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Abstract

Climate change and resource depletion are likely to result in unprecedented changes to the economic and social environment in which actuaries work. Whilst there is a mass of scientific and more general literature, the financial implications have received less attention. This Review - hopefully the first in an ongoing series – aims to provide actuaries with summaries of papers relevant to their work and the significant risk management challenges they pose. The Review considers a series of risks that could affect the assets, liabilities and solvency of the world’s financial institutions. Not only are there challenges; there are opportunities for actuaries. Our training in model building, interpreting stochastic model output, managing uncertainty and risk, in understanding the long-term nature of assets and liabilities, the inter-generational transfer of wealth through the discount rate mechanism and deep understanding of insurance put us in an ideal position to contribute to the global policy debate. Yet this initial Literature Review shows that the actuarial Profession’s contribution to this important debate appears so far to have been relatively minimal even in the financial sector. 
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2 Executive Summary

2.1 This is the first of what is expected to be a regular series of literature reviews on sustainability issues. There are three main objectives:-
· To review research into the impact of climate change and the opportunities for actuaries to deal with the financial and economic consequences thereof, with a particular emphasis on the quantification of risk.
· To raise awareness of the implications for actuaries and actuarial judgement posed by resource depletion.
· To foster a dialogue between senior members of the Profession, the academic world and relevant organisations on the significant challenges presented by the issues.
2.2 Out of the many thousands of reports and papers that have been written on climate science, energy and sustainability, the authors have selected around 30 for review. These have been chosen for their particular application to the actuarial profession and, in the main, we have restricted ourselves to those published in recent years. Papers have been reviewed in groups according to their most natural actuarial discipline: Enterprise Risk Management, Finance and Investment, General Insurance, Health and Care, Life Insurance and Pensions, plus a section on climate science. Below is a selection of some key points from the reviews:

	A
Background Science

	1) The first review summarises conclusions from the Intergovernmental Panel on Climate Change’s 4th Assessment Report (AR4), which was published in 2007, as this provides the context for other papers and is the foundation for international government actions. It stated that warming of the climate system is unequivocal, and can be seen from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice and rising global average sea levels. 

	2) In work published since AR4, some scientists have estimated that the sensitivity of the climate to greenhouse gas is higher than the central estimate used in AR4. If this new estimate is correct, then they conclude that atmospheric CO2 will need to be reduced from its current c.385ppm to at most 350ppm, otherwise very large changes will occur. This is set out in Paper 2.

	B
Enterprise Risk Management
Uncertainty in climate change damage

3) Reviews 3, 4 and 7 cover papers which explore the consequences of the uncertainty in the sensitivity of the climate to the warming effect of greenhouse gas, and uncertainty in the damage caused by climate change. They find that the probability distribution for the sensitivity of the climate to greenhouse gas has a fat tail. But models used to date to estimate damages from climate change have tended to ignore this fat tail. Actuaries’ core skills in areas such as modelling long-term risks and in catastrophe insurance might be usefully deployed in investigating these issues.
4) Review 5 covers an early (from 2005) attempt to explore the impact of climate change in general terms upon asset-liability modelling in financial institutions.

5) Reviews 6a and 6b assess papers which look at how natural disasters affect property owners and small businesses. They describe how the insurance industry, in collaboration with governments, can play a leading role in managing these risks.
6) Review 9, from the ABI, estimates the direct financial impact of climate change on the insurance industry, both on an expected loss basis, and on the capital requirement, which is driven by the severity of extreme losses. It may be the first attempt to link climate models with insurance risk models. However, it covers only the impact on insurance claims cost, not the impact on the wider global economy (for example by forced migration caused by changes in zones of vegetation), which could effect the whole economy including insurance.

Resource depletion – the energy crunch

7) Review 8 is of a June 2010 report published jointly by Lloyd’s of London and Chatham House. It covers energy security, particularly regarding what it describes as the forthcoming “energy crunch” caused by a restricted oil supply. The review considers that the possible consequences of restrictions in energy supply identified in the report, might be a recession and/or high inflation, revaluation of asset prices and difficulties in the payment of debt. In the foreward to the report, Lloyd’s CEO Dr Richard Ward comments on the current situation, whereby the effects of the energy crunch have not yet been felt but are coming in the relatively near future. He states that “At this precise point in time we are in a period akin to a phoney war …”.

	C
Economics, Finance and Investment
The economic effect of climate change

8) Review 17 covers the Stern Review, the seminal report from 2006 commissioned by HM Treasury, which evaluated the economics of climate change. The Stern Review argued that strong early action against climate change was justified. It was a pioneering work, one of the first pieces of integrated research to bridge the science of climate change and policy formulation. It had great influence on global climate change policies. Our review - and other papers - draws attention to issues regarding the treatment of the probability distribution for future temperature rises, one of the areas of modelling expertise where an actuarial approach might add value.
9) Review 10 is of another paper which evaluates the Stern Review. Issues of intergenerational equity are pointed out which again are very familiar to the actuaries.
10) Reviews 11, 12, 14 and 15 cover papers and reports which point out the financial implications of the coming stricter regulation of greenhouse gases. Paper 11 (by Goldman Sachs) is a good introduction to the ways that business will be affected by having to reduce emissions. Review 12 takes as its starting point that the International Energy Agency has estimated that the world needs to invest around $1 trillion per annum in the low carbon economy, in order to avoid dangerous climate change. This scale of investment would clearly significantly change the landscape for pension fund investment. Review 14 covers an 88 page report from the US, which is a detailed guide to adopting a sustainable business strategy, in order to maximise long-term shareholder value. It provides 200 real world examples across 20 industry sectors. 
11) Review 16 covers a paper which examines the effect of climate change upon the UK financial sector. Impacts on asset values are split into primary (direct climate impact), secondary (indirect climate impact) and tertiary (the resultant impact on economic variables). While some previous studies have found that the effects of climate change on asset portfolios are likely to be modest, this report finds that these studies have concentrated on primary impacts where exposure is limited. Secondary and tertiary impacts are likely to be much more important. The report also finds that the UK’s financial sector has opportunities, for example, as a leader in carbon finance and as a centre for the world’s insurance industry, which is taking a lead in risk management of climate risks.

The economic effect of resource depletion

12) Review 13 covers a recent paper published by the wholesale broker Tullett Prebon, called “Dangerous Exponentials: a radical take on the future”, plus 5 other items which cover similar issues. The other items include the original “Limits to Growth” study which was published in 1972, and the report “Qualitative Growth” by the ICAEW. The core thesis of Tullet Prebon’s report is that the global economy is in the grip of a “forest of exponentials”. Key indicators, including population growth, energy consumption, cumulative inflation and money supply have turned into exponential “hockey-stick” curves. This forest of exponentials is highly dangerous, because it is not properly understood or managed.
13) The review identifies the issue that if money supply grows at a time when the supply of goods and services is limited due to constraints on energy supply and other resources, then this could lead to problems with inflation and currency stability. Other potential non-financial effects are not covered in this report.

	D
Pensions
14) Reviews 18 and 19 cover reports which look at the extent to which asset managers and pension fund trustees have taken climate change into consideration in their decision-making processes. The general conclusion was that the level of awareness of the impact of climate change is not high. The implication is that in general, both investment managers and advisors could do more to draw the attention of trustees towards these issues.

	E
General and Life Insurance
15) Reviews 20 and 22 cover reports which detail the impact upon and opportunities for the insurance industry, arising from climate change. Report 20 was published by the Chartered Insurance Institute in 2009 and looks at the implications of climate change under two broad headings: mitigation and adaptation. Review 22 covers a paper published in Science in 2005 which deals with the insurance industry’s role in tackling climate change.
16) Review 21 covers the area of micro-insurance, which could be an adaptation mechanism for the populations of developing countries, helping them to recover from adverse events such as droughts. This paper was the product of the Profession’s micro-insurance working party.
17) Review 24 covers the report from the climate change working party, which reported to the 2007 GIRO conference. Work from the climate change working party remains available on the wiki (ongoing work in this area has transferred to the Resource and Environment Group, which has its own wiki). The report summarises the threats and opportunities for non-life companies. Threats include not only increased liabilities from claims across many lines of business, but also damage to asset values, plus increased uncertainty relating to assets and liabilities requiring an increase in capital requirement. Additionally, there is a reputational risk for the industry.

	F
Health and Mortality
18) Review 25 focuses on the health effect of climate change in the UK. The conclusion from the papers reviewed in this section is that in the UK, climate change is likely to exert, over the short to medium term, some downward pressure on mortality rates. Over the longer term, increased heat related mortality may put upward pressure on mortality. However, it is recognised that the impacts of climate change on mortality and morbidity are subject to considerable uncertainty. The Profession would benefit from closer links with researchers in this area. 

	19) Review 26 is of a report which uses citations from 175 different papers on the health impacts of climate change. It provides a global perspective on the implications of climate change, which it considers to be the biggest global health threat of the 21st century. The main health effects are viewed to be the indirect effects, such as food security, water and sanitation, extreme events and population migration. 


	

	The global actuarial dimension

20) We have undertaken a brief initial survey of our fellow actuarial organisations around the world in regard to their work on climate change and resource depletion. There are some significant activities, for example in the USA and Australia, but it seems clear that all of us are still at the early stages in tackling the challenges. Given the global nature of the problem, the authors hope that our profession will increasingly work together.
Concluding remarks

21) Towards the end of this Literature Review we try to identify areas for further research. We also pose a number of questions for discussion, including:

	· Will climate change affect the way in which clients manage and value their liabilities?
· How will it impact on the asset-side of the balance sheet?
· How will the changes alter our valuation methodologies, assumptions and solvency levels?
· Will new business opportunities appear?
· Are actuarial risk models sufficiently robust to incorporate the new and changing environment?


22) The authors also believe that there is a potentially important role for actuaries in contributing to the policy response to climate change and other sustainability issues, and understanding the potential risks and uncertainties. The actuarial profession’s core skills in statistics, modelling and risk are needed in these areas. 
3 Introduction
3.1 Introduction

3.1.1 Climate change and resource depletion are key economic, financial and social issues of our time. There is widespread global acceptance and recognition that action can and should be taken to mitigate against the worst effects of greenhouse gas emissions. There is also a growing body of opinion that we are close to the peak and subsequent decline of global oil production, which could constrain energy availability to the economy. Some credible sources think that the impact of an energy crunch on the global economy could be severe. Through both changes in regulation and changes in the cost and availability of energy, the twin issues of climate change and resource depletion are likely to greatly affect the business environment in which companies operate. 
3.1.2  As actuaries, we need to understand if, and how, these issues will impact the work that we do; the advice that we give our clients; the potential risks that they will incur; and the rewards that they will receive. We need have a clear policy on how we respond to climate change and resource depletion both as a professional body and as individual professionals.

3.1.3 What is most important to actuaries and the Profession is the likely impact on global economic development, the different regional responses to these political and social challenges and the consequential effects on financial markets. The Profession’s self-proclaimed expertise and skill in risk management and our ability “to make financial sense of the future” is likely to be critically examined as our clients are challenged by the risks and opportunities arising from peak fossil-fuel energy, energy security and the impacts of climate change.

3.2 Objective of the Literature Review

3.2.1 There are three main objectives of this paper:-
· To launch the first of what is anticipated to be a regular review of research into the impact of climate change and the opportunities for actuaries to deal with the financial and economic consequences thereof, with a particular emphasis on the quantification of risk.
· To raise awareness of the implications for actuaries and actuarial judgement posed by resource depletion.
· To foster a dialogue between senior members of the Profession, the academic world and relevant organisations on the significant challenges presented by the issues.

3.3 Scope of the Review
3.3.1 The Resource and Environment Group (“REG”) is a member interest group of the Institute and Faculty of Actuaries. It is one of the largest member interest groups with approximately 350 members. 
3.3.2 Some of this member interest group, together with representatives of other professional bodies and interested institutions have formed a committee to guide and co-ordinate the activities of the group.
3.3.3 In turn a sub-group of the committee are the authors of this Literature Review.

3.3.4 The terms of reference of the review are:-

· The review shall cover resource and environmental sustainability issues as they affect areas of interest to the actuarial profession.
· The issues covered shall include (but not be limited to) the following areas:-
· Climate change.
· Other environmental issues, such as loss of biodiversity, fresh water availability.
· The peak and decline of global oil supply (peak oil).
· Other energy issues, e.g. energy security.
· The sustainability of the financial system, including the links between energy use, the financial system and the economy.
· Survey the research done by actuarial professions on sustainability issues globally and provide a short summary of the work carried out.
· Survey literature on sustainability issues where such issues have relevance to the actuaries in their professional capacity.  

· Identify gaps in research areas where there are unanswered questions.

· Select a sample of reports and papers that have most relevance to the actuarial profession.

· Review these papers and provide a summary for each one, covering the key points, particularly from a risk management point of view. The summaries should make it clear why actuaries need to know about the issues covered in order to carry out their professional responsibilities.

3.4 Structure of this Discussion Paper

3.4.1 Climate change is a very emotive issue across many sections of society. However, the fundamental issues confronting actuaries are not directly about the climate science, climate models or the economics. Rather it is about uncertainty and risk. However, it is important to clearly understand what climate change means in the context of this Literature Review. This is discussed in Section 4.
3.4.2 Section 5 briefly discusses at a very high level why climate change and resource depletion are important to actuaries.

3.4.3 One of the features of the global climate change and resource depletion debate is the vast amount of literature that has been published on the subject. In part this is because climate change is an interdisciplinary science; the science is complex and unprecedented. There must be many thousands of papers that have been published on various aspects of the subject. Some of these papers are highly specialised and quite technical (often in areas of little professional interest to actuaries).
3.4.4 This is somewhat of a dilemma for the authors of this paper for several reasons. First, to get a handle on the scope and depth of the papers and reports available; second, where there is disagreement in the literature, to make a judgement as to what is the correct assessment; third to decide what is most directly relevant to actuaries; and fourth, to reduce that list of documents to a manageable number for this Literature Review where an overall total of 33 papers and reports are reviewed. Our review covers both scientific papers and also reports, from organisations such as the Intergovernmental Panel on Climate Change (IPCC) and Lloyd’s of London. We think it is appropriate to cover reports in a review such as this, and this has the advantage of allowing us to cover a broader range of issues than would be possible otherwise.  
3.4.5 REG has a list of approximately 2,000 papers, books and reports that fall within the definition of “climate change and resource depletion”. This bibliography can be viewed here:–

http://resourceandenvironment.pbworks.com/Sustainability-Library 
3.4.6 It has been a challenge to reduce that number to something manageable, practical and which provides a good flavour of the breadth of the issues. We are sure that many readers will feel that we have omitted important papers. This first review is clearly not exhaustive, and we will have the opportunity to focus on additional issues and data sources in subsequent editions.
3.4.7 The authors have wanted to carry out their reviews of papers and reports in a way that is most helpful to actuaries and we felt that this would be best achieved if papers were classified by broad actuarial discipline – Enterprise Risk Management, Finance and Investment, General Insurance, Health and Care, Life Insurance and Pensions. The literature has not been written with these classifications in mind! Nevertheless, the authors have tried to allocate papers to these general actuarial disciplines but it is inevitable that papers span actuarial disciplines. In practice we have considered the economic and investment aspects of life insurance and pensions together, and also the mortality and health aspects together in a separate section.
3.4.8 There is a widely held view that the effects of climate change and resource depletion may have a significant effect on the global economic environment as the economy moves from one driven by high-carbon energy to one driven by low-carbon energy. This would have risk implications for the asset-side of the balance sheet of all the clients that actuaries advise – there seems to be no hiding place from this. Climate change is of course expected to have a major effect on the liability-side for general insurers and to have an effect on the liabilities of other financial institutions, including life insurers, banks and pension funds.
3.4.9 A summary of the current state of climate science is detailed in the review of Papers 1 and 2. These papers, kindly, have been contributed by Dr Stephan Harrison who is Associate Professor of Quaternary Science at the University of Exeter:–

http://geography.exeter.ac.uk/staff/index.php?web_id=Stephan_Harrison
3.4.10 There are some potential impact on the profession’s requirement to discharge its Public Interest Role in the light of the risks posed by the effects of climate change and resource depletion – the issues are briefly outlined in Section 7 for consideration.

3.4.11 Climate change and resource depletion are, by definition, global phenomena that do not recognise geographical or political boundaries. They will potentially affect clients of all actuaries. Section 8 summarises the results of the authors’ preliminary investigations into the activities of other actuarial bodies.

3.4.12 In Section 9, the authors discuss the preliminary “gap analysis” they have undertaken between the published literature and what actuaries may find useful - areas for potential future research are identified.
3.4.13 This Literature Review concludes with a number of general observations and a list of relevant questions that are of interest to actuaries.
3.4.14 Any views expressed in this Literature Review which are not attributed to specific papers are the personal views of the authors and do not necessarily reflect the views of, or are endorsed by, their employers or clients.
4 What do we mean by climate change and Sustainability?
4.1 What do we mean by climate change?
4.2 Climate change, energy availability and security, natural resources shortages, poverty (particularly in developing markets), food and water shortages and other social and environmental crises all have potential to cause shocks to the global political and economic structures that underpin much of our actuarial advice.
4.3 Sustainability – the recognition of finite resources on the Earth whose continued depletion will add further stresses - although by no means a new phenomenon, is yet another important influence.
4.4 All of these pose potential risks and opportunities to asset owners – the future performance of those assets, their liabilities, the risks they perceive (and are willing to take) and consequentially, their solvency levels.
4.5 On a related theme, there is no clear, unambiguous and widely accepted definition of Environmental, Social and Governance (ESG) issues, Socially Responsible investment (SRI), Corporate Social Responsibility (CSR), ethical investment, sustainable investment and so on. Several papers and commentators have attempted to put a framework on the various different investment styles but there continues to be wide differences in interpretation. This may be a contributory factor in the apparent difficulty in deciding whether these investment styles add value to asset owners on a risk-adjusted basis.
4.6 For the purpose of this paper, the authors have decided to restrict their attention to climate change and resource depletion issues (in accordance with its Terms of Reference) in an attempt to eliminate some of the definitional issues surrounding the broader concepts mentioned above. 
4.7 We will be using the definitions adopted in the Intergovernmental Panel on Climate Change (IPCC, 2001) Third Assessment Report "Climate Change 2001":–
· Climate change refers to a statistically significant variation in either the mean state of the climate or in its variability, persisting for an extended period (typically decades or longer). Climate change may be due to natural internal processes or external forcings, or to persistent anthropogenic changes in the composition of the atmosphere or in land use.
· Climate variability refers to variations in the mean state and other statistics (such as standard deviations, the occurrence of extremes, etc.) of the climate on all temporal and spatial scales beyond that of individual weather events. Variability may be due to natural internal processes within the climate system (internal variability), or to variations in natural or anthropogenic external forcing (external variability).

