed
that the shortfall arose largely because the type of maize seeds used were not the same as that
envisaged by the policy.50

5.4

Advantages of insurance

In addition to the relief from the immediate adverse consequences of climate change to vulnerable
individuals and businesses, there are several advantages in using insurance in financing losses and
damages due to climate change, including those described in this section. The fall-back position is
often humanitarian aid – while quite valuable, its delivery can be unpredictable and delayed, with
the result that damage can become worse and more expensive to overcome.
1. Continued economic development
The primary benefit of insurance in this context is to compensate individuals, families, businesses
and communities that have suffered a loss that would otherwise deplete or seriously impair their
limited accumulated assets.
Insurance frees up money otherwise kept aside, which can be invested to generate income
both in the short term (buying seeds or farm equipment) or long term (investing in a child’s
education). Insurance also encourages investment in loss prevention, such as irrigation
systems, as well as enabling farmers to secure the loans required to invest in such systems.
After a damaging event occurs, rather than selling assets such as livestock or taking a child
out of school to work, the policy holder can rely on a payment from their insurance policy.51
Insurance coverage has been shown to enable individuals, businesses and communities to recover
more quickly after an extreme event, infrastructures to be rebuilt, and people to carry on with their
lives and business. It prevents vulnerable populations from having to finance recovery by selling
limited accumulated assets, putting them even further behind in their economic or life-cycle
advancement. Having insurance in place allows vulnerable populations to continue to develop and
advance themselves economically, and enhances their quality of life.

50

According to Oliver Ralph and John Aglionby, “The push for faster aid to developing countries”. Financial
Times. August 15, 2017. www.ft.com/content/cdd65f6e-7dc7-11e7-9108-edda0bcbc928
51
Advocates for International Development (n.d.). “Micro-insurance & Climate Change”.
www.a4id.org/policy/micro-insurance-climate-change/
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2. Risk-related premiums and effect on behaviour
In actuarial theory, insurance premiums should be charged based on the expected cost of the risks
covered. Groups with higher risks would as a result have incentives to act to reduce their risk,
therefore reducing their premiums.
For example, farmers in India who implement water and soil conservation measures pay lower
premiums to the national Weather-Based Crop Insurance Scheme. Those who live in a flood plain
are charged a higher amount for property insurance, thereby reducing the incentive to build homes
more likely to experience floods.
With financial protection for their crops through insurance, farmers tend to be more willing to take
risky innovative agricultural approaches, thus generally producing greater output.
However, the most vulnerable may lack the economic or other capacity to change their risk profiles.
As a result, they may not be able to respond to the price-signalling that risk-based premiums
provide. Similarly, the poorest members of society often have the greatest risk exposure.
Maintaining the balance between affordability and other social or developmental objectives
represents a significant challenge. Hence, providing insurance at affordable premiums may lead to
significant protection gaps.
This represents a case for mutualization of risk over a broader risk pool; that is, having less regard
to detailed risk characteristics in order to provide a more social type of insurance. This may
therefore require an element of government subsidy to work in some circumstances. Many public
programs consequently require subsidies to be viable – a significant issue arises regarding the
willingness of a society to pay for these subsidies.
In the context of reducing vulnerability to climate change, insurance (or other risk-sharing
approaches) should ideally support behaviour that leads to long-term adaptation and resilience.
For example, countries that participate in the African Risk Capacity (see section 5.6) must prepare
a contingency plan showing how they will respond to a drought-related crisis.
3. Risk transferal to spread risks
At a minimum, risk sharing between members of a group will protect against random deviations
from the average expected cost. For larger risks systemic to a particular group, it may still be
possible to share that risk at a national or international level.

