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Executive Summary  1 

This paper is part of a series by the IAA Climate Risk Task Force addressing important aspects 2 
of climate-related risk. It builds on, and should be read in conjunction with, the IAA paper The 3 
Importance of Climate-Related Risks for Actuaries.1 4 

Climate change is affecting many aspects of our life such as the security of our shelter, food 5 
supply, access to clean water, daily commerce, infrastructure, biosphere and our health. 6 
Frequently, the most vulnerable in our society are affected the most. Its future adverse 7 
impacts can be reduced through mitigation (i.e., removal and/or sequestration of greenhouse 8 
gas emissions) but also through adaptation (i.e., the process of adjustment to actual or 9 
expected climate change and its effects). This paper focuses on the important role of 10 
adaptation action to enhance the ability of human and natural systems to prevent or minimize 11 
the adverse effects of climate-related risks brought about by climate change.  12 

Significant climate change vulnerabilities already exist today to many climate change risks. 13 
The adaptive capacity of human and natural systems is limited and shrinking. Adaptation is a 14 
key line of defence against resulting losses and damages. As stated in the IPCC Working 15 
Group II report (February 2022), the need for climate adaptation action is urgent. 16 

To date, progress on adaptation has been slow, siloed and incremental, with little evidence of 17 
the transformative adaptation that is needed to address many climate hazards and exposures. 18 

Decisions affecting climate change adaptation are made under conditions of uncertainty. The 19 
uncertainty of future outcomes is at the heart of the climate change discussion. 20 
Understanding and communicating these uncertainties is a key role for actuaries.  In 21 
developing adaptation actions, consideration needs to be given to a range of potential future 22 
climate scenarios.    23 

Actuaries can play an important role in inter-disciplinary assessment and discussion of 24 
adaptation measures and their impact on insurance and social security systems, protection 25 
gaps, vulnerabilities, affordability, insurability and resilience. 26 

Taking an actuarial approach to climate-related risk management is useful when considering 27 
adaptation actions (i.e., identify exposures/vulnerabilities, obtain data/information, 28 
assess/model, plan, finance, implement, monitor). Adapting to climate change is a process 29 
rather than a one-time event. Adaptation risk management has to be addressed on an ongoing 30 
basis. Further, adaptive thinking requires both a short-term and long-term perspective, applied 31 
holistically, to optimize societal outcomes.  32 

Gaps in available data limit the ability of stakeholders to hold public and private actors 33 
accountable and to support needed investments. As increasing actions are devoted to 34 
adaptation and building resilience, measuring systems need to be further developed. Global 35 
multinational collaboration is critical and in fact countries with less resources can only be 36 
activated in terms of their responses to climate change with the help of richer countries. 37 

Climate change is a macroeconomic driver that threatens to significantly undermine future 38 
prosperity. Investment in adaptation now can reduce the ultimate costs of climate change 39 
significantly. 40 

In conclusion, coordinated adaptation measures are needed as a defence against future 41 
climate-related risks and damages and to build resilience to them. More extensive risk data 42 
and information, enlightened policies and insurance products that can motivate and enhance 43 
preventive and recovery actions will help to reduce losses and damages.   44 

This paper includes case studies from the Caribbean, India and Canada illustrating the 45 
complex issues involved with adaptation. 46 
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1 Introduction  47 

This paper, the sixth in a series of IAA papers on climate-related risk, provides an introduction 48 
to climate change adaptation and adaptation gaps from an actuarial perspective. It draws, in 49 
particular, on the IPCC Working Group II report, Climate Change 2022: Impacts, Adaptation 50 
and Vulnerability, published in February 20222 (referred to throughout as IPCC 2022).  51 

Climate change is happening today and will accelerate in the future. To effectively manage its 52 
risks, policymakers, businesses and individuals will have to anticipate its effects with some 53 
urgency to build a more resilient tomorrow. 54 

Not only is the extent of future climate change uncertain (with potentially greater uncertainty 55 
when moving from global to local scales), but it will also cause an escalation in climatic 56 
variation.  Extreme weather events, such as heat waves and large storms, are likely to become 57 
more frequent or more intense. Potential tipping points (i.e., discontinuities in the rate of 58 
climate change) such as permafrost melting, sea-ice loss, or massive forest dieback are 59 
becoming more likely.3 60 

1.1 Adaptation and Mitigation 61 

The pathways to keep global warming below 1.5°C or 2°C, as per the Paris Agreement, require 62 
emissions mitigation (subsequently referred to in this paper simply as mitigation) measures 63 
on a transformational scale to reduce emissions and remove greenhouse gases from the 64 
atmosphere.  The global temperature has already increased by around 1.2°C and the impacts 65 
of climate change are already evident; global warming of 1.5°C or 2°C will have a substantial 66 
impact on human and natural systems.  The impact of the current level of warming is already 67 
being experienced. Hence, adaptation action is also required on a transformational scale. 68 

Climate change adaptation is the process of adjustment to actual or expected changes to the 69 
climate and its effects. Adaptation can be reactive, occurring in response to climate impacts, 70 
or anticipatory, occurring before impacts of climate change are observed. In most 71 
circumstances, anticipatory adaptations will result in lower long-term costs and be more 72 
effective than reactive adaptations. 73 

Effective adaptation is not a one-time response to an emergency situation; rather, it consists 74 
of a series of proactive measures to deal with the nexus of hazards over time. It involves 75 
planning for the possible effects of climate change and taking suitable action to prevent or 76 
minimise the damage it may cause. Examples of adaptation actions include adjusting building 77 
regulations to take account of future climate conditions, building and reinforcing flood 78 
defences and prioritising tree and crop species that are most suited to the changing climate.   79 
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Figure 1: The Climate Change Loss Process and Lines of Defense 80 

 

Adaptation represents a line of defense that can eliminate or reduce potential damages and 81 
losses that result from climate change risk. Key elements of the climate change process are 82 
shown in the boxes in the left column in Figure 1. A central role is played by the emission of 83 
greenhouse gases, most of which are generated as a result of economic activity that increases 84 
the concentration of these gases in the atmosphere. Meteorological processes then lead to 85 
changes in key climatic factors, including temperature and precipitation, which can damage 86 
human health, property, and other resources. 87 

The right column of Figure 1 indicates the key lines of defense against loss due to these 88 
damages.  89 

• Mitigation (first two boxes on the right), the first line of defense, is used to reduce the 90 
amount of emissions, as well as to capture some of the concentration of gases in the 91 
atmosphere through sequestration or other methods (second box on the right), through 92 
either natural means such as carbon sinks, or technological processes.  93 

• The second line of defense is adaptation (third box on the right), the process of 94 
adjustment to actual or expected climate and its effects.  95 

• To the extent not eliminated or diminished by adaptation, the third line of defense, loss 96 
(or disaster) recovery, aims to minimize the ultimate losses that result from the 97 
damages induced by climate change. This recovery may come from insurance that can 98 
reduce a certain amount of the financial aspects of these damages, while public or 99 
charitable assistance are major elements that can reduce a portion of the remaining 100 
adverse effects of the damages. A key element of the recovery process is learning 101 
lessons from damages incurred, especially planning for enhanced future adaptation that 102 
can range from improving building structures to moving from high risk areas. 103 

Significant synergies and trade-offs exist between adaptation and mitigation (the right two 104 
arrows in Figure 1). For example, measures to protect ecosystems, such as enhanced 105 
cropland management, can both assist adaptation to climate change and enhance carbon 106 
storage. However, some adaptation options may have adverse consequences that involve 107 
trade-offs with mitigation objectives. For example, although increased use of air conditioning 108 
is currently a primary method used as an adaptive measure to deal with heat stress, it 109 
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increases energy use and may therefore be an undesirable measure from a climate change 110 
mitigation perspective (as well as being unaffordable for many vulnerable populations). 111 

Both adaptation and mitigation actions require investment.  In both cases, there is a mismatch 112 
in timing between their costs, which are incurred upfront, and their benefits, which accrue over 113 
a long period, in the form of either enhanced resilience or less severe losses or damages.  This 114 
mismatch is a barrier to effective action and needs to be addressed in cost-benefit analyses.  115 

Benefits from climate mitigation are global in nature, whereas adaptation actions and benefits 116 
tend to be more on a local or regional level.  In practice, the parts of the world that will be most 117 
affected by climate change are often those with fewer resources available for both adaptation 118 
and mitigation.    119 

To date, the overwhelming majority of global tracked climate finance has been targeted to 120 
mitigation, while only a small proportion has been directed to adaptation (IPCC, 2022 C.3.2).  121 
ESG (environmental, social and governance) investment policies have tended to focus on 122 
mitigation activities.  Progress on climate adaptation has been slow, siloed and incremental, 123 
with little evidence of that transformative adaptation that is needed to address significant 124 
climate hazards and exposures.  Recently, however, the urgency of addressing adaptation 125 
needs is increasingly being recognised, with a growing focus on integrating climate policies 126 
to address both mitigation and adaptation. 127 

Global collaboration and intelligent sharing of resources and data will be fundamentally 128 
important to successful adaptation. Policy tools will need adjustment and investment as well.   129 

1.2 Key Concepts  130 

In addition to adaptation and mitigation, concepts that are key to understanding this paper are 131 
briefly introduced here.  132 

Adaptive capacity 133 

Adaptive capacity refers to the potential or ability to reduce vulnerability and thus to 134 
minimise the risk associated with a given hazard.  135 

Maladaptation 136 

 Maladaptation means any changes in natural or human systems that inadvertently 137 
increase vulnerability to climatic stimuli; an adaptation that does not succeed in reducing 138 
vulnerability but increases it instead. 139 

Resilience 140 

Climate resilience refers to the capacity of human and natural systems to learn, adapt and 141 
transform in response to risks induced or exacerbated by climate change and variability. 142 
Adaptation can strengthen climate resilience. However, resilience also encompasses the 143 
management of residual risks which will remain despite efforts to mitigate and adapt to 144 
climate change due (e.g., to economic, financial, capacity, social and cultural constraints). 145 

Readers may also wish to consult the Glossary of Defined Terms Used in IAA Climate-146 
Related Risk Publications4, in particular for definitions of terms such as “exposure” and 147 
“sensitivity”, the usage of which is different in a climate change context than the typical 148 
usage in actuarial practice.    149 

1.3 Key Considerations 150 

Some of the key considerations relating to climate change adaptation that will be addressed 151 
in this paper are as follows:  152 
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1.3.1 Uncertainty 153 

Decisions in relation to climate change adaptation will need to be made under conditions of 154 
uncertainty and in many cases constraints (e.g., legislation, affordability). The uncertainty of 155 
future outcomes is at the heart of climate change discussions. Understanding and 156 
communicating these uncertainties is a key role for actuaries.   Adaptation actions need to be 157 
developed recognizing a broad range of potential future climate scenarios.    158 