5 Are Sustainability issues Relevant to actuaries?

5.1 Introduction
5.1.1 In Section 6 a brief outline of climate science is set out. It is pointed out that there is a broad consensus among the scientific community that climate change is occurring as a complex process and that it anthropogenic (i.e. man-made).

5.1.2 However, whilst this may represent the majority view, it is by no means unanimous. There is a vocal minority of commentators and public figures – particularly in the US - who either deny that climate change is taking place or deny that it is largely anthropogenic.

5.1.3 What is clear is that a greater number of the policymakers and politicians now believe that the risks and costs of inaction in solving the problem far outweigh the risks and costs of delaying action – “mankind is causing the problem and now mankind will solve it!”

5.2 The characteristics of the solution - Time horizon, lags and inter-generational effects
5.2.1 The lead times are often very long; potentially even longer than the typical long-term view of the actuarial profession. The impacts of the decisions we make now on climate change will start occurring in two or three decades and will last for two or more centuries.
5.2.2 It is a global phenomenon. Climate change does not recognise geographic barriers, regional grouping or political affiliations and systems. Over time its effect will be felt globally albeit in different ways and to different degrees in various regions. It is not possible for any country or region to immunise itself against the effects of climate change – they will have to adapt to the changes in climate that are already built in to the system as a result of previous natural and man-made actions (often made by previous generations).
5.2.3 Climate change and resource depletion are unprecedented events.  We are not able to look at history to understand and determine what the most effective course of action should be. This presents challenges for scientists since the normal traditional scientific process (a combination in some sequence of theoretical development and practical experimentation) cannot be pursued.
5.3 Opportunities and risks in moving to a low-carbon sustainable global economy
5.3.1 In the authors’ view there are at least two very clear opportunities for industry and commerce thrown up by the move from a high- to low- carbon sustainable global economy; and at least five meaningful sources of incremental or new risks:-
· Opportunities – potential positive impacts on industry and commerce
· Increased revenue for companies that are focused on addressing, combating and developing solutions to offset and overcome the effects of climate change.
· New markets and technologies e.g. carbon trading, carbon futures, carbon insurance, sustainable energy technology and technological innovations.
· Risks – potential negative impacts on industry and commerce
· Physical Impact of changes to weather patterns - increased/reduced precipitation, temperature changes, sea levels, increased and stronger storm patterns, etc.
· Carbon Cost - how will the pricing of carbon into the economic cycle impact operating expenses.
· Substitution Risk - investing into early stage low carbon processes which are exposed to rapid technological change; investing into new or existing high carbon businesses; changes to purchasing patterns and consumer rejection of less efficient (and less “green”) products and services.
· Regulation & Litigation - evolution of new legislation and case law which may invalidate certain processes, expose them to litigation or create new class action challenges. It is possible that this activity will be more prevalent in the future than in the past as governments seek to kick start a move from a high to low carbon economy whilst simultaneously seeking to enhance energy security.
· Insurability - location of operating assets and access to cover will increasing become an issue as insurers re-evaluate their risk appetite and desire to provide cover; capital requirements and premium levels.
5.3.2 There is increasing evidence that some investors are beginning to incorporate the potential impact of climate change on their investments, albeit at the margin. There is a growing historical track record in the private and public equity markets of investment in “climate change". Some capital market activity is also evident. There is evidence of corporations taking strategy decisions taking account of, or based on possible changes in the climate. Property investors are beginning to look at energy efficiency – based on solid commercial grounds and governmental regulation – in the day-to-day management of their portfolios. New investment opportunities are slowly emerging perhaps to grow into new asset classes in the future e.g. forestry, carbon trading.

5.3.3 There are sceptics in the realms of science, economics and politics and in some elements of society in relation to the appropriate policy response.
5.3.4 However, it seems increasingly clear that in a world with finite carbon resources that shifts from a high-carbon to a low-carbon economy with relatively lower levels of greenhouse gas emissions and concentrations must happen - albeit the timing and pace of change remain uncertain. This is an enormous challenge affording both opportunities and risks for asset owners:-

· Some commentators believe that this transition will be at least as great as the industrial revolution but needs to take place over a much shorter time span and on a global scale to be effective.
· The investment needed to effect these changes is so large that the public sector seems unable to meet the demands alone – it will also need substantial funding from the private sector.
· Critically, it will affect all companies wherever they are located in the world. Companies will have to examine the risks and rewards to their operations, location, future investment patterns and structure of their supply chains and so on. Financial companies will have to examine the sensitivity of both their assets and liabilities to climate change. Therefore all companies are potentially impacted in some way, both listed and non-listed. A challenge is how to build the macro investment model which captures the entire cycle of the move from a high- to low- carbon economy.
· There is a risk that the dislocation to markets will be significant as many companies modify their modus operandi.
· The measurement and modelling of these opportunities and risks is extremely complex and is clearly going to pose an immense challenge to asset owners, investment consultants and asset managers. As we have pointed out earlier these challenges will be a global phenomenon and are likely to take place over a relatively short space of time, particularly in the understanding and management of the opportunities and risks. It is not yet clear that the investment community has the necessary quantitative tools at its disposal to guide this transition, even if the recognition is there on the part of asset owners to make changes in the strategy and structure of their assets.
5.3.5 Evidence would tend to show that investors and asset owners have generally reacted in a traditional way to the opportunities and risks facing them. Those who have taken action have generally been cautious, diverting a small proportion of their assets into ‘satellite’ portfolios and investing in venture capital or clean energy assets.
5.3.6 The impact of climate change does not seem to have permeated into either fundamental or quantitative research provided by many investment banks and research companies. Given the low number of investors asking their managers about these risks, the lack of pressure from authorities and regulators regarding assessment and disclosure of such risks and the inherent short-termism of the industry, it is probably no surprise that many asset managers have not considered the opportunities and risks of climate change on their existing assets.
5.3.7 The authors believe that there has been a more mixed response on the liability side of the balance sheet. General insurance is by far the most advanced, probably by virtue of the domestic and international risks that many of them underwrite. Other financial institutions – banking, life insurance, pensions and health care seem to be largely unconcerned or uninformed about how their liabilities may respond to changing conditions due to climate change.
5.3.8 There appears to have been little asset/liability modelling analysis undertaken that considers scenarios allowing for the impacts of climate change and consequently few changes in strategy implemented. This is surprising since there is clearly a risk (currently unquantified) to solvency levels of all institutions. Maybe the risk is insignificant but there is little excuse for not having models and/or stress tests to analyse this. Further, determining long-term assumptions allowing for the impacts of climate change, in particular the discount rate, is not an easy exercise and there is an opportunity for actuaries to consider how best to do so.
5.3.9 Whilst there has been considerable coverage in the global media of climate change generally there is clearly an absence of practical information for asset owners as to how to deal with the opportunities and risks. 
5.3.10 There is likely to be a funding gap between what the economists and policy planners assess is required to move to a low-carbon economy and current investment levels.
5.3.11 Many of the points made above are illustrated in the papers we review in the next section.
6 Review of salient literature

6.1 Paper Selection
6.1.1 As explained in Section 3.4, there is an extensive and rapidly growing bibliography on the various aspects of climate change and sustainability. It is impossible to keep track of the daily publication of papers – some relevant to actuaries, others less so.
6.1.2 For the first series of the Literature Review, we have selected a number of papers that we believe will be of particular interest to actuaries working across a variety of disciplines. A list of interesting papers that will be considered for inclusion in future literature reviews is shown in Appendix 1. The authors would welcome further papers to be drawn to their attention for future reviews.
6.1.3 As also mentioned in Section 3.4, there is not a direct mapping between actuarial disciplines and the categories under which climate change and sustainability papers are written. So, in order to make it easier for the profession we have categorised our selected papers by actuarial discipline, as best we can. The categories we have used are Enterprise Risk Management, Economics, Finance and Investment, Pensions, General and Life Insurance and finally Health and Mortality. Initially, a brief summary of the current science is reviewed.

6.1.4 We have selected papers that we hope will be of interest and relevance to members of the Institute and Faculty. It should be recognised that this is not necessarily restrictive for two principal reasons:-

· The clients of many actuaries have international liabilities that are likely to have some exposure to the global effects of climate change.
· The balance sheets of our clients will be influenced by the economic and financial effects of adaptation, mitigation and resource depletion.
Nevertheless, it should be recognised that a slightly different set of papers may form a more effective Literature Review for say, an audience of US or Australian actuaries.
6.1.5 The selected papers are grouped as follows:-
	A
Background Science

	1) Intergovernmental Panel on Climate Change Fourth Assessment Report: Climate Change 
2007 (AR4)

	2) Target Atmospheric CO2: Where Should Humanity Aim?

	B
Enterprise Risk Management

	3) High impact, low probability? An empirical analysis of risk in the economics of climate 
change

	4) Fat Tails, Exponents, and Extreme Uncertainty: Simulating Catastrophe in DICE

	5) Impacts of Climate Change on Financial Institutions' Medium to Long Term Assets and 
Liabilities

	6) 
a.
Managing catastrophe risk

b.
Climate Change and its effects on small businesses in the UK

	7) On Modelling and Interpreting the Economics of Catastrophic Climate Change

	8) Sustainable Energy Security - Strategic risks and opportunities for business

	9) The Financial risks of climate change

	C
Economics, Finance and Investment

	10) Climate change and Insurance: An evaluation of the Stern Report on the economics of 
climate change

	11) Change is coming: A framework for climate change – a defining issue of the 21st Century

	12) Catalysing Low Carbon Growth in Developing Economies

	13) 
a.
Dangerous exponentials: a radical take on the future


b.
The Limits to Growth

c.
The Limits to Growth - the 30 year Update


d.
A comparison of the limits to growth with thirty years of reality


e.
Qualitative Growth

f.
Prosperity without Growth? - The transition to a sustainable economy

	14) The 21st Century corporation: the Ceres roadmap for sustainability

	15) The Economics of 350: The Benefits and Costs of Climate Stabilization

	16) The Impact of Climate Change Overseas on the UK Financial Services Sector

	17) The Stern Review: The Economics of Climate Change

	D
Pensions

	18) Climate Risks and Opportunities: A survey of asset managers' practices

	19) Pension Fund Trustees and Climate Change. ACCA Research Report No 106.

	E
General and Life Insurance

	20) Coping with Climate Change: Risks and Opportunities for Insurers

	21) Crop Microinsurance: Tackling poverty - one insurance policy at a time

	22) Insurance in a climate of change

	23) The global state of sustainable insurance – Understanding and integrating environmental, 
social and governance factors in insurance 

	24) The Impact of Climate Change on Non-Life Insurance

	F
Health and Mortality

	25) 
a.
Health Effects of Climate Change in the UK 2008 - an update of the Department of 

Health report 2001-2


b.
Impacts of climate change in human health in Europe

	26) Managing the health effects of climate change


6.1.6 Within each group the papers are reviewed and listed in alphabetical order.

6.1.7 In writing these reviews, the authors have tried to break the commentary down into four separate categories, where this is possible and practical – an Abstract, Actuarial critique, Actuarial implications and importance and Source of further actuarial study. In order to preserve the integrity of the sourced paper the Abstract section often comprises straight quotations from the source document. Indeed, the authors may not subscribe to these views.
A
Background Science
	Paper 1

Citation of Paper :
	Intergovernmental Panel on Climate Change. (2007). Fourth Assessment Report: Climate Change 2007 (AR4). Geneva, Switzerland, IPCC.

	Location :
	http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm#1 

	Abstract

1) Warming of the climate system is unequivocal, and can be seen from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice and rising global average sea levels.

2) By 2007 eleven of the last twelve years (1995-2006) ranked among the twelve warmest years in the instrumental record of global surface temperature (since 1850). The 100-year linear trend (1906-2005) of +0.74 [0.56 to 0.92] °C is larger than the corresponding trend of +0.6 [0.4 to 0.8] °C (1901-2000) given in the Third Assessment Report (published in 2001). The linear warming trend over the 50 years from 1956 to 2005 (+0.13 [0.10 to 0.16] °C per decade) is nearly twice that for the 100 years from 1906 to 2005. 

3) The temperature increase is widespread over the globe and is greater at higher northern latitudes (so-called Arctic amplification). Average Arctic temperatures have increased at almost twice the global average rate in the past 100 years. Land regions have warmed faster than the oceans. Observations since 1961 show that the average temperature of the global ocean has increased to depths of at least 3000m and that the ocean has been taking up over 80% of the heat being added to the climate system. New analyses of balloon-borne and satellite measurements of lower- and mid-tropospheric temperature show warming rates similar to those observed in surface temperature.

4) Increases in sea level are consistent with warming. Global average sea level rose at an average rate of about 3.1mm per year from 1993 to 2003, an increase over previous decades. Whether this faster rate for 1993 to 2003 reflects decadal variation or an increase in the longer-term trend is unclear. Since 1993 thermal expansion of the oceans has contributed about 57% of the sum of the estimated individual contributions to the sea level rise, with decreases in glaciers and ice caps contributing about 28% and losses from the polar ice sheets contributing the remainder.

5) Observed decreases in snow and ice extent are also consistent with warming. Satellite data since 1978 show that annual average Arctic sea ice extent has shrunk by 2.7 % per decade, with larger decreases in summer of 7.4 % per decade. Mountain glaciers and snow cover on average have declined in both hemispheres. The maximum area extent of seasonally frozen ground has decreased by about 7% in the Northern Hemisphere since 1900, with decreases in spring of up to 15%. Temperatures at the top of the permafrost layer have generally increased since the 1980s in the Arctic by up to +3°C.

6) Some extreme weather events have changed in frequency and/or intensity over the last 50 years:-
· It is very likely that cold days, cold nights and frosts have become less frequent over most land areas, while hot days and hot nights have become more frequent.
· It is likely that heat waves have become more frequent over most land areas.
· It is likely that the frequency of heavy precipitation events (or proportion of total rainfall from heavy falls) has increased over most areas.
· It is likely that the incidence of extreme high sea level has increased at a broad range of sites worldwide since 1975. 
7) There is observational evidence of an increase in intense tropical cyclone activity in the North Atlantic since about 1970, and suggestions of increased intense tropical cyclone activity in some other regions. 

8) Average Northern Hemisphere temperatures during the second half of the 20th Century were very likely higher than during any other 50-year period in the last 500 years and likely the highest in at least the past 1300 years. 

9) There is very high confidence that recent warming is strongly affecting terrestrial biological systems, including changes as earlier timing of spring events, such as bird migration and egg-laying; and poleward and upward shifts in ranges in plant and animal species. 

10) There is high confidence that observed changes in marine and freshwater biological systems are associated with rising water temperatures, as well as related changes in ice cover, salinity, oxygen levels and circulation. 

11) These include: shifts in ranges and changes in algae, plankton and fish abundance; increases in algal and zooplankton abundance in high-latitude and high-altitude lakes; and earlier fish migrations in rivers. 

12) Uncertainty. Where this is assessed using expert judgment and statistical analysis of evidence, then the following ranges are used to assess probability of occurrence: virtually certain > 99%; extremely likely > 95%; very likely > 90%; likely > 66%; more likely than not > 50%; about as likely as not 33% to 66%; unlikely < 33%; very unlikely < 10%; extremely unlikely < 5%; exceptionally unlikely < 1%.


	Paper 2

Citation of Paper :
	Hansen, J., M. Sato, P. Kharecha, D. Beerling, R. Berner, V. Masson-Delmotte, M. Pagani, M. Raymo, D. L. Royer and J. C. Zachos. (2008). Target Atmospheric CO2: Where Should Humanity Aim? The Open Atmospheric Science Journal 2: 217-231.

	Location :
	http://pubs.giss.nasa.gov/docs/2008/2008_Hansen_etal.pdf

	Abstract

1) In an influential paper, James Hansen and co-workers attempted to assess the estimates of climate sensitivity used in IPCC AR4 (see review of Paper 1) in the light of new analyses of the climate and coupled earth surface systems.

2) Climate sensitivity is usually defined as the equilibrium temperature response to a doubling of atmospheric CO2 above pre-industrial levels. Data from analyses of past climates suggests that climate sensitivity is ~+3°C only if fast feedback processes are included in the assessment (these processes include changes in snow cover, cloud formation and sea ice).

3) Equilibrium sensitivity, including slower surface albedo feedbacks such as changes in ice sheet extent and shifts in vegetation belts, is ~+6°C for doubled CO2 for the range of climate states between glacial conditions and ice-free Antarctica. 

4) They showed that decreasing CO2 was the main cause of a cooling trend that began 50 million years ago and ended with the creation of the Pleistocene glaciations.  Earth was nearly ice-free until CO2 fell to 450 ± 100 parts per million (“ppm”) and Hansen et al. argue that:- 
“barring prompt policy changes, that critical level will be passed, in the opposite direction, within decades. If humanity wishes to preserve a planet similar to that on which civilization developed and to which life on Earth is adapted, paleoclimate evidence and ongoing climate change suggest that CO2 will need to be reduced from its current 385 ppm to at most 350ppm, but likely less than that.”
5) They conclude that the target of 350ppm CO2 might be achieved by phasing out coal use except where CO2 is captured and adopting agricultural and forestry practices that sequester carbon.