5.5

Disadvantages and limitations of insurance

As indicated in section 5.3, private- and public-sector insurance may help reduce vulnerability to
climate change risks, regarding both their financial and stress-related aspects. However, there can
also be significant limitations to the effectiveness of insurance in this context, especially related to
vulnerable populations.
Currently, insurance market penetration in many areas in which those who are most vulnerable
reside is limited. This may either indicate a current inability or unwillingness of insurance
companies to market insurance at an affordable price in these areas or of the lack of acceptance
of or resources to purchase insurance products.
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Although recognition of the need for protection from climate change risks can create a marketing
opportunity for insurers, it also may be difficult to penetrate because of affordability concerns (it
would surely increase insurance rates further) and lack of efficient insurance infrastructure. The
areas of prime opportunity for the insurance industry and for actuarial analysis may be where
market penetration is more substantial.
In any case, not only will it be difficult to actuarially model the many hazards that at present remain
as yet unmodelled, but the added effects and consequential damages of climatic conditions that
have not yet occurred will add to this difficulty.
Fundamentally, insurance and risk-sharing mechanisms work best for risks and exposures that are
well defined, similar and independent and that occur with relatively low frequency. Risks arising
from climate change often do not meet these criteria. For example, progressively worsening
fluctuations in weather patterns can simultaneously affect all farmers in an area or even in an entire
country. The resulting crop losses, for example, are not independent and may have an aggregate
cost that is quite large relative to the aggregate incomes of all these farmers. To help resolve this
dilemma, risk sharing could include other areas or even other types of businesses that would not
be affected by weather patterns.
Volatility and uncertainty can be reduced if reinsurance across countries or government guarantees
is utilized. Unfortunately, in some cases regulators in developing/emerging countries have adopted
a protectionist approach for reinsurance, not allowing insurers to reinsure outside the country or
the region. Vulnerability to long-term and slowly developing increases in systemic hazards such as
a rise in sea level cannot easily be dealt with by private-sector insurance alone.
At best, insurance can mitigate short-term hazards and over the medium-term hazards such as
premature death that are covered by life insurance. Nevertheless, insurance can provide the
incentive to facilitate adaptation to reduce vulnerability over the longer term. For example, although
subsidized crop insurance to farmers working or living in a flood plain may be undertaken for social
or political reasons, it can simultaneously increase climate-caused damages. In this case, other
action will have to be taken to reduce vulnerability to the likelihood of flood damage increases.
Some of the primary concerns with insurance protection against climate change risks (shared to
some extent with such protection against other risks) include:
1. Affordability and cost – the affordability and opportunity cost of expenditures on insurance
premiums, as for most people the assessment of risk is not informed by statistical analysis
and there are limited assessments of risk in comparison with other needs;
2. Participation – inadequate participation (take-up rates) concerns regarding coverage,
premiums and claim payments – that is, concerns about adverse selection where only the
most exposed to the risk (those with the highest expected cost) sign up for coverage, thus
increasing average costs;
3. Attitudes toward insurance – negative attitudes toward insurance due to its complexity, and
a lack of understanding/education relating to it, how it works and its value, due to the feeling
that if one does not have a claim, your money has simply been thrown away;
4. High cost – the relative high cost of delivering many insurance products, especially to an
individual who is vulnerable to the risks;
5. Complexity – the complexity of the wording of many insurance contracts and claim
payment mechanisms;
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6. Moral hazard – moral hazard that can jeopardize the sustainability of the insurance
company for highly concentrated climate-related risks;
7. Information and data – a lack of adequate quality information and data regarding climate
change risks that can affect particular areas, which contributes to the difficulty of
developing premiums that are affordable, fair and sustainable;
8. Coverage period – the time horizon of climate change risks relative to the period over which
insurance coverage is available on a guaranteed basis. For property and casualty coverages
in particular, insurance contracts are typically offered for what is often a one-year period,
with non-guaranteed renewals after that. In contrast, many climate-related risks emerge
over a much longer time period;
9. Period of risk – the time horizon of climate change risks relative to the period over which
vulnerable populations typically manage their personal risks (i.e., a long time horizon for
certain climate change risks such as sea level rise or desertification, relative to the veryshort-term (possibly weekly or monthly) perspective for financial management of many of
those who are vulnerable to these risks);
10. Uninsurability – for certain climate risks, the exposures may not be insurable. This is
particularly applicable in cases of slow-onset risks, such as sea level rise and desertification
where an entire population might be affected that does not enable the law of large numbers
to be effectively applied; and
11. Public goods – many of the vulnerabilities of societies to climate change will result from
the exposure of public goods and communal resources rather than that of personal property
to the direct, indirect and systemic effects of climate change. For example, it may be less
practical and convenient for the market to contract to insure roads and other elements of
infrastructure when the owners of these public goods are not individual households and
businesses but tiers of local government, state ministries or sovereign states; yet it may be
the failure of such public goods that will be one of the most pressing problems in scenarios
of disruptive climate change.
Potential solutions to some of these problems are:
1. Technology of insurance – technology that overcomes the complexity of policy issuance
and claim payment – this may be partially resolved by means of certain microinsurance or
mobile phone policies;
2. Technology efficiencies – technology that allows products to be written at the individual
level without the high costs and basis risk associated with traditional insurance products;
3. Education – effective delivery of enhanced education/information in a simple, focused and
straightforward manner concerning the value of insurance and any contract exclusions;
4. Financial planning – establishment of the need for more long-term financial and resilient
resource planning where affordable risk-transfer solutions are available;
5. Insurance products – products tailored to meet the needs of the vulnerable, possibly by
lengthening the period of coverage of insurance policies to more than one year at a time,
bundling multiple insurance coverages (as well as possibly others such as micro-credit and
savings) to include those related to climate-related risks, which enables the insurer to
reduce its expense charges and diversify its risks, thus providing incentives to promote
resilience against climate-related risks;
6. Risk pooling – development of broad risk-sharing or risk-pooling arrangements (e.g.,
through a multi-community or even a multi-national program, a multi-risk product, an
international reinsurer or a national or multi-national government guarantee program) to
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provide insurance solutions for vulnerable populations on a parametric insurance basis at
a more macro level;
7. Recognizing that insurance is not the only solution – ensuring that insurance is the most
appropriate approach, rather than, say, enhanced social protection or investment in
adaptation activities – indeed, although principles underlying insurance are sound and
relevant, it cannot solve all climate risk problems; in which case, alternative risk
management approaches may be more appropriate, either in place of or as a supplement
to insurance, such as adaptation or macro-level risk pooling, and can serve as a useful
supplement;
8. Inherent incentives – incentivize risk reduction and preparedness by building-in resilience
and adaptation activities;
9. Personal involvement – promotion of inclusive and meaningful participation of all relevant
stakeholders, including the vulnerable themselves, in part by making relevant data freely
available to support disaster risk reduction and management to enable risk-informed
decisions by communities and governments;
10. Regulation – effective and efficient regulatory environments and relevant information/data
to allow the design and implementation of suitable risk-transfer mechanisms to meet the
needs of those who are vulnerable in economies, to facilitate the mitigation of some of
these risks and to ensure that service providers act responsibly. Trust is important to build
acceptance of private-sector solutions; and
11. Regulatory testing – anticipating “effective and efficient regulatory environments”, sandbox
regulatory environments may be needed to test and understand innovative products, as a
strong regulatory structure is needed to enable appropriate products, ethical and
sustainable insurance management and distribution.
In some less-developed countries, a robust private-sector insurance industry has not developed.
As a result, either the public sector must take on the risks discussed in this paper or private
insurance capacity has to be developed. In some cases, this may be provided through multinational or regional carriers. In others, through the use of current technology (e.g., mobile
telephony) an industry can be slowly developed, recognizing local conditions and needs. In either
case, trust in the capability of the insurance mechanism must develop to enable the capacity
needed to emerge and develop.
A team of potential stakeholders, including providers, potential insurers, representatives of the
vulnerable population, distributors, regulators, government representatives and actuarial
professionals, should be formed/consulted to organize an appropriate means to enable the needs
and risks to be properly met. In the longer term, although it may not involve traditional insurance,
this process could also enable central and local governments to issue catastrophe bonds
themselves, which would afford them fiscal space to respond in the event of climate extremes and
disasters, although not necessarily their later indirect and systemic effects.
So far in this paper it has been assumed that the insurance industry will itself be resilient to climate
change over the period coverage provided, even where vulnerable populations prove difficult or
impossible to insure. In fact, climate change could itself bring unexpected discontinuities to both
the distribution of insured events around the world and the economies in developed countries from
which the insurance industry draws most of its capital and in which it primarily invests its
resources. A decrease in economic growth due to adverse climate change impacts could increase
sovereign and other credit risks and risk premiums and erode asset values.
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Accordingly, constraints to insurance cover for vulnerable populations could arise from insurers’
investments. In the long run, the stability of asset returns in a world where supply chains, centres
of production, and consumption are disrupted by climate change is not assured. Capital
requirements could increase beyond levels attractive to investors, leading to increases in
premiums. This reduced affordability could lead to decreases in market penetration, even in
established markets. By expanding the potential severity of unmodelled risks and sustainability
concerns this could, in the extreme, adversely affect the global economy. The consequential
uncertainties could therefore encourage insurers to limit rather than extend coverage.