1.3.2 The Role of Insurance 159 

While insurance loss prevention activities have traditionally been, and still remain, important 160 
in building resilience to the consequences of risks, the scope and scale of increasing climate-161 
related risks will require greater cooperation and coordinated action involving the public, 162 
organizations (including the insurance sector) and all levels of government. Each has 163 
important roles to play in sharing the burdens and opportunities occasioned by climate 164 
change. 165 

1.3.3 Insurance Protection Gaps 166 

Climate change is likely to increase insurance protection gaps, especially in a context where 167 
affordability and insurability concerns exist. As insurers recognize areas of high risk and cost, 168 
their premiums will increase, adding to affordability concerns.  Adaptation actions may help 169 
to offset protection gaps.  170 

1.3.4 Role for Governments and Supervisors 171 

Coordinated and combined cooperation by all levels of government and financial sector 172 
supervisors is needed to drive effective adaptation action. Effective incentives are required in 173 
order to drive the actions required to reduce and manage climate-related risks. Incentives for 174 
effective implementation of adaptation action can be provided (1) by governmental rules and 175 
regulations, including taxation, or (2) through the price mechanism affecting businesses and 176 
households, such as through private sector insurance requirements or premium adjustments 177 
to reflect adaptation action taken. However, property and casualty insurance price increases 178 
may not provide sufficient incentive for adaptation action due to the mismatch of policy 179 
duration (usually one year) and the duration over which the impact of climate change will 180 
emerge (potentially decades).  Hence, public policy responses are required to drive effective 181 
adaptation. 182 

1.3.5 Time Horizons 183 

Adaptation action can require large upfront investments of human, financial and technological 184 
resources, while benefits may only become visible in the next decade or beyond.  Accelerated 185 
commitment and follow through are promoted, for example, by rising public awareness, 186 
building better business cases for adaptation, accountability and transparency mechanisms 187 
(IPCC 2022 C.5.1). The risk management of climate-related risks and climate change, 188 
including adaptation, requires consideration of both short- and long-term perspectives.   189 
 190 
Cost-benefit analysis allowing for the expected time horizon of both costs and benefits 191 
requires the selection of an appropriate discount rate.  This may be lower than a market-based 192 
discount rate, to take account of the social value, externalities and uncertainties involved.  This 193 
is referred to as a social discounting process.  This important topic is the subject of a paper 194 
entitled Social Discounting - Application to the Risk Management of Climate Change.5   195 
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1.3.6 Vulnerable Populations 196 

Appropriate consideration of population composition and distribution is critical in 197 
understanding the vulnerability of different groups of people.6 The environmental and health 198 
consequences of climate change disproportionately affect low-income countries and poor 199 
people in high-income countries, while profoundly affecting human rights and social justice.7 200 
Climate change will likely be a driver of future migration patterns.  201 

1.4 The Role of Disclosure 202 

The role of disclosure in climate-related corporate accountability is now well recognised, 203 
building on the work of the Task Force on Climate Related Disclosures (TCFD).  Although TCFD 204 
(and other draft disclosure standards such as the EU Corporate Sustainability Reporting 205 
Directive and the draft sustainability-related disclosure standards emanating from the 206 
International Sustainability Standards Board) encourages disclosure of both mitigation and 207 
adaptation actions, it is striking that current disclosures are almost exclusively focused on 208 
mitigation action, with little reference to adaptation.  This is an issue that requires the attention 209 
of both standard setters and investors. 210 

From a governmental perspective, while most countries have published National Adaptation 211 
Plans, political discourse nevertheless gravitates towards mitigation issues.  It is a balancing 212 
act to ensure that adequate attention is devoted to adaptation action without detracting from 213 
the urgent emphasis that is, of course, required on mitigation efforts.   214 

2 Climate-Related Risk Management  215 

Climate-related risk management refers to the process used to manage activities and 216 
methods used by individuals, organizations, and governments to facilitate their climate-217 
resilient decision-making.  Overall, climate change may be characterised as a risk 218 
management problem on a global scale.   219 

Climate-related risk management needs a holistic lens, considering the impacts of all climate-220 
related risks for a country, region, community, business, or a household.  It also needs to be 221 
integrated within the broader enterprise risk management framework and should not be 222 
managed via a silo approach.  223 

In this section, a general risk management framework is described, the principles of which are 224 
applicable to any enterprise, However, the practical application may vary depending on 225 
whether the enterprise is a government, a community, a business or a household.  226 

2.1 Decision-Making Processes  227 

Risk management processes and methods used to facilitate decision-making, from problem 228 
recognition to implementation of a solution, have evolved in many contexts, disciplines and 229 
applications over the last century.  230 

Sound and comprehensive decision-making processes are important in the high-level 231 
management of risks, partly because the processes can themselves constrain the choices of 232 
actions, which can, in turn, lead to undesirable pathways. Risk assessments, decision-support 233 
tools, early warning systems and contingency planning are assessed by examining the trade-234 
offs involved, all dependent on the local adaptation context. 235 

Integrated processes extend to anticipating and managing the effects of disasters, enhancing 236 
resilience, addressing decision-relevant uncertainties and being prepared for abrupt change 237 
and extreme events. 238 
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Decision-making processes require identification of and agreement regarding the risks, 239 
adaptation objectives, alternative options to address them, their possible costs and benefits, 240 
as well as the risk tolerances of the stakeholders. Stakeholder decisions are affected by their 241 
adaptive capacity and the types and costs of adaptations needed to address their vulnerability 242 
to climate-related hazards. Policies and programs for climate-related property and health 243 
outcomes are only beginning to incorporate the challenges and opportunities associated with 244 
climate change, although they can be critical for increasing resilience. As a result, they may 245 
be confronted in the middle of a crisis, rather than in a proactive manner.  246 

There may be limits to the feasibility and effectiveness of adaptation options. For example, 247 
these include limits to adaptative capacity in response to extreme heat drought and infectious 248 
diseases. 249 

Developing and implementing a sound and comprehensive risk management plan will benefit 250 
each country, region, community, business and household. Since damage is usually 251 
experienced at the local level, a primary line of prevention needs to be at that level, involving 252 
all relevant stakeholders in the decision-making process. 253 

Adaptation is required for areas and populations exposed to the applicable climate-related 254 
hazards and especially those that are exposed and vulnerable to those hazards, in the manner 255 
shown in Figure 2. The unshaded area, in the intersection of those both exposed and 256 
vulnerable to risks represent those that will likely experience the most significant damages 257 
and losses.  258 

Figure 2: Risk as a Function of Hazard, Exposure and Vulnerability 259 

 260 

Source: IPCC, 2012 & 2014  261 

The allocation of limited resources at global, national, local, business and household levels is 262 
always difficult. Both synergies and conflicts among objectives will inevitably arise, with 263 
stakeholders having in some cases opposing viewpoints and risk/loss preferences. It is 264 
important to define the key objectives in a comprehensive manner. 265 

An adaptation strategy requires integrated planning, based on multiple criteria in which the 266 
needs of both human and natural systems are considered. Integrating and embedding 267 
consideration of climate change risks and opportunities into every phase of risk management 268 
can advantage everyone. The possibility that adaptation becomes an excuse for not 269 
addressing mitigation efforts or that the adaptation strategy becomes a constraint limiting 270 
mitigation strategies needs to be guarded against.  271 
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One of the toughest challenges in the management of climate-related risks is the need to 272 
appropriately consider risks and opportunities holistically over short- and long-term horizons. 273 
This challenge to effective governance may be due to a potential disconnect between 274 
consideration of traditional planning horizons of one to five years, perhaps due to business 275 
models with similar length product cycles and climate-related risks which may exhibit 276 
themselves in various ways well beyond the normal planning horizon. The longer-term effects 277 
of climate-related risks may have relevance to shorter term planning horizons in the event that 278 
climate transitions occur more quickly than expected or if longer term risks result in the need 279 
for adaptive change to the current business model for public interest, regulatory, strategic or 280 
competitive reasons.  281 

Although recognition of the urgent need for adaptation planning and implementation is 282 
increasingly evident, competing needs exist, at both a macro national level and an individual 283 
business and household level. This process, which may involve feedback loops and iterative 284 
steps sometimes out of the indicated order, is indicated in Figure 3 and the description of the 285 
steps that follows. An iterative risk management process is important because risk and 286 
adaptation are dynamic. 287 

Figure 3 – Adaptation Risk Management Process 288 

 289 

 290 

The adaptation risk management process aligns with the general risk management cycle that 291 
is familiar to actuaries. The following describes the key components of the process as 292 
summarized in Figure 3.  293 

• Identify exposure / vulnerability. The identification of risks of concern and 294 
accompanying objectives and policies for managing those risks will facilitate the 295 
development or revision of prescriptive models. Understanding the drivers of and 296 
vulnerabilities to various degrees of risk can be useful to implementing each of the 297 
subsequent components, as the entire process can be quite complex. Simultaneously, 298 
the identification of any co-benefits and opportunities should be undertaken. 299 

• Obtain data/information. This addresses the types and risks of climate change, 300 
including relevant regulations/laws, vulnerabilities, protection gaps and possible 301 
adaptation actions. This can include information gathered by research or by applicable 302 
experts or systems, including early warning systems. Obtaining relevant and reliable 303 
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data on climate-related risks and consequential losses and damages will enhance any 304 
cost-benefit analysis. Relevant data and information need to be updated on a regular 305 
and as-needed basis. Data collected include`` current (and anticipated) best practices 306 
regarding adaptation tools and effective implementation approaches.  307 

• Assess/model. This involves the quantification of the risks and costs with regards to 308 
the exposures and vulnerabilities involved, practical solutions and desired level of 309 
resilience. Numerous assumptions may be needed in an assessment or modeling 310 
exercise, with values highly dependent on several key factors, including future 311 
emissions, current levels of adaptation, inter-relations among climatic factors, climate 312 
sensitivity, insurance protection gaps and discount rates for economic models. Analysis 313 
under alternative scenarios is almost always appropriate.  314 

Several decision-support and decision-analytic tools may be needed to appraise costs 315 
and benefits of available options for ameliorating future risks. This component may 316 
require research regarding the costs and benefits of possible cost-effective methods to 317 
be used, both as to implementation and maintenance. Co-benefits and unintentional 318 
adverse consequences for various stakeholders that may result from adaptation action 319 
should be considered. The adaptive capacity of the systems involved needs to be 320 
assessed.   321 

• Plan. In developing planned solution(s), including relevant stakeholders and experts for 322 
the risk management process will ultimately be valuable. Effective risk reduction 323 
requires awareness, the formation of an intent to act, the identification and selection of 324 
a plan of action and the implementation of that plan. A comprehensive and holistic plan 325 
is needed, the extent of which may differ by application and the level of planning 326 
undertaken. 327 