B
Enterprise Risk Management
	Paper 3

Citation of Paper :
	Dietz, S. (2009). High impact, low probability? An empirical analysis of risk in the economics of climate change.

	Location :
	http://www.cccep.ac.uk/Publications/Working Papers/Papers/Working_Paper10.pdf 

	Abstract
1) The paper looks at catastrophic climate risks and highlights the growing interest in the subject from economists. Greenhouse gas emissions might lead to very large increases in global temperatures, and large increases in temperatures might lead to very large economic costs.
2) Dietz asks the question ‘to what extent does economic analysis of climate change depend on low-probability, high-impact events?’ and builds on the modelling work undertaken in the Stern Review in 2007 (see review of Paper 17) and a critique of this modelling by Martin Weitzman in 2007 and 2009 (see review of Paper 7). Dietz highlights that Weitzman’s work shows ‘uncertainty about the economic impacts of climate change could be so large that societal willingness to pay to avoid extreme outcomes should overwhelm other seemingly important assumptions’.
3) Dietz analyses this proposition by looking at the relationships between greenhouse gas emissions and warming (climate sensitivity), and warming with economic costs (the ‘damage function’) and how these can be approximated by a probability distribution with a fat tail of low-probability, high-impact outcomes for high temperatures. In addition, Dietz looks at the implications of a potential climate catastrophe on social welfare.

4) Dietz concludes that 
“a standard damage function produces a risk that climate damages exceed the total consumption of the economy (i.e. completely eliminating it), both in certain regions of the world and globally’ and therefore an upper bound on consumption is required to consider the total economic impact of a climate catastrophe. Without an upper bound, the models would indicate the society is willing to pay an infinite amount to avoid the very small risk of losing everything from a climate catastrophe. This will make it difficult to come to ‘useful conclusions about, for example, optimal rates of carbon taxation”.

The paper states that the expected welfare cost of climate change is very sensitive to small changes in where the upper bound is placed.

5) Dietz represents the general relationship between warming and climate damage with an aggregated damage function which expresses economic costs as a function of global mean temperature. This function has a ‘damage function exponent’ to determine the curvature of the function. Dietz notes the difficulty in assigning a value to the damage function exponent as there is no evidence on which to base it.  In previous studies, the damage function has tended to be quadratic but Dietz notes that values of the exponent up to and including 3 ‘may not give enough credence to the economic consequences of very large climatic changes, at least in the tail of the distribution’.

6) The paper notes that the IPCC’s Fourth Assessment Report (see review of Paper 1) looked at several estimates of climate sensitivity to greenhouse gases. Dietz notes that most of the probability density functions (“pdf”s) used in the analyses have a positive skew with long tail of high estimates of temperature sensitivities attributed to the uncertainty about feedbacks, such as clouds and water vapour, and the cooling effect of aerosols.

7) The Stern Review used a triangular pdf to represent climate sensitivity and used a minimum value of 1.5oC, a best estimate of 3oC and a maximum value of 4.5oC, so there is an upper bound on temperature sensitivity imposed. Dietz notes that scientific evidence collected by the IPCC indicates that this range is too narrow and is a thin-tailed pdf.

8) Dietz constructs a log-logistic pdf with no finite maximum value and compares the results from Monte Carlo simulations with this model and the triangular pdf used in the Stern Review. Assuming business-as-usual emissions, the probability that the global cost of climate change exceeds 75% of global consumption is 0.1% using the Stern Review triangular pdf, and 6.9% for the log-logistic pdf. The probability of costs greater than 90% of consumption and greater than 100% consumption is zero in both cases for the triangular pdf, and 5.5% and 5.0% respectively for the log-logistic pdf.

9) The probability of regional catastrophe is higher than that of a global catastrophe with India and Southeast Asia, Africa and the Middle East, and Latin America most likely to suffer. Using the Stern pdf, the probabilities of costs exceeding 75%, 90% and 100% of regional consumption in any one or more regions are 3.8%, 2.8% and 2.3% respectively. The log-logistic model with fat-tailed distributions for warming and damages gives probabilities of 17.7%, 14.4% and 12.9% to the respective scenarios – a significant difference to the Stern model.

	Actuarial implications and importance
10) One of the conclusions of the paper is that replacing thin-tailed pdfs for the climate sensitivity and for the damage function exponent (which determines the curvature of the function) with fat-tailed pdfs will estimate a significantly higher social cost of carbon. Therefore the importance of the underlying model used to determine the cost of climate catastrophe can not be overstated. In particular, Dietz notes that this has 
“strong implications for any current policy that attempts to calibrate the actual price of carbon (e.g. the carbon tax rate, or the price of a tradable permit) on thin-tailed assessments”.

11) Dietz notes a parallel of the issues examined in the paper to that of the concept of the ‘fear of ruin’ – how much would an individual be willing to pay to be fully insured against the possibility of ruin? In particular, ‘public institutions governing societal risks’ such as ‘the collision of a very large asteroid with the Earth, or unwanted, catastrophic consequences of research into biotechnology and nanotechnology.’

	Source of further actuarial study
12) Dietz notes potential future work can be carried out to consider an alternative pdf to the triangular pdf (used in the Stern Review) in order to look at the ‘risk of a large-scale positive feedback from the carbon cycle, particularly terrestrial biospheric and oceanic carbon’. In addition, ‘the likelihood of natural stimulation of methane from melting permafrost, from drying wetlands and oceans’ could be included in the modelling. Dietz states that the triangular distribution of natural carbon dioxide stimulation continues to be used as there is ‘currently very little evidence upon which [an alternative] pdf could be based, compared with climate sensitivity’.

13) As experts in the use of statistical models and risk, actuaries may be well placed to help determine what a suitable probability density function would be to model catastrophic climate risks.
14) Further study can also be carried out to investigate the ways in which the upper bound on damages can be bounded.


	Paper 4

Citation of Paper :
	Ackerman, F., Stanton, E.A. and Bueno, R. (2009). Fat Tails, Exponents, and Extreme Uncertainty: Simulating Catastrophe in DICE. Stockholm Environment Institute.

	Location :
	http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.167.9559&rep=rep1&type=pdf 

	Abstract

1) Modelling low probability and high severity climate events is a very important problem in climate science and in formulating policy to manage the risk of climate change.
2) Integrated assessment models (“IAMs”) - models which integrate knowledge from two or more academic disciplines - used by economists usually include deterministic parameters and these models do not adequately allow for low frequency - high severity events. Ackerman et al consider DICE, one of the best known IAMs created by William Nordhaus.
3) Two important parameters for climate economics models are the climate sensitivity parameter and the damage function. The climate sensitivity parameter is defined as the measure of the extent by which long term temperature will change from a doubling of atmospheric carbon dioxide concentration. The damage function quantifies the global economic damage from climate change. 
4) Using the traditionally optimistic DICE model Ackerman et al examines the implications of a fat tailed probability distribution for the climate sensitivity parameter, a focus of recent work by Martin Weitzman (see the review of Paper 7). Ackerman et al also considers the shape of the damage function, one of the issues raised in the Stern Report (see the review of Paper 17).
5) The results of the analysis indicate that the DICE model does not predict very harmful economic outcomes if only the climate sensitivity parameter or the damage function parameter is changed in isolation. This is consistent with the traditional optimistic outlook of this model. However if both these important parameters are simultaneously changed, then the model forecasts disastrous economic decline, which calls for rapid mitigation. Hence the interaction of these two parameters for fat tailed probability distributions is more important than the deterministic sensitivity tests based on changing these parameters in isolation.

6) Another more general point made is the policy recommendations from climate economics models are very dependent on the choice of key uncertain parameters

	Source of further actuarial study
7) Actuaries may be interested in the workings of integrated assessment models such as DICE and PAGE (a probabilistic IAM referred to in the Stern Review). In particular, actuaries may be able to review and suggest improvements for some of the statistical aspects of these models.
8) For example, actuaries with experience of catastrophe modelling may be able to suggest more appropriate fat-tailed distributions and simulation methods to use and may be able to enhance climate economics models by building in more stochastic elements to reflect the underlying uncertainties.
9) The skills developed by actuaries for the complex modelling of risks over long time horizons (such as for Solvency II) may be transferable in reviewing existing climate economics models and suggesting enhancements in these models. These enhancements may improve the accuracy and prudence of models, which forecast the effect of climate change on the global climate and on the global economy.

	Paper 5

Citation of Paper :
	Perroy, L. (2005). Impacts of Climate Change on Financial Institutions' Medium to Long Term Assets and Liabilities. Staple Inn Actuarial Society, 14 June 2005.

	Location :
	http://www.actuaries.org.uk/research-and-resources/documents/impacts-climate-change-financial-institutions-medium-long-term-asse 

	Abstract
1) The aim of this SIAS paper is to provide a background and an understanding of the likely impact of climate change on the assets and liabilities of financial institutions. It attempts to assess the extent to which actuaries should consider incorporating climate change into their work.

2) This report is primarily qualitative, and asks more questions than it provides solutions. One of its purposes is to invoke reflection and further research on the topic.
3) A series of interviews were conducted in early and mid 2005 and served as a basis for the report.

4) Climate change will cause direct physical impacts which include worsened insurance claims from property, business interruptions, motor, travel, directors’ liability, construction, agriculture and forestry, health and life insurances along with worsening claims experience for reinsurers. In parallel, direct physical impacts will also be felt on asset investments, such as property, agriculture and forestry, travel sectors and also on financial institutions themselves.

5) Other impacts on the assets of financial institutions may come from legislation and regulations on mitigation, mostly to greenhouse gas (“GHG”) emitting sectors such as energy, oil and gas, manufacturing, amongst others.

6) This report draws a list of various effects from climate change which may have an impact on the assets and liabilities of financial institutions, and on the financial viability of such institutions. The report is also an attempt to understand the extent that climate change damages may cause to assets and liabilities of financial institutions.

7) The report includes recommendations to actuaries to conduct asset-liability modelling (“ALM”) differently:-
· Within the insurance industry. General insurance traditionally bases the pricing of its products on statistical treatment of past experience. In an environment where climate change constantly modifies the claims environment, pricing of new products will have to take into account new climate change trends and become more forward instead of backward looking.

· Recommendations of asset allocations. ALM has to become more sophisticated. In particular, recommendation from actuaries on asset allocation should probably be sector specific. ALM worse case scenarios should clearly incorporate climate change consequences. These scenarios could be decided upon, after discussions with scientists and experts in the field. Also actuaries could require asset managers to incorporate climate change in their appreciation of risk and stock selection decisions, especially for equity investments. A clear in-depth understanding of the likely consequences of climate change has to be developed by ALM specialists.

· Improved dialogue with asset managers. Asset managers should report the exposure of their portfolios to impacts of climate change to trustees for pension investments, and to top management and actuaries for insurance assets. This should be done in respect of negative impact, physical impact or regulatory impact and in terms of mitigation aspects of such investments.

· Improved dialogue with asset owners. Pension funds and insurance companies, potentially through asset managers, should start giving direct recommendations on their appreciation of climate change risk and mitigation opportunities to the companies on which they invest.


	Papers 6a and 6b
Citation of Paper :
	a.
Kleindorfer, P.R. and Kunreuther, H. (2000). Managing 
catastrophe risk, Regulation 23: 26 – 31.

b.
Crichton, D. (2006). Climate change and its effects on small 
businesses in the UK. AXA Insurance.

	Location :
	a.
http://www.cato.org/pubs/regulation/regv23n4/kleindorfer.pdf
b.
http://www.warwickshire.gov.uk/Web/corporate/pages.nsf/Links/245EAC2B55BC474A80257304005E192D/$file/AXAClimateChange.pdf 

	Abstract
1) Both these papers emphasise on how natural disasters affect property owners and small businesses and describe how the insurance industry in collaboration with governments should play a pivotal role in managing these risks.
2) Kleindorfer et al recommend that:-
· Insurers, particularly in the USA, should encourage their Property customers to install risk mitigation measures (RMMS) to reinforce their buildings.
· Insurance companies, banks and governments should actively engage in public-private partnership programs to mitigate the losses caused by natural disasters, namely hurricanes and earthquakes.
3) The Crichton paper, commissioned by AXA Insurance, analyses research on the effect of climate change on small and medium sized enterprises (SME) in the UK. These businesses are critically important for the UK and are also very vulnerable to the effects of extreme weather patterns, such as heavy floods. The current measures to protect SMEs from flooding are significantly inadequate.
4) The insurance industry has a major role to play in managing the risk from climate change by raising awareness, encouraging adequate insurance and by advising the government, local authorities and small businesses.

	Actuarial implications and importance

5) Kleindorfer et al. suggest that few insurers currently offer reductions in premium or other incentives for their customers to set up risk mitigation measures (RMMS), even though statistical models show that the expected benefits outweigh the upfront costs of setting up RMMS for both householders and insurers. 
6) Pricing actuaries may be interested in quantifying how these RMMS can be incorporated into a rating structure. Customers’ reluctance to install these RMMS should also be investigated with a view of raising awareness to promote this best practice so that losses from natural disasters are reduced for individuals, insurers and governments.
7) Actuaries may also be interested in the various public-private partnership programs suggested by Kleindorfer et al. These programs include promoting stronger building codes and rewarding customers who install RMMS or whose properties have received ‘seals of approval’ from recognised organisations. The rewards can be in the form of lower premium and/or more favourable product design, including lower deductibles. In general, actuaries should think about ways of broadening protection against catastrophe losses, in collaboration with banks and policymakers.

8) Crichton describes how small and medium sized enterprises (“SMEs”) are critically important to the UK economy, accounting for nearly 60% of employment and about half the turnover of the UK. While the majority of SMEs are seemingly aware of the idea of climate change, a much smaller proportion is taking the issue seriously. While the threat of climate change has taken on a new urgency and we approach a ‘tipping point’ beyond which recovery will be very difficult if not impossible, very little is being done to protect these small businesses from the effects of climate change.
9) Government research shows that if nothing is done to manage climate change within two generations the cost of flood damages could be between £5.5bn and £42bn yearly. Very few SMEs receive flood warnings, as these are designed mostly for householders. If a business is adversely affected by a severe weather event then most help for small businesses seem to come from insurance companies. In this context actuaries should play an active role in protecting SMEs and the economy from the severe weather events such as floods.
10) Actuaries could  explore the various ways in which insurance companies can help in mitigating the risk of severe weather events, specifically flooding in the context of the UK including more active engagement with local councils. For example, local councils in Scotland actively engage with the insurance industry in raising awareness about the risk and mitigation methods, in encouraging adequate insurance cover, assisting SMEs with streamlined claims handling and in encouraging more sustainable flood management.
11) The profession could encourage more research into understanding the “tipping point” for insurers from the losses caused by these weather events. Actuaries could  also explore the insurance industry’s roles as investors, insurers and as advisors. In general, the insurance industry could look at being more proactive in order to manage the risk of severe weather events due to climate change.

12) As investors the industry can support and strengthen the European Emission Trading Scheme in partnership with the World Wildlife Fund (“WWF”). Insurers can also influence companies they invest in, which may not sufficiently control their carbon emissions. As insurers the industry can reward responsible local councils by offering them better coverage from severe weather events.

13) The industry should also promote ‘best practice’ building standards to encourage more sustainable buildings, a point which is reiterated in the paper by Kleindorfer et al. The industry should encourage adequate insurance for SMEs and discourage construction in floodplains and other high risk areas. As advisors the industry can advise governments on areas of new development and encourage better flood management solutions, for example in partnership with WWF.
14) Actuaries have a major role to play in most of these areas of work. Actuaries should focus on the nature of these risks and how best to manage them from the perspectives of insurance companies, governments and small businesses.


	Paper 7
Citation of Paper :
	Weitzman M.L. (2008). On modelling and interpreting the economics of catastrophic climate change. The Review of Economics and Statistics, Vol XCI No.1.

	Location :
	http://www.economics.harvard.edu/faculty/weitzman/files/REStatFINAL.pdf 

	Abstract
1) The paper asks the question, what is the essence of the economic problem posed by climate change? The uniqueness of the problem lies not only in the impact of decisions made today that have potentially irreversible impacts in the far future, but also in the unknowns: great uncertainty in climate science coupled with an economic inability to evaluate meaningfully the catastrophic losses from large temperature changes.

2) An economic model is developed, based on the concept of utility, which examines extreme climate change. Extreme climate change is defined as roughly a 10°C or more rise in temperature occurring within about two centuries. Such high temperatures have not occurred for hundreds of millions of years, and the rate of change might be unprecedented even on a scale of billions of years. In such a scenario, it is difficult to imagine how a loss of greater than 99% of planetary welfare could be avoided.

3) The paper looks at probability distributions for “climate sensitivity” which have been developed by climate scientists. Climate sensitivity, S, is defined as the amount of warming that would occur if the atmospheric carbon dioxide concentration was doubled, relative to the pre-industrial level. Without strenuous mitigation measures, doubling or more of CO2 concentration by the end of the 21st Century is easily foreseeable.

4) The right tail of the probability distribution for S is poorly constrained. A simple aggregation of pdfs indicates that without strong mitigation efforts, in around two centuries global surface temperature change would be greater than 10°C with a ballpark probability estimate of around 0.05 and greater than +20°C with a ballpark probability estimate of around 0.01.

5) The model compares the present to the future – roughly two centuries hence. It asks what proportion of current consumption would a “representative agent”, thus society as a whole, be prepared to give up in order to reduce the risk of loss of consumption in the future?

6) The general model is bounded by using the concept of the “value of statistical life”. The basic idea is that a society trading off a decreased probability of its own catastrophic demise against the cost of lowering the probability of that catastrophe is facing a decision problem conceptually analogous to how a person might make a trade-off between decreased consumption as against a lower probability of that person’s own individually catastrophic end.