5.6

Examples of insurance that can cover climate change risks

Several examples of the two major methods of insurance and risk transfer follow.
Microinsurance
•

Blue Marble Microinsurance
o A consortium of insurers/reinsurers/brokers;
o Objective is “to provide socially impactful, commercially viable insurance protection
to the underserved”;
o Pilot programs are currently in Africa (Zimbabwe), Latin America (Peru and
Colombia) and Asia (India); and
o Offers various products using customized indices, providing cover in relation to the
changing nature of the hazards identified that result from a changing climate (e.g.,
drought and excess rainfall).

•

Horn of Africa Risk Transfer for Adaptation (HARITA):
o Partners include Oxfam, Swiss Re, Niyala Insurance Company, Relief Society of
Tigray and the International Research Institute for Climate and Society;
o Provides weather index insurance coverage for a rural area, with an emphasis on
risk management for Ethiopia;
o Developed with knowledge that climate change is likely to impact this region of
Africa; and
o Uses a premium-for-work model, where payments for insurance are made through
the provision of additional labour on community-based disaster risk-reduction
activities.

•

R4 Rural Resilience Initiative:
o A UN World Food program, working with Oxfam;
o A follow-on from HARITA;
o Coverage is provided in Senegal, Ethiopia, Malawi and Zambia; and
o Aims to give the lowest-income farmers strengthened security through (1) improved
resource management (risk reduction), such as planting trees; (2) insurance (risk
transfer); (3) micro-credit (prudent risk-taking); and (4) savings (risk reserves).

•

Kilimo Salama
o Partners include Syngenta, UAP Insurance and Safaricom;
o Provides drought and excess rain cover in providing agricultural insurance;
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o
o

Coverage provided in Kenya; and
Utilizes a mobile phone registry and payment system.

•

Kenya Livestock Insurance Programme
o Helps farmers deal with climate change, emphasizing prevention rather than
replacement;
o The government pays for up to five cows in arid regions;
o When drought occurs, payouts provide food and other necessities to keep the
animals alive rather than compensating the farmers for dead cows; and
o Provided by the Kenyan government.

•

Micro Insurance Academy
o Objective is to “provide direct support to grassroots organizations and communities
to implement pro-poor insurance schemes”;
o Provides not-for-profit consulting support and education regarding communitybased microinsurance; and
o Operates in countries such as India, but also elsewhere in Asia and Africa.