• Finance. This involves determining the most appropriate, available and affordable 328 
method of financing that should be utilized, which can include private or public sector 329 
sources. A decision is also needed as to whether losses should in whole or part be 330 
financed by private sector insurance, public sector program such as flood insurance in 331 
some countries, government loss recovery program, or self-insured. The latter is the 332 
residual loss — sometimes an unintentional outcome. 333 

• Implement avoidance / reduction / transfer. The implementation stage of the adaptation 334 
process may be challenging. Scaling up adaptation action may be needed to make 335 
people, economic and environmental structures more resilient and sustainable. 336 
Implementation may take the form of one-time actions, including feedback loops, that 337 
enable ongoing adjustments to meet evolving needs and objectives. It also includes a 338 
communication plan to enable and enhance adaptation. 339 

• Monitor. Regular monitoring and evaluation of the effectiveness of existing adaptation 340 
processes against the objectives is warranted. If actions taken prove inadequate to 341 
satisfy current needs, revisions need to be made. However, measuring overall 342 
adaptation success (e.g., avoidance of extensive wildfire damages) can be more 343 
difficult than it is to measure the success of mitigation (e.g., the amount of greenhouse 344 
gases in the atmosphere). In some cases, it may be possible to estimate what the losses 345 
and damages would have been without the adaptation actions taken. In any case, 346 
relevant, reliable and consistent data and decision-useful criteria are necessary inputs 347 
to an effective risk management process, either from the local area or areas exposed to 348 
similar risks. These can help both to determine the desired extent of use and the relative 349 
effectiveness of specific adaptive measures. It may take quite some time to perform 350 
this monitoring process and the application of actuarial models may be beneficial.  351 
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Although shown in Figure 3 as a unidirectional process, the adaptation risk management 352 
process is by necessity one that involves feedback loops (e.g., as a result of new information, 353 
new techniques, or new financing opportunities). The pathway through this process may not 354 
be linear (e.g., depending on when and in what detail the decision-makers may need to 355 
understand the applicable climate-related risks and local conditions, available and affordable 356 
options). The development of decision-support tools for climate-related risk management, 357 
generally using lessons learned from practitioners’ experience, may enable some aspects of 358 
the decision-making process to be circumvented or at least streamlined. 359 

To date, most climate-related risk adaptation approaches have been developed in high- and 360 
middle-income countries and typically require significant financial resources for their planning 361 
and implementation. Studies are needed to determine whether these options are relevant and 362 
useful for less-developed countries to manage and adapt to their climate-related risks. In 363 
addition, as in any developing field, newly developed tools and techniques will be used in the 364 
future with currently unknown levels of effectiveness.  365 

An example of an effective risk management process was the adaptation to heatwaves in 366 
France. In 2003, 15,000 deaths were attributed to a severe heatwave8. A far lower number of 367 
deaths (2,000 excess deaths9) occurred in record-breaking heatwaves in 2019. This lower 368 
number of deaths has been attributed to the application of a learning process by which better 369 
preparedness of the public healthcare infrastructure, introduction of emergency procedures 370 
and availability of public cooling centers saved many lives.  371 

2.2 Adaptation Data 372 

According to IPCC (2022), research has started to develop global inventories on climate-373 
related losses and damages, including their intangible effects. In many countries, guidance 374 
has been provided on reporting losses and damages, although systematic risk assessments 375 
of climate-related losses and damages are currently limited. Many vulnerable countries lack 376 
comprehensive data, including on economic and non-economic losses and damages, thus 377 
hampering effective risk management.  378 

Issues can arise if a decision-maker has to use data developed through different standards, 379 
sources, data taxonomies or scenarios. However, it is more difficult to develop and obtain 380 
consistent metrics for adaptation activities than for those used for mitigation purposes. The 381 
European Commission has developed a taxonomy of risks10, along with case studies, for both 382 
adaptation and mitigation that may be useful. 383 

In general, attributing property and health impacts to climate change remains challenging. For 384 
example, for health-related risks, impacts can include mental health and wellbeing, (mal and 385 
under) nutrition and food quality and climate sensitive infectious diseases, where other socio-386 
economic determinants also play an important role. Since climate change can exacerbate 387 
existing risks, adaptation should address all environment, climate and weather-related risks, 388 
rather than solely focusing on those due to climate change. There remain difficulties in 389 
defining and measuring adaptation effectiveness and adequacy for many climate-related 390 
risks. No studies have systematically assessed the adequacy and effectiveness of adaptation 391 
at a global scale, across nations or sectors, or for different levels of warming.  392 

Gaps in available data limit the ability of stakeholders to hold public and private actors 393 
accountable and to support needed investments. As increasing actions are devoted to 394 
adaptation and building resilience, better measuring systems are being developed11. 395 
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2.3 Uncertainties 396 

Although there is significant uncertainty regarding climate change, further uncertainty arises 397 
as to the extent that specific adaptation actions are effective both currently and under future 398 
conditions. In developing adaptation actions, consideration needs to be given to a range of 399 
potential future climate scenarios. 400 

Some analyses ignore uncertainties relating to expected losses and damages to focus on 401 
conflicts in the values and values at risk held by different stakeholders. Actuaries and 402 
decision-makers can help structure discussion on the complex issues involved, particularly 403 
with respect to their associated uncertainties. This can be done by building sophisticated 404 
models, incorporating alternative possible climate changes and risks, to estimate not only 405 
potential consequences, but also to incorporate alternatives to eliminating, reducing, or 406 
otherwise managing the risks involved. 407 

Climate-related risks differ greatly by type, extent and nature of exposures and vulnerabilities. 408 
The range of frequency, severity and timing of risks means there are many types of decisions 409 
and forms of analyses and processes that may be drawn on. Decisions can differ, for example, 410 
according to whether they are strategic, tactical, or operational, whether there are one or many 411 
decision makers and stakeholders, from a global, national, or local basis, the level or type of 412 
uncertainty present, the time available to take the decision and the expected timing of the risk. 413 

Although it might be desirable to include safety margins in adaptation actions or in insurance 414 
premiums that may reduce the financial effects of the uncertainties associated with damages 415 
in people’s and business’s livelihoods, stakeholders may not be able to, or wish to pay for 416 
these margins. They may be helped where adequate reinsurance or guarantee funds or state-417 
sponsored insurance is available.  418 

Contingency planning will be increasingly important. For example, in the United States, New 419 
Mexico’s attorney general has launched a readiness task force to prepare for “worst-case 420 
scenarios,” while Arkansas power officials are establishing emergency conservation 421 
measures.12 These actions have been taken as extreme weather, partly due to climate change, 422 
strains power grids and as the United States shuts down fossil fuel plants to help achieve 423 
carbon neutrality by 2050. Adaptation of the power system may require planning for 424 
contingent alternative power sources; these may, however, make power more expensive i.e., 425 
building resilience will likely come at a cost. 426 

2.4 Communication 427 

An important, yet often overlooked, part of the adaptation risk management process is 428 
understanding, communicating and convincing others of the need for adaptation, including 429 
raising awareness of the risks and cost of not taking adaptive action. Financial transparency 430 
can be provided by public entities and businesses through Environment, Social and 431 
Governance (ESG) disclosures. Although the “E” part of this disclosure is sometimes thought 432 
of as primarily focusing on mitigation (that is, carbon footprint) actions, possibly more 433 
important to the risks of many entities is the extent and effectiveness of their adaptation to 434 
reduce or eliminate potential climate-related losses.  435 

Despite current manifestations or modeled findings of some of the risks involved, climate 436 
change effects can appear remote, particularly because they may emerge or manifest in full 437 
form past a business or household’s normal planning time horizon. Nevertheless, recent 438 
experience provides many examples of climate change risks. Recognizing current or recent 439 
climate change-related disasters can provide more immediate encouragement to take 440 
adaptive action. 441 
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Throughout the risk management process, sound governance practices and appropriate 442 
communication with stakeholders are necessary. The decision-makers should recognize their 443 
available options, together with their costs and benefits, ultimately choosing one or more 444 
actions to satisfy agreed-upon objectives to manage these risks. If necessary, governance 445 
and financial systems may need to be redesigned to work across silos and with appropriate 446 
stakeholders involved.  447 

Another important type of communication is rapid communication immediately before or 448 
during an extreme weather event. Effective and timely early warning communications can 449 
reduce or even avoid damages from risks including flood, storms, wildfires, heatwaves and 450 
drought.13   451 

In developing a communication plan, there is a need to be sensitive to the audience. Practical 452 
advice, rather than nebulous warnings about potential damages, is needed, especially for 453 
those who are most vulnerable.  454 

3 Adaptation and Adaptive Capacity 455 

3.1 Adaptive Capacity 456 

Improving resilience builds on an assessment of current and expected future risk profiles to 457 
adequately prepare for tomorrow’s context. Given the increase in future risks and the 458 
uncertainties involved, improving resilience through developing adaptive capacity is critical to 459 
managing these short and long-term risks.  460 

However, under a high physical risk scenario, sometimes also referred as a “hothouse world”, 461 
the possible adaptation options may no longer be sufficient (i.e., we may reach the limits of 462 
adaptive capacity).  For example, future temperature or drought conditions in some areas in 463 
the world may not allow outside work in the middle of the day, resulting in decreased 464 
productivity if loss prevention measures are not taken.  Similarly, existing flood defence 465 
infrastructure may no longer be sufficient in the face of a chronic increase in sea level, the 466 
effects of which may be exacerbated by extreme weather events. 467 

3.2 Adaptation Plans 468 

Given the level of complexity and uncertainty that permeates climate-related risk assessment, 469 
estimating current and future exposures and vulnerabilities to develop adaptation plans can 470 
be challenging. Nevertheless, multiple frameworks are being developed, with some now 471 
available for practitioners to apply. Consistent with current actuarial practice, a commonality 472 
among those is a decreasing reliance on broad averages, with a greater focus on a range of 473 
possibilities. 474 

Adaptation plans need to recognize and account for the key characteristics of climate-related 475 
risk and their unprecedented nature. As an example, Figure 4 provides an extract from New 476 
Zealand’s most recent national adaptation plan.14 477 
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Figure 4: New Zealand’s National Adaptation Plan - Features of Climate-related risks 478 

  479 

3.3 Adaptation Actions 480 

The following paragraphs outline some examples of adaptation actions, with more detailed 481 
case studies following in the next section. 482 

