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Executive summary 
At the time of writing, the world is going through unprecedented times, countries are seeing 

their lowest GDP levels in centuries, unemployment rates have sky-rocketed, and financial 

markets are setting records for all the wrong reasons. The cause? The black swan event that is 

COVID-19. Given pandemics aren’t a new phenomenon and we’re aware of their cyclical nature, 

why has the world been brought to its knees in such devastating fashion? An event that 

governments and financial institutions prepare for, yet the impacts have been far worse than 

one could have imagined. Whether governments should have been proactive rather than 

reactive is a hotly debated topic, and one that lays the foundations for this paper. Historically 

speaking, the impact of black swan events are short-medium term, but the damage caused by 

the effects of climate change are far more catastrophic than an earthquake or terrorist attack, 

which can last just a few minutes. It’s an event that is creeping up on the unprepared one day 

at a time.  

This paper was written to highlight our inherent ability to underestimate the severity of black 

swan events and to provide methods of risk transfer for businesses and sovereigns. Moreover, 

given the current stress in the credit, bond, and equity markets the (re)insurance sector has an 

opportunity to take advantage of capital flight searching for uncorrelated asset classes with 

better yields. How investors can do this will be discussed throughout the paper. 

I begin by exploring the new risk environment from a political, regulatory, and economical 

standpoint and look at the impact climate change will have on the (re)insurance market. Then, I 

will focus on climate litigation, an area that is quietly gaining momentum, and discuss standout 

cases. Following this I will look at how climate risk can be transferred, looking at financial 

instruments and Insurance-Linked Securities (ILS) and how they are being used throughout 

emerging markets and developed nations. Finally, I delve into the broader capital markets, 

focussing on green bonds.  

The main conclusions I draw from this paper are that industries and sovereigns in both 

developed and emerging markets are severely underprepared for the effects of climate change. 

Businesses will find their balance sheets, valuations, and credit ratings exposed to a new 

climate-conscious generation who take a more ethical approach to investing. Furthermore, with 

climate litigation becoming more frequent and successful, their ability to manage litigation and 

corresponding legislative changes will separate the investment grade from the junk. At 

sovereign level, unless governments do more to protect their citizens from the effects of 

natural disasters, they will continue the devastating cycle of loss, struggle to regroup, repeat. 

They must focus on ex-ante disaster risk management rather than the typical ex-post we see 

today. However, these vulnerable nations need the support of multilaterals such as the World 
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Bank and United Nations to ensure products to help transfer risk are readily available, but more 

importantly affordable. Investor appetite in the Environmental, Social, and Governance (ESG) 

space is on the rise, whether it will continue to do so only time will tell, but if these bodies 

come together and help the most exposed regions to pool their risk using the instruments that I 

discuss throughout this paper, then it will stand them in good stead to combat the effects of 

climate change while also appealing to a pool of new investor capital. 
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Introduction 
When the Paris Agreement passed in 2015, the world celebrated the fact that governments had 
finally come together to address the issue of climate change. Although arguably being one of 
the most important agreements of our time, the grand scale of the task ahead has become 
apparent. Despite providing a blueprint for success, to cap the global temperature rise to 21 
degrees Celsius by the end of the century will require unprecedented efforts from both 
sovereigns and businesses around the world.  
 
Despite momentum building, the effects of climate change have become increasingly apparent. 
2017/2018 saw the costliest back-to-back insurance years on record with unprecedented 
weather-related events such as hurricanes Harvey, Irma, Maria (HIM), devastating wildfires 
across California, and typhoon activity across Asia being the main contributors. At the same 
time, global sea-levels continue to rise, floods are becoming more frequent, and droughts are 
crippling the agricultural sectors in countries that rely on it to drive their economy.  
 
Because the effects of natural disasters are often felt the most by those with the least, this 
paper will touch upon developing nations and the methods they are adopting to protect 
themselves against climate-related disasters, looking at sovereign risk pooling, insurance-linked 
securities (ILS), and green bonds. Furthermore, most of the future economic and population 
growth is projected to come from these regions, and if they understand both their exposure to 
natural disasters and the methods to transfer this risk better, then the number of people who 
suffer will decrease. It’s now generally accepted that climate change will lead to an increase in 
the frequency and severity of natural disasters, so if these issues are not addressed sooner 
rather than later, these people will become poorer, water shortage and famine will become 
more frequent, and the long-term macroeconomic outlook of many nations will make for grim 
viewing. 
 