Macro risk-pooling arrangements
Macro risk-pooling can help to save millions of lives in the world’s poorest countries by providing
more predictable and speedier resolution of losses when the worst happens. This form of
insurance, typically organized at the national or regional level, provides needed emergency
financing without cutting into national budgets. It often takes the form of providing insurance to a
national entity, such a state government, rather than paying benefits directly to the individuals
affected.
At a conference in London in July 2017, Michael Bennett, head of derivatives and structured finance
at the World Bank, indicated that “between 2007 and 2017 there was US$1.5 billion of risk transfer
[by the bank]. But there had been US$1 billion of transactions in two months in the middle of
2017”52. At the meeting, “Supporters say that using insurance to respond to natural disasters can
help to save millions of lives in the world’s poorest countries, by putting in place a quicker and more
predictable source of funds when the worst happens.”53 It is relatively rare that donors pay these
premiums, as they often are more responsive to a disaster for which it is easier to allocate funds.
Political risk can arise, due to the short time horizons of some politicians, with many competing
spending needs and a limited ability to mobilize other resources when internal resources are
scarce. There also remains some suspicion of the private sector.
The following are several examples of successful application of macro risk-pooling:
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Today (2017). “The push for faster foreign aid to developing countries”. 18 August.
www.todayonline.com/world/africa/push-faster-foreign-aid-developing-countries
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Ibid.
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•

A scaling up of the InsuResilience Global Partnership for Climate and Disaster Risk Finance
and Insurance Solutions, which was started by the G7 in 2015 and expanded, largely due to
the 2017 Atlantic hurricane season that produced devastation across several countries with
large vulnerable populations.
o Objective is “to enable more timely and reliable post-disaster response and to better
prepare for climate and disaster risk through the use of climate and disaster risk
finance and insurance solutions”;
o Fosters communication and cooperation among all the relevant actors of the
Partnership, facilitates knowledge management and ensures progress and target
achievement;
o Launched at the 2017 UN Climate conference in Bonn;
o Driven by Germany, Japan and the United Kingdom;
o Global in scope; and
o Uses risk financing tools and education, enabling governments to react quickly and
effectively according to predetermined criteria in the event of a disaster.

•

African Risk Capacity
o Objective is “to assist AU [African Union] Member States to reduce the risk of loss
and damage caused by extreme weather events and natural disasters affecting
Africa’s populations by providing targeted responses to disasters in a more timely,
cost-effective, objective and transparent manner”; otherwise, “by the time the
response arrives, much of the damage has already been done”;
o It is comprised of two entities: the African Risk Capacity Agency and the ARC
Insurance Company, providing both risk management and insurance services;
o Provides risk transfer as an African risk-pooling mutual insurance mechanism,
designed to access private capital; and
o Makes various coverages available, such as for droughts, floods and cyclones,
which can be customized based on national needs.

•

Caribbean Catastrophe Risk Insurance Fund (CCRIF)
o Parametric risk-transfer and risk-pooling mechanism: when windspeeds and rainfall
levels get above a certain level, it provides a payment to the applicable government,
which then uses the funds to help those in need;
o Covers wind and flood hazards for countries in the Caribbean; and
o In 2017 it paid US$23 million to Haiti, which had been hit by Hurricane Matthew, with
other islands collecting lesser amounts.

•

Pacific Catastrophe Risk Insurance Company
o Similar to the CCRIF, providing a parametric insurance facility for Pacific Island
nations; and
o Offers various products related to natural disasters, including wind-related hazards,
cyclones, earthquakes, floods and droughts.
Pandemic Emergency Financing Facility
o Provides funding to African countries in the event of a pandemic outbreak;
o A US$322 million pandemic insurance bond was sold for which the government
would receive money in the early stages of an outbreak when it can be contained. If,
for example, it had covered the 2014 Ebola outbreak when it was first discovered in

•
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o

5.7

Guinea, the epidemic may have cost US$5 million, while eight months later it would
have cost US$1 billion; early intervention would have saved thousands of lives; and
Payment triggers relate to a disease and number of deaths, as measured by the
WHO.

Chapter summary

Private- and public-sector insurance arrangements can assist vulnerable populations around the
world. They can provide a wide range of effective insurance protection against climate-related
losses and damages. Two primary approaches are microinsurance and macro-level risk-transfer
schemes, with examples of each given in this chapter. Each is evolving and is likely to further
evolve. Due to some of the characteristics of both those who may be most vulnerable and certain
private-sector arrangements, even a wider reach for both of them may not be fully successful in
overcoming all of their limitations. However, even though several methods can be applied to
address some of their disadvantages, a substantial protection gap against losses remains in many
areas attributable, at least in part, to climate change. Nevertheless, increasing insurance and risktransfer protection may help overcome some of this gap.
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Chapter 6: Other Approaches
Although insurance and insurance-related solutions can be useful to finance the adverse damages
caused by climate change risks in many instances as described in Chapter 5, they are unlikely to
be the only means of addressing climate-related risks to those who are vulnerable. Gaps in
insurance protection will remain. In addition, it is more important to eliminate or reduce the impact
of the adverse effects of climate change. As a result, other risk management approaches will be
needed to address these risks. They include adaptation, alternative risk-transfer techniques and
other approaches, which are described in this chapter.