3.3.1 Building Codes 483 

Building codes and land use policies can be adapted to effectively reduce future damages due 484 
to climate change and to enhance overall resilience. This is all the more important because 485 
traditional price signals (such as through property pricing or insurance premiums) may not 486 
sufficiently discourage risky developments, especially in the context of climate change.  487 
Building codes and land use policies are important in the context of storm, flood and wildfire 488 
risk, as well as sea level rise.   For example, California has mandated special building codes 489 
for new homes built in risky fire zones, known as "wildland-urban interface codes."    490 

Following Hurricane Andrew’s devastating toll in 1992, which destroyed and transformed the 491 
landscape, new (stricter) building codes were enacted in Florida. Later studies showed that 492 
follow-on hurricanes in the same area caused greater infrastructure damage in buildings 493 
which had survived Hurricane Andrew and thus were not subject to the newer building codes 494 
at the time, relative to buildings rebuilt using stricter standards (SOA, 2022).  This points to 495 
adaptive capacity and the use of lessons learned from the past as an incentive to improve 496 
resilience. It also suggests that adaptive considerations are needed both at the initial stage of 497 
construction design and at the time of renovating. 498 

In planning for a future which is characterized by uncertainty, a shift in mindset is required to 499 
reflect the following considerations: 500 

• Future conditions: Almost all current building codes take a view of risk based on the 501 
present. Whereas, in designing future building codes, conditions over the expected 502 
future lifetime of new buildings need to be considered.  503 

• Future uncertainty: Most building codes are based on a static view of risk (from an 504 
engineering perspective) and do not consider multiple possible future states, whereas a 505 
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stochastic view that considers potential adverse scenario, based on the probability of 506 
various possible hazards, would be more appropriate. This is an area where an actuarial 507 
perspective can add significant value.  508 

3.3.2 Heat Health Action Plans 509 

Extreme heat can lead to excess morbidity and mortality.  A heat health action plan is an 510 
adaptive response to the increasing risk of heat extremes. Such plans can include warning 511 
systems and solutions such as climate-friendly urban design and planning and nature-based 512 
approaches.  513 

A well-designed plan can link weather forecasts with alert and communication systems and 514 
response activities, as well as, and linked to, forward planning measures. These may include 515 
public cooling centers, enhanced heat-related disease surveillance, ongoing educational 516 
programs, planting trees in urban areas and encouraging individual actions designed to 517 
reduce the health effects of extreme heat events such as seeking shade and altering the 518 
pattern of outdoor work.  519 

To support heat risk related policy development, the identification and mapping of heat 520 
vulnerability “hot spots” within urban areas has been proposed.15 521 

3.3.3 Agriculture 522 

The impacts of climate change are becoming increasingly evident for the agricultural sector. 523 
Farming activities directly depend on climatic conditions, and farmers are affected by 524 
decreasing rainfall in some regions, as well as sudden heatwaves, droughts, storms and 525 
floods in many regions.  Most global climate models project severe and adverse 526 
consequences, especially for the world’s most food-insecure regions. Without adaptation, 527 
Asia and Africa will suffer particularly severe yield declines by 2030 in important food growing 528 
areas: wheat in South Asia, rice in Southeast Asia, and maize in southern Africa.16 529 

Potential adaptation actions include the use of drought-resistant seeds that allow plants to 530 
survive during periods of drought; intercropping, where several crops are planted in the same 531 
field to help the plants be less susceptible to disease, and precision agriculture, such as the 532 
application rate of fertilizers to accurately reflect the soil requirements of a particular area. 533 

According to the World Bank, a growing and diverse spectrum of practices show that it is 534 
possible to simultaneously deliver higher agricultural productivity, greater climate resilience, 535 
and lower emissions.  For example, nitrogen-fixing trees can help improve soil quality and 536 
raise farmer incomes in Africa’s Sahel, and at the same time also deliver a mitigation co-537 
benefit.17  538 

As farming practices evolve to adapt to climate change, the insurance programs that support 539 
them also have scope to adapt.  Climate scenarios can be applied to augment historic data 540 
for pricing purposes.  Incentives could also be provided through premium discounts to reward 541 
best practices. 542 

3.3.4 Sea Level Rise 543 

Sea level rise poses a distinctive and severe adaptation challenge as it implies dealing with 544 
slow onset changes and increased frequency and magnitude of extreme sea level events 545 
which will escalate in the coming decades.  The ultimate extent of sea level rise is highly 546 
dependent on global mitigation efforts and is susceptible to several tipping points, including 547 
melting of the Greenland and West Antarctic ice sheets and widespread abrupt permafrost 548 
thaw. Responses to ongoing sea level rise and land subsidence in low-lying coastal cities and 549 
settlements and small islands include protection, accommodation, advance and planned 550 
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relocation. These responses are more effective if combined and/or sequenced, planned well 551 
ahead, aligned with socio-cultural values and development priorities, and underpinned by 552 
inclusive community engagement processes (IPCC 2022, C.2.8).   553 

The case study in section 4.1 provides an example of a coastal protection initiative in 554 
Barbados.  This project has been deemed a success, although it is recognised as a short to 555 
medium term solution, with further adaptation likely to be required in the longer term.  556 

3.3.5 Water-Related Risks and Impacts 557 

According to IPCC (2022), adaptation to water-related risks and impacts make up the majority 558 
of all documented adaptation.  For inland flooding, combinations of non-structural measures 559 
like early warning systems and structural measures like levees have been implemented. 560 
Enhancing natural water retention such as by restoring wetlands and rivers, land use planning 561 
such as no build zones or upstream forest management, can further reduce flood risk. 562 

On-farm management, water storage, soil moisture conservation and irrigation are some of 563 
the most common adaptation responses to drought risk. Irrigation needs appropriate 564 
management to avoid potential adverse outcomes, however. (IPCC, 2022 C.2.1).  565 

The case study in section 4.2 provides an example of a response to diminishing water supply 566 
from the Cauvery river in India, illustrating the potential for nature-based solutions. 567 

3.3.6 Supply Chains 568 

Climate change will have a profound impact on global supply chains18.   569 

For example, the droughts in Europe in 2022 exposed the vulnerability of European supply 570 
chains reliant on river transport, for which there is no easy alternative as river levels fall due 571 
to drought. The typical short-term response is partial loading of vessels or running more 572 
journeys with smaller ships. This exacerbates emissions, especially as low water levels mean 573 
more resistance and higher fuel use. Longer term solutions will be required in order to adapt 574 
to the changing climate.19  Longer term measures which may need to be considered20 include 575 
changes to ship construction and operation, forecasting systems, logistic chain adjustments, 576 
and river training measures. River training measures, such as longitudinal dykes or sediment 577 
management, need to be planned in accordance with the site-specific characteristics of the 578 
different sections of the river.  579 

Two main strategies that can be used to manage supply chain risk and disruption and build 580 
resiliency are bridging and buffering.21  Bridging involves the buying organization taking action 581 
to help build up the capacity of its suppliers to manage through and recover from disruptions. 582 
Buffering involves the buying organization taking action to protect itself from the 583 
consequences of supplier failures.  584 

Bridging may include coordination on risk awareness and planning, providing financing or 585 
expertise and strengthening the buyer-supplier relationship.  However, no matter how resilient 586 
a supplier is, supply disruptions may occur due to climate-related risk, so buffering strategies 587 
are likely to be required. Buffers to improve a company’s supply chain resilience to climate 588 
change risks could include holding more inventory or developing excess or back-up capacity 589 
that either lowers the impact of a disruption or improves the ability to recover from disruption.   590 

As the Covid-19 pandemic has shown, building supply chain resilience is valuable in reducing 591 
disruption stemming from a broader range of risk events than climate-related ones. 592 
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3.4 Learning from Experience 593 

The above examples emphasize the importance of developing and maintaining resilience in 594 
the climate-related risk adaptation process. More generally, similar areas with prior exposure 595 
to climate-related events, while continuing to witness an increase in the frequency, severity 596 
and duration of extreme weather in the future, may over time have built better tolerance to the 597 
consequences of such events and therefore bounce back more rapidly. Their higher resilience 598 
will likely lead to better preparedness for their next similar adverse situation. In contrast, other 599 
areas that have not previously been exposed to extensive climate-related risks may lack 600 
sufficient knowledge and experience and may not adequately prioritize adaptation action. 601 
Their limited experience and adaptive capacity may thus expose them to more severe losses 602 
and damages. 603 

3.5 Managed Relocation 604 

Some locations may not be able to adequately manage the losses from persistent severe 605 
weather events or temperature extremes. Managed relocation may need to be considered in 606 
those situations.  Over the last 30 years, around 1.3 million people globally have relocated 607 
through strategic managed relocation.22  608 

A cost-benefit analysis over the long term shows managed relocation can provide better value 609 
than other resilience options and planning frameworks should be advanced for this purpose. 610 
However, the affected populations must be sufficiently engaged, and their awareness of risks 611 
raised, for relocations to be successful.  612 

4 Case Studies 613 

4.1 Case Study #1 – Barbados – Southwest Coast Boardwalk 614 

4.1.1 Background 615 

The coastal zone of Barbados is the country’s main economic asset. It consists of sandy 616 
beaches, fringing reefs and other coastal ecosystems distributed along 97 km of shoreline. It 617 
supports a tourism industry that, in 2008, accounted directly and indirectly for 39% of Gross 618 
Domestic Product (GDP).23 Due to its location, Barbados is moderately exposed to hurricanes 619 
and tropical storms. The country is also highly susceptible to (1) coastal beach erosion along 620 
the west and south coasts and (2) cliff instability along the east coast (Scotland District), 621 
either from storm events or from ongoing processes such as shoreline sediment transport 622 
and soil and rock slippage. Also, as more than 50% of Barbados’ population of 276,000 and 623 
95% of the tourism related physical plant and other critical infrastructure are concentrated in 624 
or near the coastal zone, coastal risk is high. 625 

A study on Indicators of Disaster Risk and Risk Management, conducted by the Inter-American 626 
Development Bank (IADB) determined that for the year 2008, the probable maximum losses 627 
that Barbados could suffer as a result of a catastrophic (hurricane or earthquake) event with 628 
a return period of 100 years (10% probability of occurrence in ten years) amounted to USD 423 629 
million, or 11% of GDP.24 Climate change is affecting and has the potential to severely modify 630 
the above climate-related risk profile of Barbados by altering the frequency and severity of 631 
existing coastal hazards, as well as generating new hazards such as sea level rise. In addition, 632 
deteriorating water quality associated with effluent discharges in nearshore waters has 633 
resulted in significant mortality rates of coral reefs, which provide a natural barrier against 634 
wave erosion and produce sand that nourishes beaches. In 2008, estimates indicated that 635 
over 80% of Barbados’ fringing reefs had deteriorated.25 Since shoreline restoration through 636 
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natural sand production is a slow and costly process, the solution to shoreline instability in 637 
the short to medium term is the construction of shoreline stabilization structures that are 638 
sustainable and hazard resilient.  639 