7) The model is developed into a so-called “Dismal Theorem”, which allows a calculation of the proportion of consumption that society would be willing to pay, given various assumptions e.g. of the level of risk aversion. The conclusion from the model output is that the fat tail of uncertainty in climate sensitivity outweighs discounting of the future. An example output is given which has parameter inputs that produce the result that if the probability of life-ending catastrophe is ≈0.005, then willingness to pay to avoid this catastrophe is > 80% of consumption.

8) This is not an application of a “generalized precautionary principle”, which would freeze all progress if taken too literally. This is because the probability of extreme climate change is much higher than the probability of scenarios that might plausibly cause similar damages, for example a large asteroid strike.

	Actuarial implications and importance

9) Because the paper examines the extreme climate change scenario, the conclusions are equally relevant to the actuarial profession as to the rest of humanity. The difference is perhaps that actuaries have the skill-set to more easily understand the issues raised (see paragraph 40, for example). We can ask the question; does this give rise to an obligation on the profession to examine these issues in the public interest?

	Actuarial critique

10) The model developed by Weitzman uses economic concepts: for example, utility, relative risk aversion, and value of statistical life. An actuarial approach to the issues raised might approach the issues from a risk management point of view e.g. by directly surveying experts to determine their risk tolerance to extreme climate change and proportion of consumption they are willing to forgo to avoid it.
11) Weitzman’s model examines the very extreme scenario. It uses a +10°C temperature rise as a benchmark for catastrophic climate change, which is appropriate for his model. It is clear that very large changes would occur even with a much lower temperature rise.

	Source of further actuarial study

12) Weitzman notes that all existing Integrated Assessment Models (“IAMs” - models which integrate knowledge from two or more academic disciplines) estimate damage caused by high-temperature changes with an extremely casual extrapolation of low temperature damages. Additionally, the paper raises some fundamental questions about the role of cost benefit analysis as a tool to assess the response to climate change. For situations where prior limits on damages do not exist, CBA is likely to be dominated by considerations related more to catastrophe insurance than long-term discounting.

13) A further issue with IAMs is that samplings based on conventional Monte Carlo simulations may give a misleading picture of the expected utility of alternative GHG mitigation policies, because unless a very high number of simulations are carried out, the very highest damages in the fat tail may be missed.

14) The model developed by Weitzman focuses on issues which are core areas of expertise for the actuarial profession, namely probability, risk and long term thinking. If the actuarial profession wishes to have a voice in helping to guide societal responses to sustainability questions, the issues arising from Weitzman’s model would seem to be a prime candidate for further detailed study.


	Paper 8

Citation of Paper :
	Frogatt A.and Lahn G. (2010). Sustainable energy security; strategic risks and opportunities for business. Lloyd’s 360 risk insight.

	Location :
	http://www.chathamhouse.org.uk/files/16720_0610_froggatt_lahn.pdf 

	Abstract

1) Market dynamics and environmental factors mean business can no longer rely on low cost traditional energy sources. Modern society has been built on the back of access to relatively cheap, combustible, carbon-based energy sources. Three factors render that model outdated: surging energy consumption in emerging economies, multiple constraints on conventional fuel production and international recognition that continuing to release carbon dioxide into the atmosphere will cause climate chaos.
2) We are heading towards a global oil supply crunch and price spike. International oil prices are likely to rise in the short to mid-term due to the costs of producing additional barrels from difficult environments, such as deep offshore fields and tar sands. An oil supply crunch in the medium term is likely to be due to a combination of insufficient investment in upstream oil and efficiency over the last two decades and rebounding demand following the global recession. This would create a price spike prompting drastic national measures to cut oil dependency.
3) Business must address energy-related risks to supply chains and the increasing vulnerability of ‘just-in-time’ models.
4) Lloyd’s CEO Dr Richard Ward comments in the foreword to the report:-
“This report … should cause all risk managers to pause. What it outlines, in stark detail, is that we have entered a period of deep uncertainty in how we will source energy for power, heat and mobility, and how much we will have to pay for it.”

“At this precise point in time we are in a period akin to a phoney war … the bad times have not yet hit. The primary purpose of this report is to remind the reader that all businesses, not just the energy sector, need to consider how they, their suppliers and their customers will be affected by energy supplies which are less reliable and more expensive.”

	Actuarial implications and importance

5) An oil supply crunch could have profound implications for the global economy. High inflation is one possible outcome, with a consequential effect on interest rates. A recession or depression is another possible outcome. 
6) High inflation and a constrained economy could cause a revaluation of assets with real assets gaining at the expense of financial assets.
7) Asset prices may shift between industry sectors when markets price in the effects of declining oil supply e.g. share price of energy intensive industries may decline, while the shares of energy producers increase.
8) A reduction in economic growth caused by an energy crunch may make it harder to pay back debt, both private and sovereign, increasing levels of default.
9) Non-linear effects on the financial sector and on trade and the general economy are possible, as indicated by the report’s reference to the possible impact on supply chains.
10) General insurance may be affected by higher claims cost, caused by a recession.

	Actuarial critique

11) The report suggests that the world is entering a new era in terms of energy supply, with conditions unlike those during which our industrial society developed. The implication is that any economic projection that uses economic trends from the past to project into the future may be subject to error, if it does not take into account the new information. In short, the past is no longer a good guide to the future because of the structural and climatic change occurring.

	Source of further actuarial study

12) The issues arising from a possible energy crunch are so fundamental to actuarial work that they justify a great deal of attention and further study. There is a large amount of literature on energy issues which should be reviewed.


	Paper 9

Citation of Paper :
	Assessing the Risks of Climate Change: Financial Implications. ABI November 2009.

	Location :
	www.abi.org.uk/Media/Releases/2009/11/45222.pdf 

	Abstract
1) The paper is a summary of research commissioned by the Association of British Insurers (“ABI”) to better understand the financial implications of climate change to the insurance industry. The research examines the implications of +2°C, +4°C and +6°C changes in global mean temperature on storm and flood losses. For each of these the research assesses the impact of changing climate by modelling:-
· How these likely temperature changes will affect weather hazards and the resulting insured loss.
· The flow-through impact on insurance prices.
· The impact on insurance capital requirements.

2) The research was commissioned from the Meteorological Office and AIR Worldwide and overseen by a steering group containing experts from the insurance industry and government. The research team used a new method of combining climate models with insurance risk models. Both the annual average loss and extreme losses were modelled. Additional capital requirements were estimated based on Solvency II’s requirement for protection against the 1 in 200 year loss level.

Windstorm impacts

3) Three climate change-induced stress tests were performed on insurance industry natural catastrophe models for US hurricanes, Japanese typhoons and European windstorms. Property damage is a non-linear function of wind speed, so small increases in wind speed could produce relatively large increases in losses.

4) In assessing the impacts of climate change on the three major storm types, socio-economic developments that could increase society’s vulnerability to windstorms have been excluded deliberately.

5) The conclusions in the rest of this report relate to the effects of a high emissions scenario, where carbon dioxide concentrations doubled relative to the pre-industrial level by the end of the century. In this case, total average annual damages from US hurricanes, Japanese typhoons and European windstorms combined could increase by around 65% from a baseline of about $16.5bn today. At current market conditions, around $6bn of these increased damages would be insured.

6) Very extreme storm losses, occurring once in every 100 or 250 years, could become even more severe. Insured losses from extreme US hurricanes could increase by around 70% above present day losses of $60-85bn, equivalent to an additional two or three hurricanes each with the strength of Andrew (a category 5 hurricane; damage estimated to be near $25bn, making it the most expensive natural disaster in US history – see http://www.nhc.noaa.gov/1992andrew.html#FOOT1), or roughly the same size as the terrorist attack on the World Trade Center. Insured losses from extreme Japanese typhoons could also increase by around 70%. Insured wind-related losses from extreme European windstorms could increase by 5%. However, the cost of flooding associated with European extreme storms was not explicitly modelled and could increase damages further.

Heatwave

7) The heatwave in Europe in 2003 resulted in over 22,000 premature deaths. Climate change has already doubled the chance of a very-hot summer in Europe (e.g. 2003), and by the 2040s, more than half of all European summers will be warmer than that of 2003.

Agriculture and Forestry

8) For the insurance industry, offering financial protection against extreme events, climate change could increase costs of agriculture and forestry cover by increasing the severity of extreme weather events, such as heatwaves, storms, and floods.

Capital requirements

9) Under a high emissions scenario where carbon dioxide concentration doubles by the end of the century, modelling from this study suggests that the risk capital requirement could increase by over 90% for US hurricanes, and around 80% for Japanese typhoons. In total, an additional $76bn would be needed to cover the gap between extreme and expected losses resulting from tropical cyclones.

10) If climate change increases risk capital requirements within the insurance industry, insurers’ cost of capital will also rise, because investors will demand a return competitive with other investment opportunities.

	Actuarial implications and importance
11) The issues raised are of great importance to the future of the insurance business. In the longer term, the uncertainties about future damages and capital costs may impact on the business. While the insurance business can adapt to some extent by increasing premium rates, uncertainty about the timing of the change, and the reduced ability to model future losses based on the past, potentially undermine the foundation of the general insurance business model.

	Actuarial critique
12) The report examines the direct costs of weather related damage. However, it does not allow for damage to the economy from more general climate change effects. For example, at the +4oC or +6oC level, it would be expected that zones of vegetation would shift, causing large numbers of people to have to migrate. Additionally, food security in many regions could become more problematic. The disruption caused by these effects could cause non-linear changes to the economy. In our integrated world, effects in one part of the world may have great effects on other parts, for example by disruption of supply chains, although of course this cost would be borne by society in general rather than the insurance industry. Therefore this report examines one aspect of the financial cost of climate change.

	Source of further actuarial study
13) Many studies have been carried out to estimate global damages from climate change to the economy. However, they all focus on the expected cost of climate change. There seems to be a gap in the literature for modelling damages at the 1 in 200 level (or similar extreme level), as this paper has done, but looking at the wider economy.


C
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	Paper 10

Citation of Paper :
	Gollier, C. (2006). Climate Change And Insurance: An Evaluation Of The Stern Report On The Economics Of Climate Change. Barbon Institute: December.

	Location :
	http://idei.fr/doc/wp/2006/stern.pdf 

	Abstract

1) This evaluation of the Stern Review (Paper 17) proposes that the main strength of the Stern Review is in providing an economic framework for making policy recommendations to deal with climate change.

2) The author criticises many of the underlying assumptions and results derived in the Stern Report, which predicts that global warming will be damaging our economies by about 35% GDP by the year 2200, whereas the cost of actions required to reduce the worst impacts of climate change is only 1% yearly. The effect on GDP includes reduced agricultural productivity, fatalities due to natural catastrophes, damages to buildings and loss of environmental assets.
3) There is some disagreement among economists over the exact impact of climate change on global GDP because of the long future time horizon and the nature of the risks involved. Since the worst effects of global warming will be in the relatively distant future, an important issue is deciding upon to what extent the current generation should be ready to subsidise future generations, by investing in low-carbon technologies for example. One way of quantifying future benefits of tackling climate change today is to calculate a present value of future global GDP. However, since it is very difficult to use a suitable rate of return for the next two centuries, Stern explicitly evaluates the welfare effect of global warming for future generations. This leads to the review’s proposal that the current generation should be willing to forego a large proportion of GDP in order to achieve higher social welfare and growth rates in the future.

4) The author appreciates Stern’s stochastic approach to estimating the effect of climate change on GDP; Stern calculates a range of probable values for the effect on GDP. In his criticism the author mentions the case for focussing on reducing current poverty in developing economies instead of investing heavily in tackling climate change. The author thinks that we should be more pessimistic about the economic and climatic outlook than is given in the Stern review. Also, the author suggests that the psychological effect of the risk of climate change is largely underestimated by Stern.
5) The author thinks that the relative lack of scientific information on the impact of climate change raises the issue of the optimal timing of implementing policies to tackle climate change. The author supports Stern’s emphasis on providing good price signals to a market for emission permits and suggestions on implementing a Pigouvian tax (i.e. one which penalises activities which have negative side-effects). 
6) Finally, the author suggests there is an urgent need to re-examine regulations of insurance markets for natural catastrophes, for example to reduce the houses being built in high-risk regions.

	Source of further actuarial study
7) Actuaries may be able to contribute valuable inputs on the underlying models used by Stern to quantify the effect of climate change, particularly in the statistical and financial aspects of these models.

8) Actuaries may be able to refine the stochastic calculation of the effect of climate change and try out alternative methods (it has been reported that Stern used Monte Carlo simulations) to check the sensitivity of the results.
9) The ideas of cross-generational subsidy may be very familiar to some life and pensions actuaries, who may be able to comment on some of the assumptions made by Stern and his critics (e.g. Gollier).
10) Actuaries may have an important risk management role to play in developing the market for emission permits and in standardising the ‘fair’ rate of the carbon pricing. Perhaps most appropriately, actuaries can use the arguments made in the Stern report to lobby for and develop better regulations in the insurance for natural catastrophe. This may also lead to actuaries playing a more proactive part in developing other risk management solutions to deal with natural catastrophe.


	Paper 11

Citation of Paper :
	Goldman Sachs. (2009). Change is coming: A framework for climate change – defining issue of the 21st century.

	Location :
	http://www2.goldmansachs.com/ideas/long-term/climate-change-research.pdf

	Abstract

1) This paper is part of the ‘Caring for Climate’ series of the United Nations Global Compact and has been written by Goldman Sachs Global Investment Research (“GSIR”). GSIR examined around 800 global companies with a combined market capitalisation equal to around 90% of the value of the MSCI World index. They look at the implications of climate change on long term corporate performance and how companies are responding to emerging environmental pressures.
2) Using publicly available information, GSIR identified which companies are most effectively managing the ‘challenges and opportunities climate change will present to their industry’ and categorised the leaders into three categories:-
· Abatement Leaders (in carbon intensive industries).
· Adjustment Leaders (in low carbon industries in which management of supply chains and product development will be key).
· Solutions Providers (beneficiaries of growth in emerging technologies).
3) The research conducted by GSIR highlighted that the prospect of climate change is:-

‘becoming increasingly important to corporate performance, through intensifying regulation and broader social change and resulting in increasing dispersion between the financial performances of those companies better able to adapt to the challenges and opportunities stemming from the rising importance of climate change and those that fail to adjust sufficiently quickly to a changing, emerging reality.’
4) The paper argues that the tipping point that will bring increasing business awareness and companies’ adaptation to the changing pressures climate change will bring is approaching. GSIR found that companies view environmental performance as a key component of their core strategies.
5) GSIR state that in order to change the global greenhouse gas (“GHG”) emissions pathway to one in which environmental disruption is reduced to acceptable levels, there will need to be a ‘dramatic reduction in the carbon intensity of the global economy, with impacts on companies across all sectors’. There are technologies available to help reduce GHG emissions but the adoption of these needs to increase. This can be achieved through incentives such as penalties for emissions or subsidies for investments in alternative technologies.
6) GSIR estimate that ‘over 80% of new power generation capacity built in the coming 20 years would have to be zero emission’ in order to achieve a shift in power generation to help reduce overall global emissions to the 450ppm scenario. At present, only around 40% of current annual power generation capacity is represented by technologies such as nuclear, renewables and carbon capture and storage (‘CCS’). GSIR note that CCS has ‘not yet been employed on a commercial scale by the power industry, and the political resistance and long lead times involved in nuclear plant construction suggest that getting close to the [80% of new power generation] target without decommissioning existing capacity will be close to impossible unless CCS becomes commercially viable’.
7) GSIR found that close to two-thirds of the large global companies examined have assigned board or senior management responsibility and close to half report attempting to quantify its financial impacts. Overall, there remain wide differences between the leaders and laggards in many sectors and countries, creating opportunities for those companies moving early to address the challenges and opportunities created to establish competitive advantage.

	Actuarial implications and importance

8) The paper is a good introduction to the ways in which the issue of climate change will impact on business and the considerations that companies will have to make to avoid negative impacts to their financial performance, in particular through increased regulation of GHG emissions.

9) A key message in the paper is that the ‘relatively slow speed with which most organisations are able to redesign operations and reposition their business models will provide a window of competitive advantage to those that have taken early action’. Making a business more carbon-efficient is an example of how companies can adapt to the business implications of climate change. There will also be second order impacts in which ‘higher prices for power and carbon-intensive products will likely feed through the supply chains of customer industries’.

10) Although pension trustees are not responsible for screening and selecting individual companies to invest in on behalf of a pension scheme’s beneficiaries, they should delegate the responsibility to investment managers. Trustees can ask their investment managers whether the manager’s screening process considers how ‘climate change ready’ a company is and whether this is a criteria for determining whether to invest in a company.

	Actuarial critique

11) This paper was written before the 15th Conference of the Parties (COP) to the UN Framework Convention on Climate Change (UNFCCC) which was held in Copenhagen in December 2009 and therefore has a somewhat optimistic tone in that the outcome of the convention would catalyse policy change at country and company level.

12) GSIR argue that the tipping point’ for increasing business awareness to these issues is approaching, in part due to the COP at Copenhagen. However, post-Copenhagen the regulatory structure around global greenhouse gas emissions is still not clear and there is still an element of public scepticism around the science of impacts and causes of climate change. The social and political will is not yet strong enough to ‘drive the changes necessary to avoid the worst physical impacts of climate change through a reduction in carbon emissions’, which GSIR believe existed in May 2009.