6.1

Adaptation

A wide variety of actions can be taken to avoid or reduce the potential loss or damage of the
hazards brought on or exacerbated by climate change. One or hopefully multiple approaches
should be part of an adaptation strategy that focus on enhancing adaptive capacity. Of course, their
effectiveness in dealing with climate change risks presume that mitigation of climate change is not
totally effective. The effective implementation of these adaptation approaches may also enable a
reduction in premium rates for insurance contracts. Some of these actions are:
o
o

o
o

o
o

o
o
o

Obtain or develop relevant data and information regarding relevant climate-related risks;
Develop a comprehensive strategy to address possible adaptation approaches. To be most
effective, such a strategy should involve all relevant levels of government, including local
and national levels, as well as private-sector stakeholders, with a particular focus on those
who are most vulnerable;
Get the community involved in risk prevention and control activities;
Provide effective education regarding climate change in a manner that the individual or
business owner can understand. The educational material should cover the risks involved
and possible approaches that can be used to prepare or respond to reduce damages,
including effective techniques that can be used to address the risks beforehand and after
the adverse event or condition emerges. A program for farmers in Kenya and Senegal
provided information regarding climate conditions and climate-specific agricultural
practices and technologies. It was delivered either by phone or on a face-to-face basis;
Promote preventative action, including enhanced and effective implementation/monitoring
of land use and construction/building standards;
Promote forced or voluntary emigration where appropriate. However, in extreme cases a
significant number of people can become refugees with many adverse consequences,
including financial/economic damage, overcrowding due to long-term “temporary” housing,
physical and mental health problems, and death;
Initiate and manage enhanced systems of health care, including adequate personnel and
specialists, clean water and other public infrastructure;
Enhance emergency and infrastructure preparedness planning (e.g., adequate levels of
medical supplies – such as emergency health, trauma and cholera kits – and staff),
Provide high-quality, clear and more timely weather information and early warning systems
for individuals, businesses and farmers, evacuation plans and contingency planning,
especially in anticipation of natural disasters;
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o

o
o

o
o

o

o

Promote increased investment in modified climate-resistant agricultural practice, such as
changes in planting dates and varieties of agricultural products, and strengthening of the
resilience and adaptive capacity of food systems;
Implement an effective, efficient and timely disaster-recovery management system;
Establish and dynamically manage enhanced general safety-net programs and contingency
back-up plans that can also be applied to those events and conditions that result from
climate risks;
Build, enhance and regularly monitor coastal protection barriers to protect land and cities
against rising sea levels;
To address excess heat conditions, promote techniques such as greater use of air
conditioners, cool rooftops and misting sprayers at public bus shelters, although these may
not be affordable in poor communities, workplaces or homes;
When rebuilding after a natural catastrophe, ensure the buildings that are replaced are
better positioned and structured to deal with potential future exposures to natural events;
and
Reduce the number of those who are vulnerable by growing their income and wealth, by
enhanced general education and re-skilling, including providing them with the ability to
move out of climate-risk areas and buildings.

In addition, greater economic growth and greater allocation of resources to those currently
vulnerable can reduce the number of those who are most vulnerable to adverse weather shocks
and climatic conditions. Overall adaptation planning and improved risk management is needed,
with especial focus on those who are most vulnerable. Both enhanced governance practices and
level of funding at all levels of government are required, relating to both advanced preparedness
for and reaction to climate-related risks. Effective management of these processes requires
effective measurement of adaptation process – in this case, with not only a focus on averages, but
also with respect to the range of those affected and how they are affected. Widespread
technological and infrastructural development of many kinds is needed to reduce resulting climaterelated losses and damages.

6.2

Alternative risk transfer

There are a variety of alternative risk-transfer approaches that can be used instead of traditional
reinsurance. They represent tailor-made solutions for risks that conventional reinsurance markets
might regard as uninsurable or do not have the capacity to absorb. Examples include:
o
o
o
o
o
o

Discounted covers;
Integrated risk covers;
Securitization – for example, catastrophe bonds;
Post-loss financing;
Insurance derivatives; and
Swaps.

These programs and financial instruments have developed as a reaction to the focus of most
systems of insurance on climate-related catastrophic losses; for example, costly and widespread
crop losses due to named perils such as hail. However, climate change can also destructively
impact vulnerable populations without the occurrence of large, widespread catastrophes (e.g.,
named storms or named perils, as is common in the United States and Europe).
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For example, a variation of a few degrees in temperature over several days can impact profits and
livelihood of farmers on a micro level. This problem has been addressed in developed markets; for
example, by means of weather futures and options for U.S. and European cities, where financial
instruments will pay out under specified and localized circumstances. A similar approach might be
adapted to help poorer populations in lesser-developed regions.
Traditionally, a barrier to the development of such solutions has been infrastructure costs; for
example, the means of closing out contracts, settling payments and dispute resolution (such as
legal and arbitration costs). Today’s technology has become a greater enabler in several ways.
First, it is easier and less expensive for vulnerable populations to reach a wide audience of
counterparties to whom to transfer risk. It is also easier for retail investors to access a wider range
of products, including ones that could be developed to support vulnerable populations. The
approach would be similar to that of catastrophe bonds, described briefly in section 6.6. In addition,
blockchain technologies (i.e., a distributed ledger), if deployed appropriately, could offer protection
against fraudulent actions by inhibiting or preventing fraud occurring online.
Parameters used to trigger financial outcomes and payments need to be agreed upon in advance,
enforceable in simple contractual terms and localized. An example is independently verifiable
temperature variations over a certain period of time in a specific location, such as a field. Any such
solution needs to be designed and tailored to provide vulnerable individuals with commensurate
compensation for their loss, while rewarding micro-investors for taking small bets that
temperatures (using the above example) remain within a “safe” range for the months leading up to
a harvest.
Such an arrangement may be open to abuse and corruption when payments are illicitly siphoned
from investors to recipients other than those intended. Alternatively, returns to investors may be
payable if a pre-defined type of event does not occur (a “right-way” risk), which may need to be
directly linked to the amount of income generated by vulnerable farmers. In addition, where
infrastructure needs to be financed, engagement with other stakeholders, such as nongovernmental actors, multinationals, foreign donors, charities and civic institutions, becomes
important.