4.1.2 The Rockley to Coconut Court Component of the Barbados Coastal Infrastructure 640 
Project 641 

In 2008, the Barbados government directed each ministry to assess their risks and 642 
vulnerabilities from a changing climate. The Coastal Zone Management Unit (CZMU) 643 
identified a number of critical projects for adaptation to climate change and the South Coast 644 
Boardwalk project of 2008 was the first large-scale project to be implemented. 645 

The following corresponds to the adaptation risk management process shown in Figure 3: 646 

I. Obtain data / information 647 

At the start of the project, much of the project area was characterized by run-down and semi-648 
derelict properties. The structures on the seafront frequently consisted of vertical walls, 649 
including property and low boundary walls that were historically constructed in the active 650 
beach zone, too close to the shoreline.  651 

CZMU had already been monitoring the stretch of beach and noticed the loss of beachfront in 652 
certain areas, undercut areas, severely reduced use of areas resulting in people walking on the 653 
road and closure of businesses. 654 

They undertook many studies to understand the shoreline and used the following decision 655 
criteria for positioning possible beaches and headlands: 656 

• Technically feasible  657 

• Acceptable with respect to environmental impacts 658 

• Legally viable with respect to land ownership 659 

• Cost viability  660 

• Construction access 661 

• Public access proximity (parking, washrooms, vendors), and 662 

• Compatible with adjacent land use. 663 

II. Assess/model 664 

The proposed layout of the works for the Rockley to Drill Hall frontage had been developed 665 
based on a study of oceanographic conditions and an assessment of their impact on the 666 
sediment transport dynamics and beach stability along the southwest coast. The scheme was 667 
designed to be coordinated with the existing coastal structures, thereby minimizing both 668 
environmental impacts and capital costs.  669 

The deep water and nearshore wave climates were defined through the application of 670 
numerical models of waves generated throughout the North Atlantic, hurricane wave and 671 
surge modelling and wave transformation modelling. 672 

Numerical simulations were completed to determine the erosion potential of sand beaches 673 
based on two key factors: wave height (and water level) and beach width (wider beaches lose 674 
sand faster). 675 

A range of different solutions was tested, and it was determined that a headland-beach 676 
concept (where a number of concrete headlands would be constructed, and sand placed 677 
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between them) would relatively effectively retain the beaches with a 30% loss projected over 678 
a 20-year period after construction.   679 

Figure 5: Example of Headlands 680 

 

III. Plan 681 

The final plan consisted of 5 headlands, projection into sea of 20 to 25 m, a land base for 682 
amenities of 250 to 500 m2 and a perimeter design similar to a structural promenade. The 683 
headlands were built with granite revetments and were designed to withstand a 1 in 50-year 684 
event. It was considered too costly to design for a 1 in 100-year event. 685 

IV. Finance 686 

The contract cost for the original scope of works was USD 9.2M.  Additional works were 687 
implemented at a cost an additional USD 2.5 million. The project was largely funded by the 688 
IADB. 689 

V. Implement avoidance/ reduction/ transfer 690 

The project commenced July 2007 and was completed in December 2008. The original 691 
estimated time was 6 months; however, unfavorable sea conditions, stakeholder interventions 692 
and an increase in scope of works extended the project by 12 months. 693 

VI. Monitor 694 

A clause in the project loan agreement required annual maintenance inspections. Although 695 
this clause expired in 2015, maintenance inspections continue to be undertaken annually and 696 
repairs undertaken as necessary. No beach nourishment has been required since the 697 
completion of the project. 698 

Environmental concerns raised during implementation and monitoring discussions were: 699 

• Adverse impacts on the marine environment from construction 700 

• Adverse impacts on coral reef and seagrass habitat from construction 701 

• Local erosional effects of coastal infrastructure, and 702 

• Cumulative effects of sand trapping by groynes on erosion of the downstream turtle 703 
nesting and recreational beach. 704 

Despite these concerns, the project has been considered a success. It has become the model 705 
for other successful coastal reconstruction on other parts of the island and around the world. 706 
While this coastal reconstruction is a short to medium-term solution, it does not solve the 707 
underlying issues of deteriorating near-shore water quality and the mortality of coral reefs. 708 
Possible long-term adaptation strategies would include investments in solutions such as 709 
island-wide sanitation and drainage improvements and perhaps the relocation of homes and 710 
businesses to a safe distance away from the coast. 711 
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Figure 6: Before and After Photos 712 

 
Looking North 

 
Looking South 

Photos Courtesy of Antonio Rowe, Deputy Director of CZMU. 713 

4.1.3 Actuarial Implications 714 

This case study illustrates the importance of properly considering the effects of climate 715 
change and possible adaptation measures for Barbados, its land, beaches, people, structures, 716 
economy. Addressing these issues requires their inclusion in risk management and scenario 717 
analysis in both the public and private sector. It also requires cooperation and partnership 718 
among all stakeholders to minimize protection gaps. Actuaries have strong roles to play not 719 
only within insurers and pension plans but also in providing advice on these matters to 720 
governments. 721 

4.2 Case Study #2 – India – Cauvery River 722 

4.2.1 Background 723 

The Kaveri or Cauvery (Anglicised version) is a major Indian river flowing through the states 724 

of Karnataka and Tamil Nadu. The Cauvery river rises in the Western Ghats at an elevation of 725 

1,341m above mean sea level and flows for about 800km before its outfall into the Bay of 726 

Bengal.26 The Cauvery is rain fed and is heavily dependent on both the south-west and north-727 

east monsoons. 728 
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Figure 7: Path of River Cauvery through the States of Karnataka and Tamil Nadu. 729 

 
By NaanCoder - Own work, CC BY-SA 3.0, 730 
https://commons.wikimedia.org/w/index.php?curid=30636315 731 

 
The Cauvery provides water for irrigation, household consumption and the generation of 732 
electricity. The river has supported irrigated agriculture for centuries and served as the 733 
lifeblood of the ancient kingdoms and modern cities of southern India. Access to the river's 734 
waters has pitted Indian states against each other for decades. The Cauvery’s delta is thickly 735 
populated and is frequently affected by tropical cyclones formed in the Bay of Bengal. 736 

The river basin covers 81,155 sq km and is reported to have an average discharge rate of 677 737 
m3 per second. Approximately 540 million litres of water per day is diverted from the Cauvery 738 
to provide drinking water to Bangalore some 100km away. 739 

The health of the Cauvery and its interdependent natural and human systems are facing 740 
severe challenges, due to both human actions and to climate change. This case study 741 
illustrates the complexity of the issues faced by this river system and a promising project 742 
focused on adaptation. 743 

4.2.2 Water Sharing 744 

For many decades the states through which the Cauvery flows have battled over the sharing 745 
of the river. Finally, in 2018, the Supreme Court made a determination as to how the water 746 
would be shared and established the Cauvery Water Management Authority (CWMA) to 747 
address the ongoing dispute between the states. A subsidiary Cauvery Water Regulation 748 
Committee (CWRC) was also formed to monitor water management on a day-to-day basis, 749 
including the water level and inflow and outflow of reservoirs in all the basin states. 750 

4.2.3 Rainfall 751 

Since the Cauvery is rain fed, changes in rainfall have a significant effect on the flow or 752 
discharge rate of the river. In turn, reservoir levels, water for crops and human consumption 753 
and possibly hydro-electricity are all impacted. For example, in August 2003, inflow into 754 
reservoirs in Karnataka was at a 29-year low, with a 58% shortfall. Similarly, after the weak 755 
2016 monsoons, the reservoir levels were again at record lows. 756 

https://commons.wikimedia.org/w/index.php?curid=30636315
https://en.wikipedia.org/wiki/South_India
https://en.wikipedia.org/wiki/States_and_union_territories_of_India
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Variations in rainfall (e.g., varying strength of the monsoons – both from the southwest and 757 
northeast monsoons) have had a significant effect on reservoir levels from year to year. 758 
Further, it is reported that there is a trend towards fewer rain days but heavier downpours 759 
leading to greater instances of flooding, landslides and soil erosion. The longer time between 760 
rains is making it more difficult for farmers to raise their crops. In recent years, poor rainfall 761 
has meant that the Cauvery may run dry before reaching the sea. 762 

Figure 8: Dry Venar River, a Tributary of Cauvery in Thiruchirapalli District 763 

 
Former Public Works and Irrigation Employee A. Deivasihamani showing the dry Venar river, a tributary 764 
of Cauvery in Thiruchirapalli district 765 

The variable nature of monsoons makes India one of the most vulnerable regions to water-766 
related disasters associated with climate change and extreme weather events. 767 

4.2.4 Pollution 768 

The Cauvery has been affected by increasing levels of agricultural run-off as well as untreated 769 
waste that empties directly into the river.  770 

4.2.5 Soil Erosion and a Promising Adaptive Measure 771 

In the last 20 years there has been a 28% reduction in forest cover along the banks of the river 772 
due to the intensification of farming, as well as urbanization along the river. In turn this has 773 
resulted in reduced levels of water retention by soil near the river, flooding and soil erosion. 774 

The preservation and rebuilding of forests in the Cauvery watershed can be an effective 775 
adaptation measure by reducing the effect of floods and droughts, while recharging 776 
groundwater. 777 

In response to the need to revitalize the Cauvery River, the Isha Foundation launched a 778 
movement “Cauvery Calling”27 in 2019 based on the “tree-based agriculture” model. The plan 779 
is to plant 2.42 billion saplings in the Cauvery River basin over a period of 12 years with a view 780 
to helping 5.2 million farmers to bring 1.61 million hectares under green cover.  781 

The tree saplings are crowdfunded, where anyone can sponsor a tree sapling by donating INR 782 
42 (USD 0.50). These saplings are planted on the land of participating farmers. This removes 783 
the constraint of scaling up green cover due to limited forest lands. 784 

The other advantage of adapting using a tree-based agriculture model is that, compared to 785 
cash crops like paddy and sugarcane, trees are more resilient to the extreme climates of 786 
excess rainfall and drought. Trees also help in improving soil quality, replenishing 787 
groundwater by making the soil permeable and revitalizing the Cauvery. 788 
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4.2.6 Actuarial Implications 789 

This case study tells the story of a river system that millions of people depend on for drinking 790 
water, hydro-electric power, irrigation for farming etc. It appears that the river can no longer 791 
deliver 100% of the needs of all who wish or need to use its waters. All must share in the 792 
necessary decisions and compromises in order to avoid unnecessary adverse shortfalls to 793 
one group of water users over another. This case study strikes a note of optimism that 794 
adaptation measures can make a difference and, if acted on at a sufficient scale (and in 795 
combination with other relevant adaptation activities), they can improve the situation for all 796 
who use the river.  797 