	Paper 12

Citation of Paper :
	Ward, J., Fankhauser, S., Hepburn, C., Jackson, H. and Vivid Economics. (2009). Catalysing Low Carbon Growth in Developing Economies – Public Finance mechanisms to scale up private sector investment in climate solutions. UNEP (October 2009)
(UNEP published a paper on a similar topic in 2008 (Public Financial Mechanisms to Mobilise Investment in Climate Change Mitigation). We chose to review the later paper as it is more up to date)

	Location :
	http://www.unep.org/PDF/PressReleases/Public_financing_mechanisms_report.pdf 

	Abstract
1) The paper takes as a starting point the International Energy Agency figure of $1tn per annum is required to be invested in the low carbon economy to avoid dangerous climate change. Approximately half of this figure ($470bn) could be met by redirecting carbon intensive investment. The world Bank estimates that approximately $475bn is required in developing countries of which $400bn is required for mitigation and $75bn for adaptation.
2) Currently $9bn per annum of public sector money is contributed towards the developing world climate-change investment target of $475bn. Furthermore, The World Economic Forum estimates that the sum of climate-related public sector commitments currently under negotiation, even if delivered to their maximum ambition, totals around $110bn leaving a shortfall of some $365bn. Therefore, most of the investment will have to come from the private sector - specifically pension funds and sovereign wealth funds are identified. The combined size of these funds is large enough to realistically achieve the required investment, but the risk and return profile of these investments is not currently sufficient well-understood (and maybe even insufficient) to meet their requirements.

3) The paper advocates Public Finance Mechanisms (“PFMs”) which could potentially leverage up to $15 for every $1 invested. The aims of the PFMs are to complement rather than crowd out private sector investment. The PFMs could perform the following roles:-
· Country risk cover.
· Low-carbon policy risk cover.
· Funds to hedge currency risk.
· Improve deal flow.
· Public sector taking subordinate equity positions in funds.

	Actuarial implications and importance
4) The implications of this paper are potentially enormously important for actuaries. If the proposed PFMs are indeed set up and are successful in attracting $1 trillion of pension fund investment every year, half of which is redirected from traditional investments and half of which is invested in developing countries, then this will significantly change the landscape of pension fund investment.

	Actuarial critique
5) The paper outlines the challenges, but these are already well known and have been set out elsewhere. It also outlines high level solutions, but again these have been explored extensively elsewhere. The summary is well set out and is therefore a good reference source. However, the challenge is the implementation details, for example what these PFMs will actually look like, how they will get up and run in practice, how the political obstacles will be overcome. All of these challenges remain to be explored.

	Source of further actuarial study
6) Actuaries could study the impact on pension funds’ investment of PFMs and of a large increase in low carbon investment, as this will have a large impact on the investment landscape. Study into which mechanisms are being proposed and how likely they are to succeed would therefore also be relevant. However, a more positive approach would be to become involved in the policy dialogue and to use our expertise in institutional investment to help shape PFMs so that they are more likely to be successful, this could be from both a practical and a theoretical perspective.
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	Abstract
1) This is a review of a research paper by the money market broker Tullett Prebon; “Dangerous exponentials: A radical take on the future”. The report takes a view of the world economy that is rooted in concepts first elaborated in the well-known study “The limits to growth”, published in 1972, and updated in 2004. Hence, in the actuarial critique we look at the Limits to Growth study. Additionally, we examine a paper which assesses the review of the Limits to Growth model. We review a research paper by Graham Turner in CSIRO from 2008, which compares the original Limits to Growth models with 30 years of real world data.

2) The core thesis of Tullett Prebon’s report is that the global economy is in the grip of a ‘forest’ of dangerous financial and non-financial exponentials. The figure below, reproduced from the report, illustrates a series of key indicators – including population growth, energy consumption, cumulative inflation and the money supply. All appear to have turned into exponential ‘hockey-stick’ curves.
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3) Amongst the non-financial indicators, there are reasons to fear that exponential trends in population growth and energy consumption may not be sustainable, because both may be heading for practicality constraints. Meanwhile, the intrinsic values of the principal currencies (including the dollar, the euro and sterling) may be threatened by escalating debt, by dangerously rapid expansion in the money supply, and by continuing deteriorations in purchasing power.

4) The report concludes that the ‘forest of exponentials’ is highly dangerous, particularly because it is not properly understood, effectively calibrated or coherently managed.

5) Lastly, the report identifies an urgent need to foster an understanding of energy returns on energy invested (“EROEI”). This is the ratio of energy returned by an energy source per unit of energy invested in order to extract the energy source. For example, the ratio of energy provided by petroleum based fuel versus the energy used in building and using drilling rigs for oil extraction, transportation, refining and distribution. One of the consequences of EROEI is that some fuel sources may not be economical no matter what is the price of oil. The economy is an energy-driven construct, but the concept of energy returns is not widely known or understood.

	Actuarial implications and importance
6) Within the financial sector, there is a fundamental point about whether the financial sector can be supported by the real economy in an era where energy and resources are constrained. Money supply growth without growth of goods and services leads to inflation. Shrinking energy supply coupled with attempts to make the economy grow by increasing money supply could lead to severe problems with currency stability. The economy is a non-linear system, non-linear effects could occur.

7) The implications of the view elaborated by this report and other similar reports extend far beyond the financial sector; we do not cover these implications in detail here.

	Actuarial critique
8) The report talks about ‘hockey stick’ shaped curves caused by exponential growth. The hockey stick shape of exponential growth is an artefact of the scale of the graph used, unless physical limits to growth exist. In this case, the nature of exponential growth means that in later stages the growth process approaches fixed limits very quickly.

9) The report identifies a collision between an exponentially growing economy and fixed limits. Such a collision was identified back in the early 1970’s in a report by a team of scientists at MIT. This was the original Limits to Growth report, which was commissioned by the think-tank the Club of Rome. The Limits to Growth was widely known in the 1970’s. When published in book form it sold many millions of copies. It was also highly controversial.

10) The Limits to Growth authors (Donella Meadows, Dennis Meadows, Jorgen Randers and William Behrens) were systems scientists. They used their expertise to create a computer model of the world, to model variables such as population growth, industrial production, resource depletion and pollution. This in itself was a formidable achievement since it was undertaken at a time when computerisation was in its infancy.
11) The essence of the Limits to Growth is that physical growth of any kind (for example population, economic activity or use of non-renewable resources) cannot continue forever in a finite world. Meadows et al believed that unrestricted economic growth would lead to overshoot of the Earth’s carrying capacity. The systems science approach used by the Limits to Growth study leads to conclusions about the behaviour of the world system. One prediction of the systems behaviour is that if overshoot is not corrected, it could lead to collapse of the economy and population. Based on the exponential growth trends that they identified, such a collapse is possible at some time in the 21st Century. In 2004 an updated edition of Limits to Growth was published. They studied data since the first book was published and updated their model with the benefit of modern computer hardware and software. The authors found no reason to change their conclusion from the first edition.

12) A 2008 study by the Australian research organisation CSIRO has compared the original Limits to Growth model outputs with observed data from the period 1970 to 2000. Interestingly the researcher, Graham Turner, has found that very little independent work has been done to date to compare the Limits to Growth models with observed data. Turner found that observed data for the most part agrees well with the “business as usual” scenario modelled in the original Limits to Growth work.

13) In 2009 the Institute of Chartered Accountants in England and Wales published the report Qualitative Growth. It points out, as have many other commentators, that GNP per capita is not a good measure of welfare for the citizens of rich nations, whose material needs are met. Hence growth of economic activity is itself no longer an appropriate societal goal for rich nations, because the risks of further growth outweigh the benefits.

14) Current economic and financial structures have evolved since the industrial revolution during a period of long-term economic growth. As a result they are all set up to function with a growing economy. Hence many people still find the concept of a prosperous economy without economic growth to be a radical idea. In 2009 the UK government’s Sustainable Development Commission published a report called Prosperity Without Growth? - The Transition to a Sustainable Economy. This report looks in detail at how a sustainable and prosperous non-growing economy could be achieved.

15) Issues arising from the limits to growth can be highly emotive. Also, the conclusions run counter to the cultural norm of our society; that economic growth is always desirable at all times for all nations. In actuarial work it is sometimes the case that actuarial reports reach conclusions that are counter to the prevailing view. For example, insurance company management plans might aim for increased premium growth and increased profitability at the same time, when these goals are incompatible. The insurance company actuary is professionally obliged to forecast results to the best of his or her ability based on the data, regardless of the company plan or the wishes of management. It is also worth noting that the experienced actuary knows that the popularity of a forecast has no bearing on its validity, and that emotions can cloud the logical judgement which is necessary to obtain the most accurate forecast.

	Source of further actuarial study
16) The consequences of the economic collapse envisaged by the systems science approach are severe; therefore even if there is only a small probability that this view is correct, further research is justified. Economic research which is based upon the characteristics of exponential growth, and incorporates extreme events, would seem to be a natural fit for the actuarial profession. A preliminary study might be carried out initially to determine how much effort the profession should put into research in the area of systems science. If the preliminary study determines that further research is justified, then it should be carried out in the public interest.
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Citation of Paper :
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	Location :
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	Abstract

1) CERES is a major US based network of investors, environmental organizations and other public interest groups working with companies and investors to address sustainability challenges such as global climate change. They maintain that the interests of shareholders, over time, will be best served by companies that maximize their financial performance by strategically managing their economic, social, environmental and ethical performance. Central to this thesis is the explicit recognition that sustainability factors directly affect long-term business profitability. Coming from the world’s largest capitalist society, it is a reminder that, despite any appearances to the contrary, sustainability is becoming a significant issue there.
2) This 88 page report is in effect a detailed, comprehensive guide to adopting a sustainable business strategy. It covers governance, stakeholder (not just shareholder) engagement, disclosure and transparency, operations (emissions, energy efficiency, water management, waste and human rights), supply chains, logistics, product design, development and marketing, and employee management. It is not just a wish-list, but gives examples in each area of organisations putting these concepts into practice. There are stated to be 200 such examples covering 20 industry sectors. The report ends with an 8 page bibliography, including 3 pages of web links to other organisations concerned with issues of sustainability and climate change.

	Actuarial implications and importance

3) For actuaries this report has implications for their own organisations, and the extent to which they are following the approaches indicated, and it could possibly help actuaries to become involved in assisting their clients in developing parts of their sustainable strategies, particularly in the financial sector. For those actuaries involved with investment consulting, this report may help them engage with investment managers in assessing how they deal with sustainability issues, and also in assisting pension fund trustees in appreciating the significance of what their managers should be doing in this area. For investment managers themselves, it describes a coherent approach to sustainability which could provide a helpful template in assessing investment propositions.
4) This report describes what an enlightened organisation should be doing in order to maximise shareholder value in the long term, and clearly many organisations are moving in this direction. In practice short term financial considerations will no doubt continue to drive actions to varying degrees from time to time, and in some organisations this may be the only consideration in any event. Whilst sophisticated long term strategies may not of course be appropriate in small to medium sized organisations, they can follow the broad principles. Also, this sustainable approach to business basically incorporates most aspects of risk management.
5) In order to achieve a more sustainable approach, the report advocates better and more disclosures, and greater transparency. They suggest that this can be driven by investors, customers and other stakeholders, acting through market forces, the various regulators, listing authorities and auditors.
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	Abstract
1) This is an economics paper that sets out to investigate the cost and challenges involved in targeting an atmospheric CO2 concentration level of 350ppm. Given that current concentration levels are approximately 390ppm (seasonally adjusted) this target represents a reduction from current levels. Details of historic and current levels of atmospheric CO2 can be found here:-
http://www.esrl.noaa.gov/gmd/ccgg/trends/#mlo_data 

2) It is noteworthy that the target metric is expressed as an identifiable and measurable level of concentration of CO2 rather than a more nebulous concept of a maximum increase in temperature (+2oC) favoured by politicians and the IPCC. As to the figure itself, it has come from the scientific work carried out by Hansen et al. (see the review of Paper 2).

3) This target level of atmospheric CO2 emissions has itself been dynamic – just a few years ago policymakers and leading economists (see the Stern Review – Paper 17) were targeted much higher figures, some well in excess of 400ppm. The justification for this reduction lies in the science - recent empirical evidence indicates climate change is taking place considerably faster than scientists had expected only a decade ago.

4) The paper recognises the different views held by economists on the pace at which the world moves to a low-carbon economy. Some think that reaching for more ambitious mitigation targets, and quicker reductions in emissions, would mean economic disaster. Some economists have become known for advocating only slow and modest responses to climate change, lest the costs of mitigation become too large. The report claims that the 'go slow' recommendations are unjustified. A number of economic analyses, informed by recent scientific findings and using reasonable assumptions, suggest that more ambitious targets and quicker action make good economic sense. The warnings about climate change are growing steadily more ominous - but it has not, as a consequence, become impossibly expensive to save the planet. Having said that, the timescale that the model used in the report is 2200, rather than the 2100 figure that Hansen et al. have in mind!
5) The paper points out that estimates of the cost of mitigation often look at only one side of the economic story: How much might it cost to reduce atmospheric carbon to a specified target level? While near-term co-benefits (such as reduced air pollution) are commonly netted out in such studies, the important choice of a target level of CO2 concentrations is considered to be an inherently ethical and political decision. Yet some economists have tried to go farther, and perform a full cost-benefit analysis, setting mitigation costs against an estimated monetary value for all benefits, including those of avoided climate change for all future generations. This is commonly referred to as the determination of an "optimal" or cost-benefit-analysis based, climate policy. Economists taking this approach have often argued that the best policy is to do fairly little, especially at first.
6) The authors use the DICE model and modify the parameter so abatement begins more rapidly. They use a low discount rate as adopted in the Stern Review and “in addition to a few technical changes, they experiment with several possible values for two key parameters in DICE” They modify the climate sensitivity parameter and a parameter that relates economic damages to a change in temperature.

7) The results of the analysis show that the CO2 targets can be met with what appears to be a relatively modest cost of 1-3% of global GDP.

8) The paper’s policy recommendations conclude with:- 
“such a low target requires a large-scale, continuing effort throughout this century, and the development of major new technologies, as well as appropriate price mechanisms. Predicting the future is challenging, because it has not yet happened; predicting a century of technological and economic change is inescapably fraught with uncertainty.”

	Actuarial critique
9) There are a number of areas of the paper and its analysis that can be criticised:-
· The paper deals only with climate change – there is no mention of resource depletion or sustainability despite the fact that they are important risk factors.

· Like many economic analyses there is an implicit assumption that global GDP is, on average, going to increase. If this assumption were to be borne out in practice, then many problems would be solved. The paper does not discuss how this is going to be achieved in a sustainable way.
· Encouragingly, the authors invite the reader to:–

“Think of climate risk in terms of insurance. The reason people buy fire insurance is not because they are certain that their house will burn down; rather, it is because they cannot be sufficiently certain that it will not burn down. Likewise, the projections of dangerous climate risk if the world exceeds 350ppm CO2 in the long run are not certainties; they are, on the contrary, necessarily uncertain. If the worst happens, our grandchildren will inherit a degraded Earth that will not support anything like the life that we have enjoyed. On the other hand, if we prepare for the worst but it does not happen, we will have invested more than, in perfect hindsight, was necessary in clean energy, conservation, and carbon-free technologies. How would we feel about discovering we had done too much about climate change, compared to discovering we had done too little?

The analogy to insurance is important but inexact. There is no company selling planetary climate insurance, no one to whom we can hand 1 to 3 percent of GDP (if that is what it costs) and be confident that the problem will be taken care of.”

10) There is little evidence in the paper to suggest that the applied methodology would withstand close scrutiny from an actuarial analysis, or, if it were an insurance company would be able to satisfy a regulator.  The further development of methods such as described in this paper could therefore be an area where actuaries have much to offer as well as learn from.


	Paper 16
Citation of Paper :
	Silver, N., Cox, M. and Garrett, E. (2010). The Impact of Climate Change Overseas on the UK Financial Services Sector. International Dimensions of Climate Change, 7 August, 2010

	Location :
	Forthcoming

	Abstract

1) The paper investigates the impact of climate change overseas on the UK financial services sector over the course of the next century, using a variety of projections. The paper highlights the uncertainties over the impact of climate change, the effects those impacts will have on the socio-economic system, and what the financial system will look like over this time frame.

	Actuarial implications and importance

2) The paper distinguishes between shocks and trends. A shock may affect the financial market temporarily – this is often endogenously created by the markets themselves. This can cause short-term losses and gains, but after a time period business returns to its previous activity levels. Over the next century there will be many shocks, but most of these are unlikely to have a long-term impact on the sector. Some trends may have a greater impact - for example, being increasingly global which has caused rapid long term growth and change to the UK financial services sector.

3) According to the paper, there is little difference in the climate change impact between different climate change scenarios, but a large divergence in potential opportunities, with the UK well placed to capture value due to its position as pre-eminent centre for carbon finance.

4) In contrast, the evolution of the financial sector makes a massive difference to how climate change will impact the sector.

5) The paper finds that the insurance industry is the least vulnerable to climate change, because of the annual nature of its business, its risk management expertise and its low exposure to the most vulnerable areas. Probably the most vulnerable function is supply of capital – because banks are exposed to more vulnerable areas and are locked-in for longer periods. Similarly asset managers and supply chains are increasingly exposed to vulnerable emerging markets.

6) Given the interconnectedness of the sector, impacts in one sector have the potential to instigate contagion amongst others.

7) The impacts are split into three categories; primary (the direct climate impact), secondary (the indirect impact of climate change) and tertiary (the resultant impact on economic variables). The analysis shows that the financial sector is likely to be robust to primary impacts. However, it is exposed to secondary and tertiary impacts.

8) The UK financial sector, and London in particular, is a trading-hub and therefore has grown with increased globalization. It follows that anything which results in decreased globalization will reduce the size of the economy. Hence a climate impact which causes weakening of international institutions, decreased international security or mass migration will adversely affect the sector.

9) Climate change impacts which adversely affect the economic conditions could damage the sector significantly – for example increased uncertainty and inflation causing increased interest rates and a global recession.

10) The report finds that the effect on the UK financial sector’s competitiveness was ambiguous, although it was more likely to be positive as the UK is a leader in carbon finance and adaptation. Besides the opportunities available from carbon finance, the sector can also benefit from being a leader in adaptation. London is a major centre for the world’s insurance industry which is taking a lead to use risk management tools to facilitate adaptation to climate change.