6.3

Indirect incentives – carbon pricing and emission rights trading

Although mitigation54 is not a focus of this paper, approaches taken to mitigation can lead to a
reduction in adaptation costs and risks. One approach to mitigation that could be taken is have a
steadily increasing robust price for carbon, with the resulting fees returned to citizens as a dividend.
Because people tend to create more carbon pollution as their income rises, wealthier people will
pay more in carbon pollution fees than they collect in dividends, while lower-income people will
tend to get more in dividends than they pay in fees. The fee provides a market signal to create
demand for low-carbon technologies and because the fees are paid out as dividends, the revenue
is recycled into the economy, which creates jobs while steadily lowering greenhouse gas
emissions.

54

In terminology used in the analysis of climate change, mitigation often refers to the management and
control of greenhouse gas emissions and accumulation.
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Many economists promote carbon pricing as the most efficient way to mitigate greenhouse gas
emissions, and rank it ahead of emission rights trading systems55 and regulations. Two examples
of approaches follow:
o

o

6.4

Canada’s climate pricing policy for Ontario, Manitoba, Saskatchewan and New Brunswick
will be carbon-fee-and-dividend with a price of C$20 a ton in 2019, increasing by C$10 per
year until it reaches C$50 a ton in 2022. While it is widely recognized that a fee of C$50 a
ton is not enough to mitigate carbon emissions at the scale needed, the policy is a first step
towards climate mitigation and a test of how the policy works.
In the United States, the Energy Innovation and Carbon Dividend Act has been introduced in
the House of Representatives, with both Democratic and Republican co-sponsors. The Act
has an initial price of US$15 a ton, rising by US$10 a ton per year. If implemented, it is
expected to reduce emissions by 40% over the next 12 years56. A carbon-fee-and-dividend
approach can be seen as a social contract among citizens to transition away from carbonintensive energy. People pay in according to the amount they pollute, and they receive an
equal share of the revenues, thus creating demand for less-polluting alternatives.

Other adaptation approaches

Governments often establish pay-as-you-go programs, both preventative (ex-ante) and reactive (expost) in nature. Examples of the former are land-use planning and rules, building code standards,
and laws/rules to control overly concentrated population that increases exposure to climate
change risks.
Of course, there is the unfortunately quite common self-insurance approach. This, the default
option, is to simply do nothing and accept whatever comes. It can take the following forms:
o
o
o

Naively, with an attitude that suggests that “I will never be affected by climate change, so I
can safely ignore it”;
As a result of not recognizing or not being able to afford to take any steps at all; and
Being adequately prepared to directly take on the risks – for example, by adequately saving
or using and even requiring resilient building techniques.

The fall-back position if a loss event or condition occurs in taking one of the first two approaches
or attitudes is to seek assistance from public safety-net programs after the fact.
Governmental guarantees or backstop programs can be used instead of or as a supplement to
insurance. In addition, various safety-net programs providing either general support or after-thefact protection exist. However, they are not guaranteed and, in some cases, have to be authorized
specifically for each situation (which can impede timely response and ultimate resolution if
disputes arise). These can be provided by the public (through governments at the local or national
level) or by not-for-profit and charitable organizations.
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Especially as applied to the largest commercial greenhouse gas emitters, and this may be effective if
emission rights are priced properly to provide the desired incentives for action.
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According to the Citizens’ Climate Lobby, although it is doubtful that it will be passed during the current
legislative session. https://citizensclimatelobby.org/energy-innovation-and-carbon-dividend-act/
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Ultimately, if climate change begins to accelerate the scale and frequency of economic losses
faster than actuarial science is able to respond by deploying risk models to assess and price
insurability, non-insurance solutions will be critical to global adaptation. However, in such a
scenario, the diversion of additional financial resources to the insurance industry could also
become necessary to prevent economic damage due to systemic industry-wide losses. This could,
at least partly, be mitigated through minimum capital standards and fall-back government support.
It could also induce more rapid adaptation in corporate strategy towards climate change mitigation
and adaptation investments.

6.5

Advantages and disadvantages

There are advantages to the utilization of one or more of these approaches. Several mirror the
disadvantages of insurance programs (indicated in section 5.5). For example, they may include
being easier to understand, less complex and less expensive to operate.
Many of them also can be accompanied by disadvantages, including a lack of sufficient incentives
for safer behaviour in a timely manner. This may be the result of moral hazard – for example, what
may be a very short-sighted view that “if the government will help me out, why should I take any
effort to prevent losses, especially against a low frequency event that may not even happen in the
next hundred years?”