Actuaries can be of assistance in advising riverine stakeholders such as governments on the 798 
collective issues being faced, the impact of further climate change, the favorable effect of 799 
adaptation and the risks of inaction. Applying actuarial skills in risk management, health care, 800 
mortality, losses, damages, economics, scenario analysis, insurance products etc., actuaries 801 
can advise key stakeholders on the various risks and opportunities involved so that vulnerable 802 
populations are protected, and the costs of climate change are shared among a variety of 803 
public/private partnerships. 804 

4.3 Case Study #3 – Canada – The Cost of Climate Adaptation (IBC Report 2020) 805 

4.3.1 Background 806 

This case study presents a Canadian report28 which highlighted the costs of climate change, 807 
adaptation measures and the economic imperative to take advantage of the benefits of 808 
adaptation. Published in February 2020, the Federation of Canadian Municipalities (FCM) and 809 
Insurance Bureau of Canada (IBC) commissioned Green Analytics to establish a credible 810 
estimate of the investment in municipal infrastructure and local adaptation measures needed 811 
to reduce the impacts of climate change in Canada. 812 

4.3.2 Summary of IBC/FCM Report 813 

According to the IBC/FCM report, in the past decade, climate adaptation in Canada has 814 
progressed from research to public engagement, to actions to reduce the impacts of climate 815 
change. All levels of government have developed climate change adaptation strategies and 816 
are investing in specific adaptation measures. The IBC/FCM report established the first 817 
credible estimate of the investment in municipal infrastructure and local adaptation and 818 
disaster mitigation measures needed to reduce the impacts of climate change in Canada.  819 

The report identifies that municipalities, as the owners and operators of 60% of the public 820 
infrastructure in Canada, are on the frontlines of both the impacts of climate change and the 821 
solutions to protect Canadians. However, municipalities cannot shoulder the cost of adapting 822 
to climate change alone. The report notes that climate change adaptation is a shared 823 
responsibility among all levels of government and will require a long-term commitment to 824 
action.  825 

According to the report’s findings, “avoiding the worst impacts of climate change at the 826 
municipal level will cost an estimated CAD5.3 billion per year, or equivalent to 0.26% of 827 
Canada’s GDP. Studies have shown that investments in resilient infrastructure have a return 828 
on investment of $6 in future averted losses for every $1 spent proactively.” 829 

4.3.3 Preparation of Estimates 830 

Adaptation cost estimates were collected for a variety of communities across Canada. As 831 
detailed in the IBC/FCM summary document29, “the estimates were based on vulnerability and 832 
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risk assessments done at the local level, usually by a municipality. The adaptation cost 833 
estimates were adjusted to allow them to be compared between communities and added up 834 
at the national level. For each location, the estimates in the database included location, such 835 
as province or territory; infrastructure type, such as buildings, green infrastructure, roads and 836 
water treatment; and climate-related risks, such as drought, erosion, flood, heat wave and 837 
wildfire.” 838 

The final database contained 414 adaptation cost estimates for 34 communities across the 839 
country. For each community, gross domestic product (GDP) values were added to the 840 
database. The cost of adapting to climate change was then determined relative to the size of 841 
the local economy, expressed as a percentage of local GDP. 842 

This analysis determined that an average annual investment in municipal infrastructure and 843 
local adaptation measures of CAD5.3 billion (see Table 1 below) would be needed to adapt to 844 
climate change. 845 

Table 1: Estimate of the Annual National Level of Investment in  846 
Adaptation at the Local Level 847 

 848 
Source: Insurance Bureau of Canada and Federation of Canadian Municipalities, February 2020, The-849 
Cost-of-Climate-Adaptation-Report-EN.pdf (ibc.ca) 850 
 851 

Given the scale of the long-term cost of adapting to climate change, the report finds that 852 
public funding may need to be leveraged by new forms of private capital.  853 

The report’s summary document30 identified that: 854 

• Flood, erosion and permafrost melt are associated with the highest adaptation cost to 855 
GDP ratios of 1.25%, 0.12%, and 0.37% respectively.  856 

• From an infrastructure perspective, buildings, dikes and roads require the greatest 857 
investment in adaptation with cost to GDP ratios of 2.01%, 1.18%, and 0.47% 858 
respectively.  859 

• From a regional perspective, Canada’s East at 3.20% and North at 0.37% have higher 860 
ratios. The four highest costs as a percentage of GDP in the database are coastal 861 
communities in Eastern Canada. 862 

4.3.4 Sharing the Costs of Climate Change 863 

The report notes that insured losses only account for a portion of the full costs attributed to 864 
catastrophic weather-related events. Further, the report states: 865 

• that an accepted standard for capital losses is for every dollar of losses borne by 866 
insurers in Canada, $3-$4 are borne by governments, households and businesses; 867 

http://assets.ibc.ca/Documents/Disaster/The-Cost-of-Climate-Adaptation-Report-EN.pdf
http://assets.ibc.ca/Documents/Disaster/The-Cost-of-Climate-Adaptation-Report-EN.pdf
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• this sharing of costs varies depending on the type of catastrophic event. For example, 868 
insurance policies are less likely to cover flood protection compared with fire protection; 869 
and  870 

• the spread of losses borne by governments, households and businesses would be even 871 
greater if indirect costs were included. 872 

Figure 9, extracted from the report, provides an example of the additional costs associated 873 
with uninsured losses from catastrophic events, illustrating the insurance protection gap by 874 
type of damage. 875 

Figure 9: Catastrophic Losses from Natural Disasters, 876 

1980-2016 (Values in US$2016) 877 

 878 
Source: Insurance Bureau of Canada and Federation of Canadian Municipalities, February 2020, The-879 
Cost-of-Climate-Adaptation-Report-EN.pdf (ibc.ca) 880 

Also from the report, Table 2, shows the cumulative natural disaster-related losses split into 881 
those covered by federal Disaster Financial Assistance Arrangements (DFAAs), insured losses 882 
and those outstanding (i.e., not covered). Importantly, 37% of losses are not covered by 883 
insurance, resulting in a potential burden on the various levels of government and taxpayers 884 
generally. 885 

Table 2: Cumulative Losses, DFAA and Insurance Payments 886 

(2005-2014)($Millions 2024)887 

 888 

http://assets.ibc.ca/Documents/Disaster/The-Cost-of-Climate-Adaptation-Report-EN.pdf
http://assets.ibc.ca/Documents/Disaster/The-Cost-of-Climate-Adaptation-Report-EN.pdf
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4.3.5 Benefits of Climate Adaptation 889 

The report cites various studies, in Canada and abroad, of the benefits of adaptation actions 890 
to reduce the future costs of climate change. 891 

The report includes the following observations: 892 

• The 2016 [Canadian] Office of the Auditor General’s report on federal government 893 
support for mitigating the effects of severe weather…[cites] Public Safety Canada’s 894 
estimate that every dollar invested in mitigation in Canada saves $3 to $5 in recovery 895 
costs.31 896 

• In 2017/2018, the US National Institute of Buildings Sciences looked at the results of 23 897 
years of federally funded mitigation grants provided by the Federal Emergency 898 
Management Agency (FEMA), U.S. Economic Development Administration (EDA) and 899 
U.S. Department of Housing and Urban Development (HUD) and found mitigation 900 
funding can save the nation $6 in future disaster costs, for every $1 spent on hazard 901 
mitigation.32 902 

• The NRTEE33 (2011) found that adaptation strategies are cost-effective ways to reduce 903 
the economic impacts of climate change ranging in a benefit-to-cost ratio of 38:1 under 904 
a high climate change, high growth scenario, to 9:1 under a low climate change, slow 905 
growth scenario. In coastal areas, for example, prohibiting new construction in areas at 906 
risk of flooding as well as undertaking strategic retreat…, reduces the costs of climate 907 
change to only 3-4% of what the costs would have been without adaptation. The NRTEE 908 
also found that the cost to build a new house, bridge or transmission line that is adapted 909 
to climate change for its lifecycle only adds 0-5% to the construction costs. This is 910 
significantly cheaper than retrofitting buildings or restoring or rebuilding infrastructure 911 
post-damage. 912 

4.3.6 Actuarial Implications 913 

Based on this case study, actuaries can contribute to the greater recognition and use of 914 
adaptation measures through, for example: 915 

- Fostering greater use of public/private partnerships to reduce protection gaps, make 916 
effective use of insurance mechanisms and reduce the fiscalization of climate costs; 917 

- Gathering data and research on the costs and benefits of various adaptation measures; 918 

- Ensuring that their clients’ risk management incorporates climate-related risk expertise, 919 
including with respect to the benefits of adaptation measures; 920 

- Assisting stakeholders in understanding the uncertainties involved in modelling climate-921 
related risks including adaptation responses; 922 

- Advising governments on the benefits of adaptation for public infrastructure. 923 

5 Further Considerations 924 

5.1 Cascading and Compounding Risks 925 

The very dynamic nature of climate change creates an environment where multiple climate 926 
hazards can occur simultaneously and interact with other non-climate-related risks, resulting 927 
in compound effects and cascading risks.  Cascading risk is when a primary event (trigger), 928 
such as heavy rainfall or rapid snowmelt is followed by a chain of one or more other events, 929 
such as consequential flooding or landslides. Compounding risk represents a combination of 930 
events that occurs at the same time.  Both types of risks lead to impacts that are more severe 931 
than if they had occurred separately. 932 
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An example of compounding risk is the concurrence of heatwaves and severe droughts in 933 
Europe in recent years. In Summer 2022, the combination of evaporation due to a series of 934 
heatwaves and the severe lack of rain resulted in water levels falling to extremely low levels 935 
in rivers and lakes.  This, in turn, led to significant supply chain disruption as described in 936 
section 3.3.6, while several nuclear power plants were forced to reduce output because river 937 
temperatures were too high to cool the plants.  The consequences for both supply chains and 938 
power generation were exacerbated by Russia’s war on Ukraine, the consequences of which 939 
were and are severe in themselves.  940 

Cascading risks can be especially dangerous, with broad inter-related and severe 941 
consequences that can affect a wide range of businesses and individuals. These may incur 942 
significant losses in geographic and by population segments particularly exposed and 943 
vulnerable to them. 944 

Further, climate-related risk drivers may also exacerbate non-climatic risk drivers. As an 945 
example, many health-related risks can be exacerbated by climate change, especially 946 
affecting those with a higher baseline sensitivity for health degradation, including the elderly 947 
and those with chronic conditions. Given demographic trends, this health impact will be 948 
further compounded by an increase in those vulnerable populations.  949 

As noted earlier in this paper, potential tipping points (i.e., discontinuities in the rate of climate 950 
change) such as permafrost melting, sea-ice loss, or massive forest dieback are becoming 951 
more likely and can further complicate the assessment of climate-related risks. 952 