The Paris Agreement has contributed to a general improvement in the understanding of climate 
change and the scale of threats we face, but bodies such as the Intergovernmental Panel on 
Climate Change (IPCC) have also played a part. The IPCC suggest achieving a 1.5-degree Celsius 
cap would be possible but the amount of time to do so is declining rapidly. The last four years 
have been the warmest on record, and human activity is leading to unprecedented greenhouse 
gas (GHG) emission levels, which poses a threat to the environment, to those who are at the 
helm of boardrooms, and policymakers who turn a blind eye to their contributions. The 
(re)insurance market and society, in general, is becoming more litigious, how long will it be 
before high-level executives are personally held accountable for their actions? Is climate change 
society’s biggest bubble? If so, once it bursts, what will be the impact on businesses, 
sovereigns, and the (re)insurance market? 
 
For more information on the Paris Agreement see page 65 or click here. 

                                                 
1 The Paris Agreement has set a secondary target of 1.5 degrees Celsius, see page 65 
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The new risk environment 
The risks posed to businesses resulting from climate change are bearing down from every 
angle. Meeting the expectations of the many stakeholders at hand is a difficult task, whether 
they are customers, shareholders, policymakers, or regulators. Four categories make up this 
new risk environment: 
 

Political 

When it comes to GHG emissions, governments around the world are coming under increased 
pressure to ensure their policies are aligned with global partners to minimize the effects of 
climate change. Initiatives such as tax breaks for ethical investing and electric transport are 
becoming more prevalent, but political influence often carries far more weight than these 
alone. In 2020, the United States, which ranks second to China as the highest GHG emitter, will 
be withdrawing from the Paris Agreement and it raises the question as to whether businesses 
will have the impetus to reduce their emission levels if their government doesn’t support 
climate change theories, for fear they may face stricter governance in the future. Also, will 
those who refute climate change theories be held partly responsible in the court of law? And 
will governments be punishable for not exercising their duty of care to ensure their citizens are 
safe? There has been a rise in climate-related litigation in recent years, with cities, states, and 
government officials playing the role of both the plaintiff and defendant. We will discuss these 
cases later in the paper. 
 

Regulatory 

The perspective of regulators is extremely broad-based, but the tightening of regulations in 
industries such as transport, aviation, and automotive to enforce stringent emission standards 
are a good sign. The most noteworthy of these is the Bank of England (BoE) and the Australian 
Securities and Investments Commission (ASIC), who are both driving change by improving 
corporations understanding of the risk’s climate change pose to businesses, for example, the 
implications of undermining assets and their investment value (see BoE, 2019 and ASIC, 2019). 

Economic  

The move from current methods towards greener business models makes perfect sense for 
commercial businesses, regardless of the sector, since the risks posed by climate change 
creates a substantial market for innovation. Recent years have seen a surge in climate-
conscious products from electric cars and a reduction in plastic in the food and beverage 
industry, to the use of more efficient building materials. Tapping into these markets is no longer 
seen as a niche nor only for the socially conscious and should be treated as an opportunity for 
businesses to both protect and expand their market share. 
 
Furthermore, rating agencies are likely to put an increasing focus on climate change factors 
when addressing a company’s rating. A decrease in rating could have severe impacts on 
corporate borrowing power and their ability to source investment, leading to businesses 
regressing rather than growing. There has also been a shift towards ethical investing, whereby 
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hedge funds are ruling out positions in anything that has a detrimental effect on the 
environment (see Bloomberg, 2019). 
 

Reputational 

The economic implications mentioned above result in reputational damage and companies are 
being increasingly judged on their ESG (Environmental, social, and governance) credentials, 
which can help to drive or damage business profitability and the intangible measure of 
customer loyalty. Scrutiny has increased in recent years, with activists upping their efforts to 
drive change through protests alongside communities that are suffering from rising sea levels. 
The naming and shaming process can result in reputational damage globally and made worse if 
done so in the court of law, where cross-examination can exacerbate any unwanted publicity. 
 