6.6

Examples of non-insurance financial solutions that address climate change risk

Examples of non-insurance solutions, each involving a family of financial instruments or borrowing,
include:
•
•

•

Green bonds – these financing instruments can cover a specific project or a range of
activities that may include building resilience or developing green technologies;
Catastrophe bonds – these bonds are issued in a capital market to provide the principal to
the issuer in the event of a catastrophic event (usually defined with a parametric trigger).
The bondholder receives a coupon with a return based on the level of risk that the bond
carries and will receive the principal back should no event occurs; and
Recovery lending – small loans are often needed to allow businesses and individuals to get
back on their feet. Examples include start-up (or re-start-up) activities and more droughttolerant activities or those in locations outside of flood plains.

Overall, climate financing for adaptation from multilateral financial institutions (put at US$35.2
billion by 201757) is likely to remain more significant and visible than insurance-based risk
mitigation approaches in the toolkit of public policymakers for at least the medium term. This set
of mostly pre-emptive and preventative (rather than reactive, event-triggered) financial measures
includes investments to reduce coastal erosion and flooding, create “resilient” cities, modernize
hydro-meteorological forecasting and monitoring services and consolidate the long-term
sustainability of forests.
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Non-financial mechanisms for upgrading resilience are essential to risk mitigation. For the
agricultural sector, this includes better climate information for farmers, with high-quality, highfrequency meteorological information provided in timely fashion, as well as “climate-smart”
agriculture, such as allowing farmers to produce their own fertilizer from biogas and increase
yields, to compensate for new climatic stresses. These initiatives can be combined to lower the
cost of credit, once farmers adopt such methods and are able to act on climate information,
allowing investment in higher productivity to offset losses to such stresses.
Climate information can also reduce vulnerability via initiatives such as the Red Cross’ “forecastbased financing”, implemented on a pilot basis in Peru, Bangladesh and West Africa. It uses a
combination of weather predictions and historical data to fix triggers for the automatic release of
money for pre-agreed early-action plans. Such financing enables agencies to marshal funds and
resources before disasters occur, once signals of an impending risk event, such as dam levels,
become obvious. In turn, the spread of such measures will themselves assist in expanding the
ability of the insurance industry to provide protection against the adverse financial effects of
climate risk.

6.7

Chapter summary

Several approaches to reduce climate change risks are described that do not necessarily include
insurance or risk-transfer approaches. They include adaptation activities, financial instruments and
ad hoc public or private responses to losses caused by climate change events or conditions. These
approaches continue to evolve in application around the world, often tailored to the needs of the
applicable vulnerable populations and resources of the individual country or region. In any case, a
public and private sector strategy is needed to address these needs.
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Chapter 7: The Role of Actuaries
Actuaries have played significant roles in all aspects of insurance and risk management, with
respect to both short- and long-term risks faced by individuals, businesses and governments.
Actuaries can provide valuations and assessments of risk where markets exist, are incomplete or
are entirely absent. Actuaries support both the private and public sectors. They operate in
traditional markets that offer standard insurance products as well as incomplete markets, such as
microinsurance, that do not utilize a traditional insurance approach, where solutions may by
necessity be novel and creative.
Actuaries can determine prices, perform valuations of insurance liabilities and participate in each
step of the risk management process. They can also support product and program design, as well
as serving in broader capacities to influence public policy. They often emphasize the loss
avoidance or reduction characteristics of approaches considered.
Actuaries abide by stringent professionalism requirements that govern all aspects of actuarial
work, including analyses and communications. Stakeholders can depend on actuaries to identify
and gather relevant information and continually refine their analytical tools.

7.1

The role of the actuary and the IAA

The IAA describes the many functions the actuary can serve in its 2013 paper “The Role of the
Actuary”:
Actuaries fulfil many roles in a broad range of environments, including insurance
companies, health organizations, pension plans, risk management, government, regulatory
regimes, and in other fields. They have a detailed understanding of economic, financial,
demographic and insurance risks and expertise in:
•
•

developing and using statistical and financial models to inform financial decisions;
pricing, establishing the amount of liabilities, and setting capital requirements for
uncertain future events.

Actuaries also provide advice on the adequacy of risk assessment, reinsurance arrangements,
investment policies, capital levels, and stress testing of the future financial condition of a financial
institution. … One of the key skills of an actuary is the development and application of models to
help solve complex financial problems. … Actuaries add value to the raw output of a software model
by using their professional judgment to assess and explain the practical implications of the results
and the limitations of the model.58
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7.2