5.2 Systems Thinking 953 

The complexity and uncertainty of climate-related risk means that adaptation strategies need 954 
to be developed using a systems thinking approach (for more on this, see Paper 3 in the IAA 955 
Climate-related risk series, Climate-Related Scenarios Applied to Insurers and Other Financial 956 
Institutions, which includes a chapter on systems thinking34).  This will provide the tools to 957 
address the many inter-dependencies and potential consequences of alternative pathways 958 
over the short, medium and longer term.  959 

5.3 Maladaptation 960 

There are consequential risks associated with both failing to adapt and maladaptation.  For 961 
example, entities that eschew adaptation may face legal and reputational risk.  As climate-962 
related disclosures become required, inaction may become evident (for more detail on 963 
emerging disclosure requirements, see Paper 5 of the IAA series on climate-related risk: 964 
Climate-Related Disclosures and Risk Management: Standards and Leading Practices35).  965 
While, in terms of ESG investing, the investor community is currently focused more on 966 
mitigation than adaptation measures, over time entities that fail to adapt may be categorised 967 
in a manner similar to those that have not done their share in reducing emissions. 968 

Maladaptation may lead to legal or reputational risk. This may occur when climate change can 969 
be observed and stakeholders respond too quickly, planning in ways that lock in development 970 
trajectories that give rise to adverse outcomes over a longer term, increasing rather than 971 
reducing vulnerability to climate change. Maladaptation may also shift one group’s climate 972 
problems onto another; for example, a city that lies next to a river could apply an adaptation 973 
technique upriver from it, which causes a flood in a neighboring city.  974 

For example, irrigation helps stabilise and increase crop yields and is often a preferred 975 
strategy for farmers and policymakers for risk reduction. However, irrigation can also be 976 
associated with a range of adverse outcomes, including groundwater over-extraction. In 977 
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addition, large scale irrigation can also affect local to regional climates, both in terms of 978 
temperature and precipitation change. 979 

Insurance can inadvertently foster maladaptation. For example, if farmers are insured without 980 
proper incentives (such as reasonable deductions or co-payments) for crop failures, they may 981 
fail to adapt their planting approach with future climate resilience in mind, with the result being 982 
that insurance becomes unaffordable or unavailable. 983 

5.4 Vulnerable Populations 984 

Significant questions of social justice may arise in conjunction with adaptation solutions, 985 
noting that socially marginalized groups often experience disproportionate exposure to risk 986 
and affordability problems. Some approaches can be designed to benefit those who are 987 
vulnerable, such as well-placed (relative to those without air conditioning) public cooling 988 
centers in areas subject to extreme heat conditions.  989 

For example, a recent U.K. assessment of future flood risk found that those living in deprived 990 
areas, as measured by income distribution, will suffer disproportionately as flood risk 991 
worsens.  Another study showed how in Phoenix (America’s hottest large city), neighborhoods 992 
in the lowest 10 percent of income distribution are on average 2.5°F hotter than those in the 993 
top 10 percent.   994 

5.5 Coordinated Action 995 

Multiple stakeholders are inevitably involved in adaptation efforts, including governments, 996 
regulators, communities, businesses, and households, at global, national, state/provincial and 997 
local levels. Actions pursued by certain stakeholders may have unintended consequences for 998 
others. The pathways for adapting, for example, residential insurance products offered in a 999 
particular jurisdiction, may be affected by actions taken by national and local governments. 1000 
These have many interdependencies that need to be recognized in relation to such adaptation 1001 
tools as building codes, flood and fire defenses, and disaster management.   1002 

Greater coordination and engagement across levels of government, business and community 1003 
serves to move from planning to action and from reactive to proactive adaptation (IPCC 2022, 1004 
TS.E.5.3).  1005 

Insurance companies can potentially partner with government, states and communities to 1006 
establish appropriate regulatory frameworks to promote, for instance, land use planning, 1007 
building codes and early warning and emergency response systems.   1008 

As of 2022, according to a WHO report, half of the countries globally are not yet protected by 1009 
multi-hazard early warning systems.36 1010 

The investor community can leverage climate-related disclosures to apply pressure on 1011 
corporations to pursue adaptation, as well as to reduce emissions. These disclosures should 1012 
be prepared in a consistent manner with the help of regulators and their advisors. Overcoming 1013 
data and information issues, as described earlier, needs to be given high priority to make these 1014 
disclosures meaningful and useful. 1015 

The use of the detailed risk analyses developed in conjunction with insurance and risk transfer 1016 
approaches can both raise awareness and provide valuable information to channel risk 1017 
reduction efforts.  By providing a price for these risks, insurance can promote incentives for 1018 
investing in adaptation and encouraging behavior that reduces exposure and vulnerability. 1019 
This can be enhanced by applying underwriting restrictions or premium discounts. 1020 

Financing the costs and benefits of adaptation may fall to different stakeholders and over 1021 
different time horizons. Governments, business, asset owners, service providers and users 1022 
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need to consider both the costs and benefits of adaptation, weighted in a broader context of 1023 
space and time. Actuaries can support policy development by helping to develop frameworks 1024 
to quantify and assess direct and indirect costs and benefits, identifying those that are indirect 1025 
and the uncertainties involved.  1026 

The World Bank Group's Action Plan on Climate Change Adaptation and Resilience points to 1027 
estimates of additional needs for adaptation that range from USD30 billion to USD100 billion 1028 
a year by 2030.  It points to public-private partnerships (PPPs) as a key approach to finance 1029 
adaptation.37 The private sector can potentially contribute new systems and technologies for 1030 
adaptation as well as financing, the public sector can provide the required institutional 1031 
frameworks, while risk can be shared between the public and private parties. 1032 

As discussed earlier, uncertainty is central to the interdependent risks involved in adapting to 1033 
climate change.  Its impact for any particular adaptation decision depends on factors such as 1034 
the time horizon and reversibility of the decision, the relative importance and severity of 1035 
climate factors for the decision and the costs of buffering the decision against uncertain 1036 
developments.38 As described in Section 2, actuarial risk management techniques can help 1037 
support decision making under conditions of uncertainty. 1038 

6 Actuarial Perspectives and the Role of Insurance 1039 

6.1 Actuarial Perspectives on the Benefits of Adaptation 1040 

In almost all cases, it is more cost efficient to plan in advance for a climate-related event or 1041 
condition, rather than paying for loss recovery afterwards. However, at the same time, it is 1042 
important to note that even if prepared, extreme cases may result in residual risk; therefore, 1043 
being prepared (or even over-prepared) is better than being complacent.  1044 

One of the main benefits of insurance is to provide a financial safety net following an adverse 1045 
event, such as a climate-related shock, enabling people, companies and economies to rapidly 1046 
recover from the shock. Effective adaptation action can enhance resilience by reducing the 1047 
impact of the shock, at the same time as it can reduce insurance premiums.  1048 

It is important, however, to note that even today, a considerable amount of weather-related 1049 
damages and losses are uninsured and left to governments and individuals to bear. The 1050 
increasing severity of storms (wind, rainfall, floods, surges etc.) could place a severe strain on 1051 
insurers, their customers, the vulnerable and governments. Actuaries have an important role 1052 
in helping these stakeholders get the facts, understand the totality of the issues and recognize 1053 
how everyone may be affected. 1054 

The relationship between risk and capital is well known among actuaries. As hazards become 1055 
more adverse and volatile and the predictive capability of historical data diminishes, the 1056 
increasing amount and volatility of climate-related risks can place upward pressure on 1057 
premiums and downward pressure on insurance revenue. As a result, regulators may adjust 1058 
their capital frameworks.39 For companies relying on risk-based models or specific 1059 
parameters based on historical data, increased volatility in actual claims experience or 1060 
financial results can also lead to higher capital requirements.  1061 

Both effective climate adaptation action on the part of its customers and judicious use of 1062 
reinsurance can improve the overall risk profile of an insurer by reducing potential extreme 1063 
losses and their volatility.  This in turn can reduce capital requirements and insurance 1064 
protection gaps and increase underwriting capacity. In other words, climate adaptation could 1065 
offset adverse drivers of insurance premiums, including claim incidence and severity, 1066 
morbidity and mortality.  1067 
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This particularly applies to reinsurers who facilitate the smooth operation of, and provide 1068 
financial backstops to, insurers by bearing greater risks of extensive losses and concentration 1069 
risks due to extreme events. 1070 

Ultimately, climate adaptation can support the long-term availability and affordability of 1071 
insurance coverage, especially in the context of increasing insurance gaps. This is particularly 1072 
relevant in developing and emerging countries, where individuals and governments would be 1073 
left with the risk of further under or no insurance.  1074 

Climate adaptation may provide the stability required to maintain and expand upon certain 1075 
existing insurance and reinsurance markets and public-private partnerships. For example, 1076 
Flood Re, a reinsurance scheme was set up between the U.K. government and insurance 1077 
companies to offer flood cover at affordable rates in high-risk areas until 2040. Efforts to 1078 
promote property flood resilience as a cost-effective way of limiting flood risk have been 1079 
undertaken, while a replacement scheme may be developed before the expiry of the current 1080 
scheme. Moreover, flood performance certificates, like energy performance certificates, could 1081 
help measure a property flood risk and provide actions to be taken. 1082 

The Institute of Actuaries of Australia has published an extensive report examining home 1083 
insurance affordability and socio-economic equity in a changing climate40.  The paper overlays 1084 
each of a low and high emissions scenario of climate change to project what affordability by 1085 
household may look like in 2050.  Under the climate scenarios considered, the majority of 1086 
households will see increases in home insurance affordability pressure, but vulnerable 1087 
households will experience larger increases.  The paper shows that the number of Local 1088 
Government Areas currently facing average premiums of AUD 2,000- 3,000, and higher, are 1089 
concentrated in Northern Queensland but those areas will spread throughout most of 1090 
Queensland, and into New South Wales, as well across Northern Australia, under a low 1091 
emissions scenario. Under a high emissions scenario, nearly all of Queensland, Northern 1092 
Australia and large areas of New South Wales would face significantly higher premiums.  The 1093 
report recommends that investment in resilience measures should be prioritised to address 1094 
home insurance affordability.  It notes that factors such as protective infrastructure, land use 1095 
planning and building codes, access to goods and services, governance, emergency relief 1096 
levels, and clean up, recovery and rebuild, all contribute to resilience. 1097 

6.2 Insurance Mechanisms to Incentivize Adaptation 1098 

Insurance has had a long historical enabling role in society through its underwriting and 1099 
investment activities. The following are key ways in which insurance can contribute to 1100 
improving overall adaptation. 1101 