	Source of further actuarial study

11) This paper is the start of research for further actuarial study. Previous studies have concluded that the impacts of climate change on asset portfolios are likely to be modest, as they have concentrated on the primary impacts, to which most portfolios have limited exposure. This paper highlights that it is the secondary and tertiary impacts that are important. However, the paper only outlines a methodology - this method needs to be developed further to be a useful tool.


	Paper 17
Citation of Paper :
	Stern, N. (2006). The Stern Review: The Economics of Climate Change. HM Treasury, London.

	Location :
	http://webarchive.nationalarchives.gov.uk/+/http://www.hm-treasury.gov.uk/sternreview_index.htm

	Abstract
1) This paper was commissioned by the then Chancellor of the Exchequer in July 2005, reporting to the Prime Minister and the Chancellor by the Autumn of 2006.

2) The scientific evidence that climate change is a serious and urgent issue is now compelling. It warrants strong action to reduce greenhouse gas emissions around the world to reduce the risk of very damaging and potentially irreversible impacts on ecosystems, societies and economies. With good policies the costs of action need not be prohibitive and would be much smaller than the damage averted.

3) Reversing the trend to higher global temperatures requires an urgent, world-wide shift towards a low-carbon economy. Delay makes the problem much more difficult and action to deal with it much more costly. Managing that transition effectively and efficiently poses ethical and economic challenges, but also opportunities, which this paper sets out to explore.

4) The paper set out a number of key themes that are of particular interest to actuaries:–

· “We use a consistent approach towards uncertainty. The science of climate change is reliable, and the direction is clear. But we do not know precisely when and where particular impacts will occur. Uncertainty about impacts strengthens the argument for mitigation: this paper is about the economics of the management of very large risks.

· We focus on a quantitative understanding of risk, assisted by recent advances in the science that have begun to assign probabilities to the relationships between emissions and changes in the climate system, and to those between the climate and the natural environment.

· We take a systematic approach to the treatment of inter- and intra-generational equity in our analysis, informed by a consideration of what various ethical perspectives imply in the context of climate change.”

5) Philosophically, the paper takes an approach that shares common thinking with a number of aspects of the actuarial discipline:– 
“It is global in its causes and consequences; the impacts of climate change are persistent and develop over the long run; there are uncertainties that prevent precise quantification of the economic impacts; and there is a serious risk of major, irreversible change with non-marginal economic effects.”

6) The paper takes an international perspective observing that since climate change is global in both its causes and consequences, international collective action is required and critical to drive an effective, efficient and equitable response on the scale required. The economic analysis in the paper is global, deals with long time horizons, has the economics of risk and uncertainty at centre stage, and examines the possibility of major, non-marginal change.

7) Innovatively, the paper considers the economic costs of the impacts of climate change, and the costs and benefits of action to reduce the emissions of greenhouse gases (“GHGs”) that cause it, in two different ways:-
· Using disaggregated techniques, in other words considering the physical impacts of climate change on the economy, on human life and on the environment, and examining the resource costs of different technologies and strategies to reduce greenhouse gas emissions;

· Using economic models, including integrated assessment models that estimate the economic impacts of climate change, and macro-economic models that represent the costs and effects of the transition to low-carbon energy systems for the economy as a whole.
8) Using comparisons of the current level and future trajectories of the ‘social cost of carbon’ (the cost of impacts associated with an additional unit of greenhouse gas emissions) with the marginal abatement cost (the costs associated with incremental reductions in units of emissions).
9) The main conclusions of the paper are:–

· The benefits of strong, early action on climate change outweigh the costs.
· The scientific evidence points to increasing risks of serious, irreversible impacts from climate change associated with business-as-usual (“BAU”) paths for emissions.
· Climate change threatens the basic elements of life for people around the world - access to water, food production, health, and use of land and the environment.

· The damages from climate change will accelerate as the world gets warmer.
· The impacts of climate change are not evenly distributed - the poorest countries and people will suffer earliest and most. And if and when the damages appear it will be too late to reverse the process. Thus we are forced to look a long way ahead.

· Climate change may initially have small positive effects for a few developed countries, but is likely to be very damaging for the much higher temperature increases expected by mid- to late-century under BAU scenarios.

· Integrated assessment models provide a tool for estimating the total impact on the economy; Stern’s estimates suggest that this is likely to be higher than previously suggested.

· Emissions have been, and continue to be, driven by economic growth; yet stabilisation of greenhouse-gas concentrations in the atmosphere is feasible and consistent with continued growth.

· Achieving these deep cuts in emissions will have a cost. The Review estimates the annual costs of stabilisation at 500-550ppm CO2e to be around 1% of GDP by 2050 - a level that is significant but manageable.

· The transition to a low-carbon economy will bring challenges for competitiveness but also opportunities for growth.

· Policy to reduce emissions should be based on three essential elements: carbon pricing, technology policy, and removal of barriers to behavioural change.

· Establishing a carbon price, through tax, trading or regulation, is an essential foundation for climate-change policy.

· Policies are required to support the development of a range of low-carbon and high-efficiency technologies on an urgent timescale.

· Adaptation policy is crucial for dealing with the unavoidable impacts of climate change, but it has been under-emphasised in many countries.

· Creating a broadly similar carbon price signal around the world, and using carbon finance to accelerate action in developing countries, are urgent priorities for international co-operation.

· Scaling up flows of carbon finance to developing countries to support effective policies and programmes for reducing emissions would accelerate the transition to a low-carbon economy.

· Greater international co-operation to accelerate technological innovation and diffusion will reduce the costs of mitigation.

· Curbing deforestation is a highly cost-effective way of reducing greenhouse gas emissions.

· Adaptation efforts in developing countries must be accelerated and supported, including through international development assistance.

· Building and sustaining collective action is now an urgent challenge.
· There is still time to avoid the worst impacts of climate change if strong collective action starts now.

	Actuarial implications and importance
10) It is hard to underestimate the importance and influence that the Stern Review has had on the global formulation of climate change policy. Many of the recommendations listed above form the basis of current global climate change negotiations.

11) The paper was one of the first pieces of integrated research to formulate models that could act as a bridge between the science of climate change and policy formulation in a disciplined framework. Yet, like many pioneering developments in human endeavour, when it was published it was not without a wave of criticism.

	Actuarial critique
12) Many actuaries will be interested in the paper’s approach to building long-term intergenerational models; how to treat different generations equitably; the choice of an appropriate long-term discount rate; the financial treatment of the tails of stochastic distributions; the interpretation of stochastic models and so on.

13) The Actuarial critique of Paper 3 (Dietz, S. (2009). High impact, low probability? An empirical analysis of risk in the economics of climate change) points out that the Review uses a triangular distribution to model future global temperatures, thereby reducing the impact of the distribution tail. This seems at variance to the trend in financial modelling that is being vigorously pursued by global regulators e.g. under Solvency II.

14) The Actuarial critique of Paper 7 (Weitzman ML 2008. On modelling and interpreting the economics of catastrophic climate change. The Review of Economics and Statistics, Vol XCI No.1.) uses an interesting and different approach to the Stern Review to explore the financial impact of the tails again looking at low probability/ high cost (impact) events.


	Source of further actuarial study
15) The Institute and Faculty of Actuaries have recently sponsored research on Discount Rates. The paper is mainly concerned with analysing and comparing the different approaches found in the various areas of actuarial work, such as life and general insurance and pensions. However, the paper does discuss briefly (page 68 et seq.) the Treasury’s approach to “intergenerational” discounting, which was modified in 2008 following the Stern Review”. Their report has recently been published and can be found here:-

http://www.actuaries.org.uk/research-and-resources/pages/discount-rate-project 
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Citation of Paper :
	Snow Spalding, K. (2010). Climate Risks and Opportunities: A survey of asset managers' practices. Ceres/Investor Network on Climate Risk, January 2010.

	Location :
	http://www.ceres.org/pubs/assetmanager 

	Abstract
1) The paper looks at whether asset managers have taken on board the risks linked to climate change. Despite what it considers as a significant risk in a future “carbon constrained” economy, it finds that only a small number of managers seem to be taking seriously the risks linked to climate change. The overwhelming majority either believe that such risks are not material to the investment process or consider climate change risk as a separate subset from their main operations rather than factoring it in as a risk factor in to all decisions. For example, 75% of managers  do not take climate change into account in the due diligence of investments; those that do take into account climate risk seem to concentrate on legislation and litigation risk implying that they do not consider the impacts of climate change itself a big risk to future investment return.

2) The paper notes that such findings are not surprising given the low number of investors asking their managers about these risks, the lack of pressure from authorities and regulators regarding assessment and disclosure of such risks and the inherent short-termism of the industry.

3) The paper recommends the introduction of a number of measures for managers including  the requirement to perform “climate change due diligence” on investments, improving disclosure, taking into account climate change in the assessment of corporate governance and working with regulators to improve the consistency and depth of reporting. In addition, a voting policy should be developed for questions linked to climate change.

4) For institutional investors, the paper recommends putting in place formal measures to assess climate risk in their investment portfolio, better training for staff, putting in place sustainability policies and working with authorities to improve disclosure so that they can assess managers on a consistent basis.

5) The paper concludes that climate change risk is being significantly underestimated by asset managers and their clients. All is not lost; there is good practice out there and many managers do have the expertise to properly assess climate change risks. In addition, pressure from clients would lead to an immediate change in practice on the part of fund managers.

	Actuarial implications and importance
6) The paper is a useful reminder that a significant long term risk for pension fund investment is not being properly assessed by the overwhelming majority of asset managers – and importantly also by their clients.
7) If the risk is real – which as the paper reminds us is the general consensus – this will clearly impact on the ability of pension funds to meet their future liabilities.
8) The paper highlights that when it comes to the risks, there may well be an inconsistency in how this is treated depending on the source of the risk.

	Actuarial critique
9) The paper is not a technical study but a result of a survey of fund managers. The reasons for the lack of action on climate change risk are set out in the paper.

10) From an actuarial point of view, it appears clear that investment managers are using a much higher discount rate than their clients. The asset manager is remunerated and rewarded on the basis of very short term performance. It is therefore not surprising that a risk which is difficult to assess and which will occur gradually at some future date is not considered seriously by managers. However, it is a shame that pension fund clients are not asking more questions and this suggests that they themselves are underestimating the long term risk.  

11) Other reasons for the mismatch may be the faith of managers in adaptation measures or the general ambient scepticism in the US regarding climate change.
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Citation of Paper :
	a.
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b.
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	a.
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	Abstract
1) This report investigated pension fund trustees’ attitudes towards their role and responsibilities in relation to climate change, to discover whether they were harnessing their power to effect change. It summarises the views of 20 interviewees, mainly member nominated trustees, from funds ranging from £4m to many billions. All the pension schemes were basically defined benefit and the interviews were conducted between October 2007 and May 2008.

2) Interviewees indicated that climate change did not generally feature on the agenda of their trustee meetings and that they considered it to be a relatively unimportant factor. They were generally unaware of their fund managers’ activities concerning climate change. They maintained that their members did not seem to be interested. Whilst some employers were starting to recognise climate change in their strategies, this did not seem to be filtering through to their pension funds. Although most interviewees said that climate change could be a material issue for their funds, their understanding of how it could affect shareholder value and financial return was limited.

3) In a follow up exercise (One Year On), with half the original 20 interviewees in late spring 2009, similar results were obtained, although the individual trustees were more aware of the issues following their earlier involvement in the survey. Indeed the general comment was then made that climate change was a bigger issue than the banking crisis in the long term. The trustees from the large funds were generally more knowledgeable.

4) The recommendations from the reports were for:-
· More research into accountability and governance issues surrounding trustees, sponsors, investment managers and members.
· Development of a voluntary code of practice or guidelines for trustees, endorsed by Government and recognised authorities, as to how trustees should deal with climate change and other sustainability issues (this had not been addressed specifically in earlier reviews by Lord Myners).

	Actuarial implications and importance

1) These reports are based upon a small survey, which is self selected to a degree, but they are based on detailed telephone questioning and cover a selection of both very large and relatively small funds. The results obtained are consistent with other investigations, including the perceived failure of governance in relation to the banking crisis itself, with investors not engaging with businesses on their strategies and remuneration policies.

2) These reports provide a useful discussion of the perceptions of trustees and the difficulties in addressing these issues arising from the separation of ownership and management, and possible conflicts of interest. They also provide a reference to other work in this area, including the work of the Carbon Trust, IIGCC and Mercer in 2005 (“A Climate for Change: A Trustee’s Guide to Understanding and Addressing Climate Risk”).

3) The implications of the reports is that, in general, both investment managers and investment advisers could do more in drawing the attention of trustees to the issues which they should be considering. This is underlined by the recent increase in litigation concerning investment matters, particularly in the United States.


E
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	Paper 20
Citation of Paper :
	Dlugolecki, A. (2009). Coping with Climate Change: Risks and Opportunities for Insurers. Chartered Insurance Institute

	Location :
	http://www.cii.co.uk/pages/research/climatechangereport.aspx 

	Abstract
1) The Chartered Insurance Institute’s (“CII”) commissioned this study into the effects of climate change for the insurance sector looks at strategic issues that face the insurance industry from the perspective of UK-based insurance practitioners, including the London Market, and in critical areas of developing countries.

2) Building on previous works on climate change by the CII, (earlier studies were published in 1994 and 2001), the study considers how climate change affects all aspects of the insurance industry, including its core functions of underwriting, claims handling, investment, and management and examines the implications for customers in key market segments. It takes account of current scientific research in the field, relevant political initiatives, the recent experience of the insurance markets and developments in the global economy.

3) The research was undertaken by a voluntary study group of qualified insurance practitioners and scientific experts in the field, led by Dr Andrew Dlugolecki. The group liaised with other relevant bodies such as the UK Climate Impacts Programme and the Association of British Insurers, in the course of their review. The CII also sought the views of its members via a survey to establish their perspective on climate change and how it affects their professional working practices.

4) The study identified a number of key findings:-
· The IPCC’s Fourth Assessment Report concludes that warming of the climate is “unequivocal” and further increases in temperature are inevitable.

· Catastrophe models have become increasingly important as the scale of weather losses has risen, yet they often differ considerably.

· Climate change increases the possibility of insurance market failure, particularly due to events outside Europe.

· Two major innovations in the area of alternative risk transfer products offer the potential for major new insurance markets associated with climate change: catastrophe bonds and weather derivatives.

· In light of the end of “flood-for-all” cover in the UK in 2013, insurers need to speedily refine their underwriting of flood risk to avoid anti-selection.

· The UK has not experienced a major storm for years. Recent research casts doubt on the ABI’s projections that winter storm costs in Europe might be just 5% higher by 2080 due to climate change – other studies suggest 25% or 35%.

· Small and medium sized enterprises (“SMEs”) are not prepared for the impacts of climate change, despite the fact that the smaller the business the more vulnerable it is to climate shocks.

· Major companies, too, are vulnerable to climate change due to the employment of sophisticated technologies and systems, and the location of facilities and suppliers in developing countries.

· Climate change may affect liability risk. Insurers’ clients may be exposed to claims that they did not reasonably foresee the possibility of weather-related damage.
· Globally the insurance industry has assets under management of $55tn. These assets will both be impacted by and have an impact on climate change, yet this factor is still largely ignored.

· Tradable permits for GHGs and emission reductions projects form the backbone of the emerging carbon markets.

5) The study looks at the implications of climate change under two broad headings – mitigation and adaptation.

6) Mitigation. Government policies at all levels will become increasingly stringent in order to achieve cuts in GHGs of 50% globally by 2050, and as much as 80% in developed countries like the UK. Insurers can play a part in helping mitigation policies to be more effective. Key issues are:

· Product design - insurers and advisers can guide clients towards climate-friendly products and processes through pricing and other features.

· Risk transfer - insurers and advisers can assist the growth of clean energy through innovative risk transfer solutions developed in collaboration with the energy sector.

· Procurement - insurers can potentially influence manufacturers and retailers towards climate-friendly products due to their bulk buying power.

· Investment - insurers as investors can influence the corporate sector towards climate-friendly products and processes; real estate developers towards sustainable design and at the same time improve their own returns. There are also a number of alternative investment avenues like carbon funds and catastrophe bonds.

7) Adaptation. There is evidence that weather patterns are changing and is already affecting insurers through increased claims. The insurance industry needs to prepare for this continuing trend. At the same time, proactive insurers can help other stakeholders to adapt to climate change more effectively. Some key issues are:-
· Risk information - access to public information about climatic hazards and exposure is often expensive and difficult.

· Risk assessment - estimates of future risk need to incorporate climate as a dynamic component. Risk management should consider a range of climate projections, not rely on single model output.

· Loss prevention - insurance products could be designed more effectively to encourage risk management by at-risk policyholders.

· Pricing - terms, whether multi-risk or single-peril, should always reflect the underlying climatic hazard.

· Risk transfer - non-indemnity products like weather derivatives and catastrophe bonds offer a way to deal with climate variability in many sectors.

· Reinsurance - insurers should calculate their flood exposures with an allowance for a steady “climate change” increase of 2 to 4% per year, apart from other factors.

· Loss analysis - when handling claims can provide valuable ‘field’ experience to determine future design and work guidelines for construction and contingency planning.

· Vulnerable segments of society - they often lack access to insurance. Collectively, insurers should press Government to recognise the fact that the vulnerable need to budget for insurance in their limited expenditure.

· Developing countries - there is tremendous scope for insurance to assist developing countries to adapt to climate change, through innovative techniques like micro-insurance and indexed insurance products.

· Investment - investors are exposed to climate risk in high-risk countries and regions like coastal zones through assets like real estate, corporate securities, and possibly government bonds. There are a number of interesting chapters in the report on possible effects on assets and different economic sectors.
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Citation of Paper :
	Mookerjee, A., Stein, D., Clarke, D., Grenham, D. and Sharpe, J. (2010). Crop Micro-insurance: Tackling poverty- one insurance policy at a time.