Actuaries, insurance and vulnerable populations

Actuaries have and will continue to play crucial roles in the assessment of environmental risks as
they affect human lives and property. Dealing with the risks associated with climate change, where
a wide range of approaches can be applied, is no exception. Insurance, used to pool, transfer and
share risks, retains a significant role in addressing the risks of those who find themselves to be
vulnerable.
Nevertheless, actuaries recognize that a unique solution does not exist to address all the risk
exposures identified in this paper and satisfy all stakeholders, especially the vulnerable population
segments who are often concerned with affordability, suitability and sustainability. The work of
actuaries involves close collaboration in a multi-disciplinary approach, including specialists in
insurance, the environment and catastrophe risks, to address these complex and uncertain risks.
Because of their experience in applying comprehensive risk management principles using both
insurance and non-insurance approaches, actuaries can provide perspective in the assessment of
advantages and disadvantages of specific techniques.
The profession has a rich history of addressing complex problems and developing forward-looking
insights and solutions in the public interest. To address these needs, a range of different specialties
across the spectrum of actuarial practice may be needed. Actuaries have followed an approach of
dynamic learning and applications to changing conditions, over both short- and long-term periods.
Actuaries recognize the risks involved in any projection involving human behaviour, including
estimation of the effect of incentives, especially over the longer term. It is quite difficult for anyone
to estimate the effect of societal processes in light of future exposures to risk, including climate
change, mortality, morbidity, property, and liability risks, as well as investment returns. Relevant
information and accurate data provide input in refining such estimates.
The estimation of damages can be particularly complex for property damages, morbidity and
deaths. Some of the contributing factors include the low frequency of many of the effects of
climate change; the inclusion of both direct and indirect damages; all immediate, delayed and
second-order effects; multiple causes; and the effectiveness of resilience and other adaptation
measures.
The design of risk-financing and risk-transfer mechanisms depend in large part on risk
quantification – thus actuaries should be involved. Actuaries are also concerned with the
development and management of benefit and program design, both in the private market and public
sector. Their expertise involves the analysis of the costs and risks associated with these programs.
Developing estimates of the costs associated with climate change can be challenging, to say the
least. Integrating the latest information regarding climate science applied to local conditions is
crucial in developing sound and affordable mechanisms to spread risks and provide benefits to
insurance participants. In some areas there is limited or no relevant and high-quality data and,
especially in areas of most significant climate change, the data may have limited predictive power.
However, advancements in data gathering and modelling – for example, through accurate satellite
and population surveys and predictive analytics – will help in many cases. Benefit design that
provides appropriate incentives through an effective risk management process will help provide
satisfactory (although not necessarily perfect) solutions.
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Actuaries realize that it may not be appropriate for experience taken from one set of conditions to
be used in another. For example, mortality experience gained from general population studies may
not apply to a particularly vulnerable population segment under potentially climate-challenging
conditions. Also, the very existence of a program or certain design features can alter the rate of
utilization or intensity of benefits provided.
Due to the uncertainties involved, actuaries also recognize the effects from a range of possible
outcomes. Insurance companies and their regulators regularly assess scenarios that may render a
company unable to pay insurance claims. With the patterns of extreme weather events becoming
more intense and more volatile, the actuarial challenge will expand. Increasing extreme weather
events and the evolution of slow-onset conditions will also put pressure on prices. Insurer solvency
requirements aim to include sufficient capital to provide sustainability under reasonably unlikely
scenarios – possibly around 0.5% of probability (akin to flipping eight heads on a coin in a row).
Understanding the effects of the range of potential outcomes from climate change, which to date
has not often been rigorously considered, will become increasingly important. Losses will occur
even under a 2°C global warming scenario, let alone at higher temperatures. Vulnerable populations
cannot afford to solely focus on only the most likely outcome.
Further work is needed to better understand and further develop solutions for the full range of
potential consequences to them of climate change.

7.3

Chapter summary

The actuarial profession’s history of contributing to forward-looking solutions in fields as diverse
as insurance coverage, retirement savings and health care, all in the public interest, extends to the
needs of those who are vulnerable to the adverse effects of climate change. Active actuarial
involvement in the design and management of insurance and other risk management approaches
may prove beneficial. As a result of the experience and expertise of actuaries in modelling related
long-term contingencies and in assessing the motivations and behaviour of the stakeholders, they
have a key role to play in a comprehensive risk management approach to the issues involved.
Actuaries also bring healthy skepticism and refined approaches to the analysis of risk, recognizing
the importance of dynamic techniques to respond to changing conditions, over both short and long
timeframes.
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Chapter 8: Summary
Climate change has had and will have a wide range of adverse effects on human health and quality
of life, property damage and economic activity. These consequences result from extremes in
climatic factors including higher temperature and precipitation; extreme weather events; degraded
air quality and levels; waterborne and vector-borne diseases; food insecurity; and psychological
stress On June 25, 2019, United Nations Special Rapporteur on Extreme Poverty and Human Rights,
Phil Alston, said that climate change “could push more than 120 million more people into poverty
by 2030 and will have the most severe impact in poor countries, regions, and the places poor people
live and work.”59
These affect individuals, businesses and governments, especially those who are most at risk of
these effects, referred to in this paper as the vulnerable population – both those living in lesserdeveloped and emerging countries, and a considerable number of people in developed countries.
Those particularly affected include those with lower incomes and other resources, the very old and
young and those in certain geographical areas.
Although there are no easy answers, private- and public-sector insurance arrangements can assist
vulnerable populations to better prepare for and recover from these potentially disastrous effects
to help build a more resilient future. They can provide a wide range of protection against climaterelated losses and damages through two major approaches: microinsurance and macro-level risktransfer schemes. Although both are subject to limitations and disadvantages, several approaches
are available to reduce the impact of their limitations.
Several additional approaches are also available to mitigate climate-related risks to those who are
vulnerable. They include adaptation to the possible adverse effects of climate change by reducing
their cost, financial instruments that can offset some of their adverse financial consequences, and
ad hoc public or private responses to consequential losses. The bottom line is that these tools,
financial and otherwise, are needed to prepare for and recover from the effects on those who are
most vulnerable.
The actuarial profession’s history of addressing complex problems involving long-term
contingencies, and contributing to forward-looking solutions in the public interest, can help to
address the needs of vulnerable populations in anticipation of the adverse effects of climate
change.
Actuaries have a key role to play in designing and maintaining a comprehensive risk management
approach to the challenges involved.
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