6.2.1 Education and Communications  1102 

One of the key roles of insurance is to educate and promote risk awareness and action among 1103 
its policyholders.  This can be achieved by sharing knowledge concerning climate-related risks 1104 
and methods of effectively adapting to help reduce or eliminate losses and damages. 1105 
Effective communication with those who are most vulnerable can also help to avoid under-1106 
insurance, when possible, both before and after adverse events occur.  Insurers can also use 1107 
their relationships with policyholders to offer suggestions for improving resilience. 1108 

6.2.2 Premium Pricing and Underwriting  1109 

Insurance can support and encourage risk reduction strategies, for example, by offering lower 1110 
premiums to reward proactive measures aimed at improving resilience.   1111 
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The cost of insurance will vary depending on the underlying risk profile of the insured structure 1112 
or enterprise.  The additional cost of insurance can add significant cost for structures or 1113 
enterprises where needed adaptation measures have not been taken, while in extreme cases, 1114 
the risk may become uninsurable.  This should provide an incentive to optimise adaptive 1115 
actions. However, as previously noted, due to the short-term nature of property and casualty 1116 
insurance policies, the insurance sector is not positioned to offer sufficient incentives for 1117 
proactive adaptation and public policy responses are therefore likely to be needed. 1118 

6.2.3 Develop New Products / Product Features  1119 

Insurers could offer new product features to facilitate adaptation.  For example, extra payouts 1120 
could be provided when homes are damaged to pay for risk-reducing features within the 1121 
rebuild or to rebuild in compliance with stronger building codes (building codes rarely apply to 1122 
existing construction).   1123 

6.2.4 Steer Capital Away from Exposure 1124 

Projects that require large amounts of capital are unlikely to attract investment if they cannot 1125 
obtain insurance to cover exposures that are likely to incur potentially costly damages. As a 1126 
result, to the extent that insurers do not provide insurance cover to projects or companies with 1127 
inadequate adaptive features, they can contribute to greater protection against climate-1128 
related risk. In addition, as important investors of long-term capital, insurers and pension plans 1129 
can steer their capital to companies and projects that follow sound adaptive practice. 1130 

6.2.5 Participate in Broader Adaptation Initiatives 1131 

Insurance can be part of a broader societal response to climate change risk. While insurance 1132 
can help facilitate risk reduction, public policy intervention is likely to be needed to provide 1133 
effective incentives for adaptation.  1134 

Notably, the European Commission is currently funding a EUR 6m research project41 with a 1135 
view to achieving the following outcomes: 1136 

• A set of weather and climate risk insurance products to be used or replicated across EU 1137 
regions and communities. 1138 

• Mechanisms to record, collect and share climate-related risk and losses data.  1139 

• Guidance on insurance pricing that reflect risk reduction measures. 1140 

• Trial innovative risk transfer solutions to deal with climate-induced risk, including 1141 
parametric insurance and insurance of nature-based solutions. 1142 

• Advance public sector modernization when it comes to the demand for insurance 1143 
solutions for climate adaptation. 1144 

• Open up opportunities in the insurance market for cutting edge risk transfer solutions. 1145 

• Reinforced policy frameworks to facilitate the allocation of substantial additional 1146 
national and regional budgets to increase the penetration in the EU of insurance 1147 
solutions to deal with climate-induced risks. 1148 

6.3 Scenario testing and Cost-Benefit Analysis 1149 

Paper 2 (Introduction to Climate-Related Scenarios)42, Paper 3 (Climate-Related Scenarios 1150 
Applied to Insurers and Other Financial Institutions)43 and Paper 4 (Application of Climate-1151 
Related Risk Scenarios to Asset Portfolios)44 of the IAA series on climate-related risk address 1152 
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the application of climate-related scenarios to insurers and other financial institutions.  The 1153 
impacts of climate change need to be considered using scenario projections with and without 1154 
climate adaptation.  1155 

The limitations of current climate models need to be recognized (for example, many climate 1156 
scenarios do not currently account for the costs of population relocation). Users of such 1157 
models need to consider whether an additional overlay is required to reflect their own 1158 
assessment of the effects of key elements in the scenarios and models used. 1159 

Multiple cost-benefit frameworks for quantifying the financial costs and benefits of 1160 
adaptation have been developed to demonstrate the financial value linked to services 1161 
provided by natural infrastructure.45  This focus can be expanded beyond natural 1162 
infrastructure to cover climate adaptation more broadly.  This includes the quantification of 1163 
losses as a result of adaptation implemented before an event compared with losses after 1164 
damages are incurred without prior adaptation.  Actuaries who are already familiar with ex-1165 
ante vs ex-post analysis can contribute their financial evaluations and risk knowledge 1166 
expertise with scenarios. 1167 

Cost-benefit analysis requires credible, useful, and timely climate risk-related data, 1168 
information, and analytical tools and involves the use of models.  Actuaries have often 1169 
developed similar models in other practice areas, the techniques of which can also be applied 1170 
here.  The models can incorporate features of integrated assessment models, although these 1171 
models are more commonly applied in the study of mitigation.  These models incorporate 1172 
estimates and projections of the components of the drivers-to-loss in the climate change loss 1173 
process indicated in Figure 1.  Key characteristics of this process that need to be captured in 1174 
the model include the long-term time dimension and uncertainties involved.  As noted in 1175 
section 1.3.5, the discount rate used in the model may be lower than a market-based discount 1176 
rate, to take account of the social value, externalities and uncertainties involved. 1177 

An example of cost-benefit analysis is a report published in September 2022 by the Canadian 1178 
Climate Institute (CCI). It used new data and research to apply a macroeconomic lens to the 1179 
costs of climate change impacts. The report concludes that the climate threat to the Canadian 1180 
economy is marked by 4 risks: 1181 

1. Climate change is a macroeconomic risk which threatens to significantly undermine 1182 

future prosperity. 1183 

2. Climate change is an affordability risk for households in Canada and especially for 1184 

vulnerable populations. 1185 

3. The Canadian climate is highly climate-sensitive, posing a major risk to businesses 1186 

and investors. 1187 

4. Climate change is a fiscal risk that threatens to upend government spending. 1188 

The report demonstrated that if adaptation is invested in now, many of the ultimate costs of 1189 
climate change can be cut in half.46 1190 

6.4 The Role of Actuaries  1191 

Actuaries will have important roles to play in inter-disciplinary assessment and discussion of 1192 
adaptation actions and their impact on insurance systems, protection gaps, vulnerabilities, 1193 
affordability, insurability and resilience.  Actuaries are also concerned with, for example, the 1194 
design of insurance products and sustainability of the companies offering relevant coverage. 1195 

Actuaries are positioned to address the information needs of various stakeholders, including 1196 
insurance customers, insurers’ owners, management, employees and boards, their 1197 
supervisors, governments and rating agencies. Actuaries can help identify and quantify 1198 
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adaptation opportunities, even without extensive historical data, with a before-and-after 1199 
analysis. 1200 

There are opportunities for actuaries to partner with other direct and indirect stakeholders.  1201 
For example, although it is relatively easy to demonstrate the additional cost of climate-1202 
resilient building construction, for comparative purposes the expected cost and impacts of 1203 
climate change on a less-resilient building code or zoning regulation should be rigorously 1204 
assessed and quantified. This cost/benefit analysis would be expected to use objectively 1205 
developed alternative scenarios developed by relevant experts. 1206 

Collectively, the actuarial profession has a role to play in helping stakeholders better 1207 
understand the consequences and uncertainties of their decisions on implementing actions 1208 
or not acting at all on climate adaptation, leveraging its experience in managing uncertainty 1209 
over long time horizons.   1210 

7 Conclusion  1211 

The best defense against future climate-related risks and damages is to transform systems 1212 
pro-actively to build resilience, by recognizing the adverse effects of climate change and to 1213 
reduce the exposure, vulnerability and inequality that drive disasters and their damages. More 1214 
extensive risk data and information, enlightened policies and products will help to support 1215 
actions taken to reduce losses and damages. 1216 

Given the likely increasing level of climate-related risks, adaptation by government, 1217 
businesses and households will play a key role in reducing exposure and vulnerability to 1218 
climate change. While there is growing evidence of the benefits of early warning systems, 1219 
existing early warning systems remain insufficient (IPCC 2022, 6.3.3) and more extensive 1220 
efforts are needed. 1221 

Adverse outcomes of climate change have already been seen in all continents and most 1222 
countries. They are likely to get progressively worse. Whether looked at through the smoke 1223 
from California’s wildfires that have tinted the sky on the other side of the country, a 1224 
devastating heatwave in India and Pakistan, or in the form of temperature rises of a great deal 1225 
more than 2.0°C in the Middle East, the Arctic and other parts of the world, the impact of 1226 
climate change is already starkly visible. Even with extensive mitigation actions, these types 1227 
of changes will continue to accelerate.   1228 

As outlined in the AR6 WGII report (C.1.2), “At current rates of adaptation planning and 1229 
implementation the adaptation gap will continue to grow. As adaptation options often have 1230 
long implementation times, long-term planning and accelerated implementation, particularly 1231 
in the next decade, is important to close adaptation gaps.” 1232 

An effective comprehensive risk management process will help to reduce losses and 1233 
damages. Without strong risk management and effective adaptation action, losses and 1234 
damages will inevitably continue to increase and adversely affect the globe, particularly its 1235 
poorest and vulnerable populations, creating further poverty traps. 1236 

More effective adaptation-related data and information will enable better risk management 1237 
planning on behalf of both the public and private sector, on both national/community and 1238 
personal levels. Without such data and information, managing climate risk-related uncertainty 1239 
will be difficult and stakeholders will continue to suffer.  1240 

Actuaries can contribute to the design of solutions that will help reduce climate-related losses 1241 
and damages. 1242 
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Developing and enhancing loss models and scenarios and communicating key assumptions 1243 
and uncertainties can help stakeholders better understand the implications for their 1244 
organizations, society and individuals.  Actuaries can collaborate with other professionals in 1245 
risk assessment and other parts of the adaptation risk management process. 1246 

Actuaries can also help design incentives for the private sector to implement solutions 1247 
through such mechanisms as insurance pricing and product design.  They can also be 1248 
involved in the preparation of financial disclosure of risk management actions taken by 1249 
entities toward the identification, quantification and implementation of adaptation actions. 1250 

8 Next Steps 1251 

This paper is the sixth in a series of papers that the IAA Climate Risk Task Force has 1252 
committed to develop. The first five papers in the series are available on the IAA website.47 1253 
The last paper of seven papers planned in this series will address the link between climate-1254 
related risk scenarios and social security.  1255 

A review of existing IAA publications is also planned to identify and address any gaps related 1256 
to climate-related risks. The IAA also plans to refresh the papers in this series periodically, 1257 
given the rapid pace of change in the climate-related risk space. 1258 

The IAA Climate Risk Task Force welcomes and encourages input and involvement in these 1259 
activities. 1260 
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