	Location :
	Forthcoming

	Abstract

1) Micro-insurance can be simplistically defined as insurance for the low-income population of developing economies. This is a relatively new area of interest in the global insurance market and active participants include local communities, non-profit organisations, multinational insurance and re-insurance companies, and governmental and intergovernmental bodies. Micro-insurance has the potential to play a crucial role in reducing poverty and in improving living standards for low income communities around the world. Given the size of the potential market, there are significant opportunities for growth in micro-insurance classes such as life, health, crop, livestock, personal-accident and others.

2) The actuarial profession has the potential to make a significant contribution to the development of micro-insurance, just as it has done for insurance in now developed countries. When attempting to solve micro-insurance problems, it is important that actuaries work closely with academics and other professionals.

3) This paper focuses on crop micro-insurance. High proportions of people in developing countries directly depend on agriculture and are therefore vulnerable to adverse agronomic events, such as droughts. Farmers face production and post-production risks, all of which have the potential to materially affect quality of life. In the absence of crop insurance, farmers manage agronomic uncertainty both by reducing the risk levels of the income process, for example by planting crops with low covariance in yields, and by dealing with the consequences of any residual risk, for example by pooling risk within extended families, ethnic groups, neighbourhood groups or professional networks. These risk management methods are often useful but suffer from various inefficiencies. Crop insurance, where available, can be a useful component of an agricultural risk management strategy.
4) Crop insurance can be offered on an indemnity basis, where claims are based on incurred crop loss, or on an indexed basis, where claims are a defined function of an index, chosen to be a good proxy for incurred crop loss. There is not yet a consensus amongst academics or practitioners as to the best form for crop micro-insurance but leading contenders include weather index insurance, area yield index insurance and group stop loss indemnity insurance. Claims payments from weather index insurance are a defined function of recorded weather at a contractual weather station. By contrast, area yield indexed insurance claims are a function of average local yields for a specific crop, estimated through crop cutting experiments in a sample of local farms, and group stop loss indemnity insurance claims are a function of the total crop loss incurred by a large group of farmers, who are joint policyholders.
5) Various parties are involved in providing crop micro-insurance. These include grassroots level organisations, insurance and reinsurance companies, distribution channels, third party administrators, governments, regulators, non-governmental organisations (NGOs) and international financial organisations. The actuarial profession can also have an important role to play in providing technical assistance for crop micro-insurance, particularly in areas such as product design, pricing and risk finance and management.

6) Designing a useful, affordable micro-insurance product is challenging.  For example, when designing a weather index crop micro-insurance product various important and sometimes conflicting factors need to be considered. An agronomic basis needs to be developed for the insurance product. The product should be easily understandable by the target market, basis risk needs to be minimised and weather data for measuring indices needs to be collected. Different versions of the product need to be considered depending on circumstances, e.g. standalone, packaged with a loan or savings product.

7) As for other insurance products the premium for crop micro-insurance comprises the expected payout, expense loading, profit margin and cost of capital. When pricing a portfolio of weather indexed crop micro-insurance policies a portfolio approach to estimating the expected payouts is likely to be more efficient than a standalone approach. Portfolio risk analysis can be carried out to determine the amount of risk capital required. 
8) There are various mechanisms, which insurers could use to finance a crop micro-insurance product. These include self financing, mutuality, reinsuring, government funding, catastrophe bonds and pooling. All these methods have their pros and cons and a provider may decide to use a combination of these methods to finance different risk layers.

	Source of further actuarial study

9) To date there has been relatively little publicly known about the work of actuaries in the area of micro-insurance. Partly this will have been due to most actuaries working in developed countries where micro-insurance is not a product offering. However, the Actuaries without Borders section of the International Actuarial Association has as one of its areas of focus micro-insurance/finance and micro-finance and the IAA itself has a micro-insurance working group. The Profession in the UK also has a micro-insurance working party, which has written this paper and presented it at a workshop in GIRO 2010.
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	Abstract

1) The insured proportion of economic losses from weather related natural disasters is rising significantly, with a shrinking gap between premiums charged and losses incurred. The insurance industry and society in general have historically been caught unprepared for the full extent of these catastrophe losses. For various reasons the cited magnitude of these actual losses for insurers have been systematically underestimated. For example, relatively “smaller” natural disasters are often not recorded in summary statistics. In recent years, global weather related losses have been trending upwards faster than population, inflation, insurance penetration, non-weather related events etc. According to the Intergovernmental Panel on Climate Change (“IPCC”) climate change has played a role in the rising costs of natural disasters. The Association of British Insurers (“ABI”) estimates that extreme weather events could have doubled UK property losses. Damages from US storms have grown by 60-fold from the 1950s to the 1990s! Many human activities (e.g. early warning systems, flood control) mask the actual severity of recent natural disasters. The dynamic interaction of various factors could exacerbate the effects of climate change. Moreover new types of losses (e.g. thermal extremes, coral reef bleaching) could have very adverse effects on society and the insurance industry.

2) As the world’s largest industry and with considerable regional variations, the insurance industry is well placed to proactively form public-private partnerships for spreading risks over time, large geographical areas and over different socioeconomic groups. The availability and affordability of insurance is essential for economic development and financial cohesion of society and for security and peace of mind.

3) Most forms of insurance are also very vulnerable to the likely effects of climate change. Examples of risks insurers face includes the changing patterns of claims, correlated losses, failing to keep up with changing customer needs, which may arise due to climate change and widespread geographical simultaneity of losses. Insurance companies are particularly vulnerable in developing countries, which are more vulnerable to the effects of climate change. In general insurers encounter increasing difficulty handling extreme weather events and consumer demands may shift to the alternatives such as weather derivatives. Practices such as under-pricing and selling a “loss leader” makes the industry even more vulnerable if large catastrophes coincide with the underwriting soft cycle for example.

4) However, the insurance industry can play a very important role by addressing some of the root causes of climate change, just like it has historically played a pivotal role in addressing many global challenges. More specifically, the insurance industry can:

· Develop better modelling techniques for forecasting natural disasters and climate change.

· Facilitate the implementation of other risk management methods e.g. protecting natural assets such as coral reefs, mangrove forests etc.

· Engage with governments in forming public-private partnerships, which can develop and refine a suite of risk management tools and policies.

· Invest in new business opportunities, (e.g. in the market for emission permits) which arise as a consequence of tackling climate change.

5) The author emphasises that the insurance industry is not fomenting fear about climate change in order to generate more business, mentioning that in fact very few insurers are currently proactively discussing climate change. The author concludes that the insurance industry should actively seek to play a major role in dealing with climate change.

	Actuarial implications and importance

6) Since this paper specifically deals with the insurance industry’s role in tackling climate change, actuaries have an important role to play in respect of most of the issues raised by Mills. Actuaries may be interested in understanding to what extent weather related losses have been trending upwards and to what extent is this actual trend masked by human activity and summary statistics, which may not describe the ‘full picture’.

7) In sensitivity and scenario tests actuaries may be interested in modelling the effect of large losses due to climate change coupled with other scenarios such as the soft underwriting cycle. In general actuaries may want to consider refining approaches to catastrophe modelling in order to allow more accurately for climate change losses. Actuaries may also be interested in developing other risk management tools and in exploring the new business opportunities, which may arise as a part of the public-private risk management strategy to tackle climate change.


	Paper 23
Citation of Paper :
	United Nations Environment Programme Finance Initiative. (2009). The global state of sustainable insurance – Understanding and integrating environmental, social and governance factors in insurance.

	Location :
	http://zunia.org/post/the-global-state-of-sustainable-insurance-understanding-and-integrating-environmental-social-and/ 

	Abstract
1) This paper describes insurance mechanisms and other forms of risk spreading and sharing that could potentially be used to manage climate risk.

2) The paper describes the hazards, assets and vulnerability that developing countries may face from climate change, and reviews several options for managing financial risks from impacts. It proposes three innovative financing schemes for this purpose.

3) The purpose of the paper is to inform countries as they consider implementing adaptation action under the UNFCCC, and governments and organizations in their actions to manage financial risks from the direct impacts of climate change and to enhance resilience to the impacts of the adverse effects of climate change.

	Actuarial implications and importance

4) Rather than look at the problem of climate change, this paper looks at the potential adaptation solution to manage risk. This does not therefore have an immediate impact on actuaries, but is a potentially exciting area of future work.

	Actuarial critique
5) The paper outlines three potential mechanisms. These are only really sketches of how they can work, and it is not actually clear how they would work in practice. The potential problems are enormous including inter-governmental cooperation, risk sharing and resource transfer which may be over-ambitious. The actual technical challenges would also be potentially enormous. 

	Source of further actuarial study
6) This is an enormously fertile potential area for future research. The mechanisms are only partially developed and there is surely a role for actuaries to research how they might work on a macro and micro scale (indeed there are already actuaries doing this).

7) Also the hazards and damage assessments within the paper are only ball-park estimates, actuarial techniques require development to be able to handle these problems.


	Paper 24
Citation of Paper :
	The Impact of Climate Change on Non-Life insurance, climate change working party – GIRO 2007

	Location :
	http://climatechange.pbworks.com/f/ImplicationsOfClimateChangeForNonLifeInsurers.pdf

	Abstract

1) This paper provides a high level of the impact of climate change on Non-Life insurance.  It was written by the Climate Change Working Party. They have an online wiki here:-
http://climatechange.pbwiki.com
2) The paper provides a brief synopsis of the current science on climate change (in 2007, 3 years out of date) saying that temperatures are rising, due to increased CO2 levels, and shall continue to do so unless CO2 levels reduce.
3) It then summarises possible threats and opportunities for Non-Life companies of climate change:-
· Threats -
· Liabilities shall increase across many lines of business e.g. increased frequency and/or severity of tropical windstorms impact on property.
· Asset values may fall e.g. equities may fall as companies profits are adversely effected by windstorms, flooding, drought etc.
· Increased uncertainty about assets and liabilities would require additional capital.
· Reputational risk for the industry will increase.
· Increased extreme events that lead to extreme losses for the non-life industry could bankrupt a/several companies leading to a loss of confidence in the industry.
· Opportunities -
· Insurance companies can help governments and individuals adapt:-
· Encourage (through lower premiums) individuals to minimise the damage caused by an event, for example flooding, through taking preventative measures.
· Require governments to develop sustainable land use in return for guaranteeing to provide insurance e.g. for flood risk.
· Offer cover to the poor in developing countries, for example weather derivatives to farmers.
· Insurance companies can help governments and individuals mitigate risk:-
· Offering insurance to new types of projects e.g. wind farms, solar plants geo-thermal plants, hydro power stations.
· Offer new types of insurance to new markets e.g. cover the risk that carbon offsetting projects fail to produce the carbon credits they initially expect to.


F
Health and Mortality
Papers 25a and 25b
	Citation of Paper :
	a.
Kovats, S. (ed.) (2008)  Health Effects of Climate Change in the UK 2008  (An update of the Department of Health report 2001/2002) Department of Health

b.
Watkiss, P., Horrocks, L., Pye, S.,  Searl, A. and Hunt, A. Impacts of climate change in human health 
in Europe.  PESETA-Human health study JRC 
Scientific and Technical Reports.  European 
Commission

	Location :
	a.
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_080702
b.
http://ftp.jrc.es/EURdoc/JRC55393.pdf

	Abstract

1) In prefacing Kovats (2008), Sir William Stewart writes 
“Preparing for climate change is now one of the top four shared priorities for UK action set out in 2005 in Securing the future: Delivering the UK sustainable development strategy”.

2) Kovats (2008) provides expert update and views on the impact of climate change on UK health. Climate change will manifest in higher temperatures, increased heatwaves (frequency, duration and intensity), reduced duration of cold snaps and generally reduced episodes of high wind speeds. The report assess the impact on health through temperature changes, flooding, vector-borne diseases, food borne disease, water supplies, air pollution and ultra-violet radiation. The report updates Department of Health (2000) and recommends that the two are read in conjunction.

3) Mortality effects will be greatest through direct effects of rising temperatures. Reduced cold snaps and increasing mean temperature will reduce cold-related mortality. Increased likelihood of heatwaves (9 consecutive days with temperatures exceeding 27oC), and increased severity thereof will increase heat-related mortality e.g. strokes and cardiovascular mortality.

4) Whilst Kovats (2008) provides limited quantitative projection of future hot and cold mortality rates, Watkiss et al (2009) models the impacts on a pan-European basis. Using the 'U' or 'V' shaped response of mortality to temperature the authors using a bottom-up approach of combining existing health impact models, empirical relationships between climate and health and a variety of climate change projection models to identify the potential local changes in heat and cold related mortality owing purely to climate change.  Daily output is then aggregated to provide snapshots of the impact of climate change over 30 year periods. Over the period 2011-2040, Watkiss et al estimate that (all age, pan-European) mortality rates will be reduced by 5 to 17 per 100,000 i.e. the reduction in cold related mortality dominates any increased heat related mortality.

5) Both Watkiss et al. and Kovats identify that temperature related effects are likely to be relatively benign during the first half of the 21st Century.  However, beyond circa 2060 the impact of considerably hotter summers will be more significant, with effects of heat related mortality potentially outweighing reductions in cold-related mortality. Over the period 2071-2100 the range in net effects on hot- and cold-related mortality of climate change is between a reduction in European (all age) mortality rates of 15 per 100,000 and an increase in mortality rates of 4 per 100,000. However, impacts may be less marked in the British Isles which is projected to experience smaller climate changes.

6) One key question posed by Watkiss et al. is whether populations can acclimatise and/or adapt to changes in temperatures over these timeframes. If so the heat related mortality (and possibly cold-related mortality) may be less sensitive to climate change, and significantly changes the author’s estimates on the mortality impacts.

7) A key challenge to the UK will be whether we can adapt in the style of Mediterranean Europe (use of shade and avoiding exertion at peak temperatures); or whether we will follow the US into the negative environmental feedback loop of increased prevalence of energy intensive air-conditioning.

8) Watkiss et al. and Kovats both identify increased risk of food borne diseases notably Salmonella. The papers also agree that whilst climate change may support conditions for increased morbidity from vector-borne diseases such as malaria and tick-borne encephalitis, UK and European behaviours in terms of travel pursuits and leisure activities will be more important risk factors.

9) Kovats also identifies that:-
· Risk exposure to severe flood events (comparable to 1953) is likely to increase especially along the North Sea Coast unless coastal defences are upgraded. In some areas 1 in 500 year events will become 1 in 15 year events. This may also be associated with increased mortality and morbidity (including psychological stress).

· Respiratory disease morbidity is likely to rise owing to increased incidence of summertime air pollution episodes.

· Skin cancer morbidity and mortality are likely to rise owing to increased exposure to ground level ultraviolet radiation, although increased sunlight may have positive effects on morbidity though Vitamin D (skeletal health and potentially cancer benefits).

	Actuarial implications and importance

10) Climate change is likely to exert, over the short to medium term, some downward pressure on mortality rates. Over the longer term increased heat-related mortality may put upward pressure on mortality. The effects are likely to be concentrated at the older ages and so of relevance to life insurance and pensions actuaries. However the impacts are projected to be relatively modest within the UK (and highly uncertain).

11) Milder winters and cooler summers will change the seasonal pattern of mortality, with reduced winter excess mortality and upward pressure on summer mortality. Where actuaries are carrying out monthly projections of mortality, then modification of models to reflect this may be appropriate.

12) General insurance claims are likely to be affected by considerably higher frequency and severity of claims anticipated from coastal flooding, but generally reduced levels of claims from wind damage. The changes to claims will be geographically dependant and some areas may see increased claims from wind damage.

	Actuarial critique

13) Knowledge on the health impacts of climate change is relatively speculative, with a mix of bottom-up modelling using detailed, granular, climate models and relatively simplistic health response functions (e.g. Watkiss et al.), meta-analysis and qualitative arguments.  The resulting quantitative estimates, where they exist, of impacts on mortality and/or morbidity should be considered to be highly uncertain. For example, Watkiss et al. suggest the uncertainty in their estimates may be as much as two orders of magnitude.

14) In short, analysis to date indicates that climate change is likely to increase mortality and morbidity and mitigating actions need to be taken by policy makers. However, the future is highly uncertain, and there is a need for work to further our understanding the response functions between morbidity/mortality and climate change variables i.e. how does morbidity and mortality change with temperature, and in particular whether these effects age-dependant.

15) Neither of the papers reviewed addresses whether the indirect effects of climate change will result in increased competition for finite resources and the potential impacts this will have on mortality and morbidity.

	Source of further actuarial study

16) As a Profession, actuaries would benefit from forging closer links with researchers in this area. The impacts of climate change on mortality and morbidity are uncertain, but having scenarios which are accessible and suitable for our needs of quantifying and managing risks for our clients and employers should be beneficial to all.

Additional references:

Department of Health. (2000). Health effects of climate change  Retrieved from: http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4108061.pdf
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Citation of Paper :
	Costello,A., Abbas, M., Allen,A., Ball, S., Bell, S., Bellamy, R., Friel, S. Grace, N. Johnson, A., Kett, M. Lee, M. Levy, C., Maslin, M., McCoy, D., McGuire, B., Montgomery, H., Napier, D., Pagel, C., Patel, J., Puppim de Oliveira, J.A., Redclift, N., Rees, H., Rogger, D., Scott, J., Stephenson, J., Twigg, J., Wolff, J. and Patterson, C. (2009). Managing the health effects of climate change. The Lancet, Vol 373, 16 May 2009.

	Location :
	http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)60935-1/fulltext 

	Abstract

1) This report uses citations from 175 different papers on the health impacts of climate change to provide a sweeping overview of climate change, the direct and indirect health impacts and recommendations of how local, national and international policies need to change.
2) In contrast to the UK and European perspectives of Kovats and Watkiss et al., the report provides a global perspective on the implications of climate change which it considers to be the biggest global health threat of the 21st Century.

3) The report is based on conservative estimates of the impacts of climate change – noting that even these estimates are profoundly disturbing in terms of health effects and are a call for action.  The report also expresses concerns that the less conservative estimates may have implications beyond our scope for adaptation.
4) In preface the report it's authors highlight how climate change exacerbates inequalities between rich and poor, stating:-
"The inequality of climate change - with the rich causing most of the problem and the poor initially suffering most of the consequences - will prove to be a source of historical shame to our generation if nothing is done to address it.”

5) The authors identify six ways in which climate change can affect health:-
· Changing patterns in disease and morbidity. Examples include: heat-related stress exaggerated by ‘heat island effects’ in cities; changes in transmission rates of vector-borne diseases (e.g. malaria) and rodent borne diseases; vector-borne diseases occurring at higher altitudes; increased rates of arbovirus infections (e.g. dengue fever) owing to combinations of inadequate water storage, heavier rainfalls and higher temperatures
· Food supply and security: Negative health outcomes arising from under-nutrition and worsening hunger owing to increased drought, salination of agricultural lands due  to sea level rises  and reduced crop yields (for example crop yields can reduce by 17% for every +1ºC temperature rise).
· Water and sanitation. Concerns are noted regarding access to clean water and sanitation - e.g. more than 1/6 of the global population live in glacier-fed water catchments, the flow of which will decrease as glaciers disappear.

· Shelter and human settlements.
· Extreme Events. An increased number and severity of weather-related disasters liable to lead to increased mortality and morbidity.
· Population and migration. Rising sea levels (1/3 of the world’s population lives within 60 miles of the shoreline) along with pressure and competition for food, water and land are liable to lead to environmental migration, potentially resulting in hundreds of millions of displaced people. Potential negative health effects identified include those arising from the migration process and from the potential conflicts due to mass movement across national borders.
6) The biggest health effects of climatic change are viewed to be the indirect effects.  Changes in pattern of disease and mortality arising from climatic change are considered to be less material.
7) Climate change is estimated to have been responsible for the loss of 5.5m disability adjusted life years (i.e. years lost allowing for premature mortality along with the time spent with disability) in 2000. Separate citations indicate that global environmental change could have an impact on healthy life years in poor African populations which is 500 times greater than in European populations.

8) The challenges facing us if we are to adapt to climate change are identified as informational, poverty and inequality, technological, socio-political and institutional.  These challenges include the potential for greater carbon emissions arising as poorer countries go through the demographic transition (i.e. population growth until attain a stable low fertility and mortality) and the socio-economic transition (climb out of poverty).  In this regard the report distinguishes between ‘survival’ emissions and ‘luxury’ emissions and notes that moving from high to low carbon economies will require rich countries to reduce ‘luxury’ emissions in order that “poorer countries can increase emissions to achieve health and development gain”.
9) The report includes a broad policy response framework which it summarises as:-
· Adopt policies to reduce carbon emissions and increase carbon bio-sequestration.
· Take action on the events linking climate change to disease.
· Put in place appropriate public health systems to deal with adverse outcomes.

	Actuarial implications and importance

10) This report is an excellent introduction to the scope of climate change on global health.  It is a poignant reminder of the global nature of the health impacts – and how the actions of richer nations are likely to have dramatic impacts on the health of individuals in poorer nations.

11) For actuaries working in global general insurance and life insurance markets the report provides valuable insights into the potential changes to risk profiles of their portfolios.  In particular a stark reminder is given of the potential for increased insurance claims from extreme weather-related events, for example:-
· Increased rate of ‘great weather-related disasters’ from 2 pa to 6 pa (1950-2007).
· 15,000 deaths and $65bn economic losses from extreme weather / climate related events in 2007.
· 13 of the world’s 20 largest cities are located on the coast.
· The number of people vulnerable to storm surges is projected to increase from 200m to 600m.

	Actuarial critique

12) This report suggests we face considerable challenges to global health from climate change. The long term business models for the global life, health and general insurance markets may need to change to reflect responses to these challenges.

	Source of further actuarial study

13) The report highlights that making decisions in the face of unavoidable uncertainty in projecting future health risks is “not something that is much, if ever, done in routine environmental epidemiology and public health”. In contrast actuaries routinely have to make decisions and formulate advice in the face of uncertainty, suggesting actuaries have a skill set well placed to help solve the informational challenges raised.

14) A number of needs are identified by the report where we believe the skills of actuaries could be put to valuable use. These include:-
· Estimating the financial costs of the health effects of action and inaction in the face of climate change.
· Understanding the health effects of more severe global temperature rises (e.g. +3ºC-+4ºC) – could actuaries have a role to play in helping quantify these health effects?

· Filling the gap in disaster insurance in low income countries (only 1% of households and business have insurance cover).
· Public funding in developing green technology for poor markets - perhaps there is a role for actuaries in developing ‘green tech’ failure insurance?
15) The report also calls for a conference to bring together all interested groups to discuss and endorse key indicators and targets for climate and health adaptation goals – should actuaries be present at these discussions?


7 Public Interest Role

Core objectives
7.1 One of the core objectives of the Actuarial Profession is to act in the public interest as well as to support the needs of the membership. The Privy Council requires this to be demonstrated before granting a charter to any professional body. Details of our Public Interest Role can be found here:-

http://www.actuaries.org.uk/about-us/pages/our-public-interest-role
7.2 The UK Actuarial Profession fulfils its public interest role by:-
Its communications processes (inter alia):-
· We are open and honest, acting impartially and with a sense of justice to all.
· Speaking out, when it considers it appropriate to do so, on financial matters, particularly where the public might be ill equipped to understand the associated risks.
· Contributing to the debate on government policy in financial matters and other areas where the profession has expertise by explaining its implications, in all countries.
· Publishing material, when it considers it appropriate to do so, which will help the understanding of consumers of financial services and the members of pensions schemes.
Its education and practice development processes:-
· Developing and maintaining relevant and high calibre qualifications and professionalism in actuarial science.
· Encouraging and undertaking research which progresses actuarial science and the body of knowledge in the areas in which actuaries specialise or can give actuarial insight based on their expertise.
· Providing a range of learning and development opportunities to encourage all working UK resident members to maintain up to date professional knowledge.
Climate change and resource depletion and the Core objectives
7.3 We have set out earlier in this report an analysis of why we believe climate change is important to actuaries. The authors suggest that the Profession needs to engage with the issues and challenges posed by climate change and resource depletion in order to discharge its public interest role.
7.4 In particular, actuaries have a worthwhile contribution to make in the following specific areas:–

· How to finance the move from a high carbon economy to a low carbon economy.
· Asset/liability risk management as this transition is effected.
· How to assess climate risk and the implications of this for financial institutions.
· The application of long-term discount rates for policy decisions.
· Development of insurance mechanisms to address the issues of climate change adaptation.
7.5 If the preceding arguments are accepted then it naturally follows that the Profession needs to consider the implications on education, research and practice development processes relating to the implications of climate change and resource depletion.

8 Activities of Other International Actuarial Bodies

8.1 What activities have other International Actuarial Bodies undertaken to date?

8.1.1 Brief initial surveys of the activities of the following bodies were undertaken:-
· International Actuarial Association (“IAA”)
· The Casualty Actuarial Society (“CAS”)
· The Society of Actuaries (“SoA”)
· The Institute of Actuaries of Australia (“IAAust”)
· Actuarial Society of South Africa
· Germany Actuarial Society (Deutsche Aktuarvereinigung)
· Actuarial Society of Finland
· Actuarial Society of the Netherlands
· Swiss Association of Actuaries
· Actuarial Society of Hong Kong

8.2 Overview

8.2.1 As mentioned in previous sections, there is a substantial volume of research on climate change and resource depletion. However, it appears that there has been relatively little research done by actuaries on these topics to date. A significant initiative to address this deficiency has been by the CAS Climate Change Committee. This committee includes members from the SoA and the Canadian Institute of Actuaries. The IAAust has also been active. The IAA is presently reviewing worldwide actuarial initiatives. Further details, along with details of other initiatives around the globe are given the following sub sections.
8.3 Summary of activities of IAA 
8.3.1 Fred Rowley (from IAAust) provided a paper for the Executive Committee of the IAA on the role of the IAA in climate change that was discussed at their April meeting. They agreed that they would seek to find out which member Associations are active in this area before deciding what action might be appropriate by the IAA, and agreed that a Seminar on Climate Change should be proposed in conjunction with the Council and Committee meetings in Sydney, Australia in spring 2011.
8.3.2 The IAA called on Council delegates to provide details of their own association’s activities and we understand that this is still work in progress.
8.4 Summary of the activities of the CAS
8.4.1 In 2008, the CAS set up a task force on climate change. Its purpose was to determine if a permanent committee was warranted and what the focus of such a committee would be. Based on the task force recommendation, the Climate Change Committee became a standing (permanent) committee at the end of January 2009.
8.4.2 The Committee is focused on understanding climate change and its implications for our profession and industry. The high-level mission for the Committee is to recommend, support, and perform research on climate change and assess the potential risk management implications for the insurance industry.
8.4.3 The following list summarizes the potential research goals/objectives for the CAS Committee in pursuing its mission. These areas involve both qualitative and quantitative types of investigation and research.
· In general, the Committee can focus on identifying likely future scenarios resulting from climate change and the implications for our profession and stakeholders. This work could address changes in the risk profiles of the products and services covered by insurance, reserving practices, contingency planning, corporate strategy, etc. 
· Climate change models (not just catastrophe models like hurricane, earthquake, etc.) represent an area where the Committee can play a role. This could include assessing model development, model assumptions and model sensitivity to key assumptions, model uncertainty, robustness, appropriate application of the models and interpretation of results, etc.
· Another area to consider is climate change reporting and disclosure requirements, e.g., what should be reported to regulators at both the state and federal levels, how should it be interpreted, and how should it be used, etc. The Committee was asked to defer work in this area pending NAIC direction.
· Public relations and policy issues arise from a topic like climate change. How should the CAS be positioned? How should the CAS be working with the American Academy of Actuaries, CIA, SOA, Australian Institute, UK Institute and Faculty, IAA and other actuarial organizations to insure that its position is reflected in the policies and positions promulgated?
· Review and comment on the quality of existing historical data-sets/assessments and attribution studies as well as forward-looking modelling of the IPCC (global) and US Climate Change Science Program (national). The purpose of this would be to help insurance industry members gauge the statistical rigor, treatment of uncertainty, and other actuarially related aspects of the existing body of climate change research.
· There are educational issues that need to be addressed for our membership and stakeholders.  Part of this educational process needs to address what is in this for them and why they should care about it. This is important since scepticism persists regarding the climate change issue.
8.4.4 The goals and objectives outlined above were approved by the CAS Executive Council. 
8.5 Summary of the activities of the SoA
8.5.1 Besides supporting the CAS Climate Change Committee's efforts, the SoA is partnering with the CAS, American Academy of Actuaries and The Canadian Institute of Actuaries on a research project to ultimately develop a climate change index. The SoA consider that such an index would help raise awareness of the potential risks associated with climate change and the risk management implications within North America and globally. It would also be a resource for actuaries and others in developing predictive models for anticipated climate change related losses or opportunities as well as for risk management strategies. More information about the project can be found at –

http://www.casact.org/cms/index.cfm?fa=viewArticle&articleID=1050
8.6 Summary of activities of IAAust 

8.6.1 The IAAust have formed a Climate Change Committee. This has not done any research on climate science as such, more on the potential policy responses. The Committee members and other actuaries have drafted submissions to government enquiries. Their insurance cost submission was based on work done by a major insurer. They are currently researching a project with a research body on techniques and metrics for measuring the effectiveness of policy responses. The other main area of their work is informing the profession on climate change issues as they may impact on the work of actuaries or provide potential work for the profession.
8.7 Summary of initiatives undertaken by other bodies and individuals 
8.7.1 Actuarial Society of South Africa. Issues being considered include: use of weather derivatives / index insurance in crop protection insurance; modelling of the possible effects of climate change on insurance sectors (e.g. risk of increased flooding and sea level rise on property); providing input in longer term planning to assist government and local authorities in dealing with the impacts of climate change (e.g. availability of water, the impact of sea level rise on coastal cities, relative merits of different proposed sources of alternative energy). However, no direct actuarial research has been conducted to date.

8.7.2 Germany Actuarial Society (Deutsche Aktuarvereinigung). The German insurer's organisation GDV has conducted a project of research in cooperation with the Potsdam Climate Center and the universities of Berlin and Koeln in order to investigate the effect of the climatic change on averages and extreme events relating to windstorms, hail and flood in German regions. These investigations were based on generally known climate models. The results were presented to the insurance public on 4th October 2010. There has been no direct actuarial research conducted to date

8.7.3 Actuarial Society of Finland. The impact of climate change on the insurance industry is being considered, but there has been no direct actuarial research conducted to date

8.7.4 Actuarial Society of the Netherlands. The topic of climate change is being considered, including the mathematical problems in modelling such changes, in particular the problems related to the use of conditional probabilities No direct actuarial research has been conducted to date.

8.7.5 Swiss Association of Actuaries. There has been no direct actuarial research conducted to date.

8.7.6 Actuarial Society of Hong Kong. A Climate Change Working Group has been set up. To date, the working group has been focused on gathering general scientific research, mostly focused on the impact of air pollution on health outcomes and mortality. They are also looking at general scientific research related to the impact of climate change on severe weather patterns including the frequency and intensity of typhoons in the South China Sea. There has not been significant direct actuarial research conducted to date.
8.8 Summary and Conclusions

8.8.1 Based on our discussions with other actuarial bodies there is certainly an awareness of the importance of climate change and resource depletion to the work of actuaries and the advice they give; yet some frustration that more work was not being done. It may be that our initial survey has not identified all that is presently being done and we would be delighted to learn of other initiatives.
8.8.2 Given the global nature of the challenges confronting actuaries it would seem obvious that more formal communication between the professional bodies should be encouraged.
9 Gap Analysis
9.1 Overview

9.1.1 There is a substantial volume of research in the area of climate change and resource depletion. The insurance industry is increasingly carrying out research into the direct effects that climate change and resource depletion may have on it (for example in terms of flood and hurricane risks).
9.1.2 Below are areas for potential future research by actuaries in regard to the implications of climate change and resource depletion:-
· Modelling the change in risk factors with climate change and resource depletion including:-
· The identification of likely future scenarios resulting from climate change and resource depletion. These scenarios would include the impact of environment, societal, economic and other consequences of climate change and resource depletion.
· Scenarios with faster than expected rates of climate change and higher than expected rates of climate variability.
· Modelling the resultant claims distributions and the knock on effects on reserving practices, contingency planning, and solvency risk.
· Using our expertise in the statistics of distributions with fat tails to assist in constructing appropriate probability density functions.
· Investigating the usefulness or otherwise of Integrated Assessment Models in actuarial work.
· Investigation into possible changes in insurance rating systems, to take into account adaptation measures, whether voluntary or driven by government policy, taken to mitigate risks related to climate change including:-
· Initiatives to encourage the implementation of these adaptation measures.
· Any effects from the accelerated introduction of new technologies and infrastructure as economies adapt to climate change.
· Examining how issues concerning climate change and resource depletion should be taken into account when:-
· Setting discount rates and how they may impact asset values.
· Examining the likelihood of extreme scenarios.
· Providing input in longer term planning to assist Governments, Local Authorities and other bodies in dealing with the impacts of climate change.
· Examining the implications of peak oil for the clients and employers of actuaries.
· How our clients can/should position their assets to mitigate against the negative impacts of climate change and resource depletion, and to benefit from any opportunities that arise.

· Quantification of the financial aspects of climate change including the assessment of, for example, 1 in 200 events.
· Investigating the usefulness or otherwise of using Ruin Theory, along with fat tail statistical distributions, in the modelling of the parts per million (ppm) of carbon in the atmosphere, as part of a multi-disciplinary approach to modelling climate change and its effects, and/or applying other elements of actuarial statistical theory in other collaborations with other professionals in the field of climate science
· Develop models for secondary and tertiary impacts of climate change on asset portfolios.

· Design and develop risk sharing mechanisms to manage the impacts of climate change.

· Examining how public health policy decisions can be better informed by using actuarial risk modelling frameworks in the projection of future health risks.

10 Observations and Questions to Think About
10.1 This review is to be discussed at the Institute and Faculty of Actuaries on 4 November 2010. In this concluding section the authors firstly set out some observations emerging from the review and then pose questions which those attending on the 4 November will be invited to discuss.
10.2 The following points reasonably emerge from the papers we have considered:-
· Global climate change may be happening faster than was thought at the last IPCC (Intergovernmental Panel on Climate Change) review in 2007.
· Uncertainty is wide but there seems to be a significant risk of disastrous outcomes during this century.
· Major economic and social changes will increasingly be made to mitigate and adapt to climate change on a global basis on a similar timescale, resource depletion will also increasingly impact on economic activity.
· All areas in which actuaries work will be affected.
· There will be opportunities for our businesses and Profession.
10.3 Against this unprecedented background, the following questions are put forward as a basis for discussion:-
· What is the likely effect on long term investment returns and inflation?

· Do our employers/clients’ investment strategies take account of the risks and opportunities?
· What is the likely effect on discount rates?
· Will there be any impact on enterprise risk management?
· Should the issues in this Review be explicitly quantified in Solvency II?
· Given that resources may be more constrained in the future, does it make sense to save and reduce consumption now?

· How will your employers/clients’ liabilities be affected?
· Will new mechanisms be needed to share risks?
· What areas should the Profession be researching?
· What more should the Profession be doing now?
· How should we discharge our public interest role?
· Does the Profession feel that the education syllabus and professional guidance is satisfactory in the light of the challenges posed by climate change, resource depletion and energy security?
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