Risks to the insurance sector 

In its 2015 report, the Bank of England (BoE) highlighted three key climate change drivers that 
are likely to impact the insurance sector and emphasized these in their 2018 review of the 
banking sector. In these reports, they highlight three main risks, firstly the physical risks, this 
being the insurance liabilities resulting from damage to property after severe weather events or 
the resulting business interruption to the supply chain. Secondly, transition risks, which are the 
financial risks that arise when changing to a lower-carbon emission economy. An example 
would be the share price of a company falling after carbon-related assets are repriced below 
their current market value. Mark Carney, the BoE Governor, stated ‘changes in policy, 
technology, and physical risks could prompt a reassessment of the value of a large range of 
assets as costs and opportunities become apparent.’ Thirdly, liability risks, which arise when 
defendants attempt to seek damages from those they deem to be responsible for climate 
change, which the BoE state ‘could come decades in the future.’  
 

Directors and Officers (D&O) 

When it comes to corporate liability, turning a blind eye can increase the exposure of ‘… climate 
change-related claims against directors, executives, and officers personally’. According to James 
Cooper of Clyde & Co, ‘it’s important that the board can show it has considered potential risks, 
even those that may seem contingent, taken action to mitigate them where necessary and 
crucially that they have ensured that asset values are represented fairly on balance sheets’ 
(Clyde & Co, 2019). 
 
Claims of this type typically arise in two forms. Firstly, wrongful acts, which could be the 
misrepresentation of material facts, such as the overstatement of asset valuations in financial 
statements. Secondly, there is the failure of fiduciary duties and this is where board members 
have a duty of care to their shareholders, other stakeholders including employees, the local 
community, and even the international community. If a director fails to exercise a duty of care 
to any of these groups, they may be liable for failing to prevent damages. Asset managers could 
also be exposed to claims if they wrongly hold onto assets after severe market corrections. 



 

 
4 

 

Even investment advisors could be exposed if they don’t exercise a duty of care when 
suggesting stock without carrying out proper due diligence. 
 
For insurers, both sides of the balance sheet are exposed, the physical, transition, and liability 
risks on the underwriting side and the financial risks associated with their assets themselves. 
Nevertheless, because (re)insurers have a strong understanding of natural and weather-related 
perils, it presents them with opportunities to create bespoke products in the emerging class of 
climate risk. 
 

Climate change at a glance 
Scientists first began observing signs of global warming in the early 19th century, with many 
attributing man-made factors as the key driver of the greenhouse effect. The earth’s 
atmosphere warms because GHGs can’t escape the earth’s atmosphere and thus become 
trapped, they are long-lived and can remain there for thousands of years (see NASA, 2019). 
Human activity is undoubtedly a contributing factor with the burning of fossil fuels, 
deforestation, and industry, contributing to carbon dioxide (CO2) levels rising 100 times faster 
than over the past 60 years (Lindsey, 2018). The most well-known greenhouse gas is CO2, and 
its primary source is changes in land-use, mainly agriculture, deforestation, and the burning of 
fossil fuels. Of the emitted CO2, around 40 percent remains in the atmosphere for about 100 
years, 20 percent for approximately 1,000 years, and 10 percent for around 10,000 years 
(Denchak, 2019). 
 
China, the United States, the European Union, and India contribute to just over 50 percent of 
global GHG emissions and worryingly, the United States will be withdrawing from the 
agreement in 2020 and according to the New York Times it could ‘seriously weaken global 
efforts to avoid drastic climate change’ (AJC, 2018). Rather than cutting emissions by 26-28 
percent below 2005 levels, as promised under the Obama administration, Rhodium Group 
suggests emission levels will reduce just 15 to 19 percent as a result. In terms of progress so far, 
this century has seen record GHG emission levels, with levels rising by 48 percent since 1990 
(2016) (UNFCCC, 2018). The energy sector makes up 34 percent of global emission, with 
industry in second at 22 percent and transport in third at 14 percent.  
 
Interestingly, the price of wind energy and solar panels have been on a steady decline, and 
despite affordability improving, CO2 levels rose by 1.7 percent in 2018, the most significant 
increase since 2013. Moreover, in May 2019, the levels of CO2 in the atmosphere reached 415 
parts per million, the highest observed figure for at least 800,000 years (NOAA, 2019).   
 
In 2014 a group of 1,300 scientists working for the Intergovernmental Panel on Climate Change 
concluded there was more than a 95 percent chance that human activity had contributed 
towards global warming over the past 50 years, and the three major human-produced 
greenhouse gases, CO2, nitrous oxide, and methane had caused the majority (see IPCC, 2014, 
2019). Some studies suggest, however, that the sun’s increasing energy output plays a more 



 

 
5 

 

critical role when it comes to global warming (see Fagan, 2019; NRC, 2012). Nevertheless, 
evidence has mounted to suggest that the sun’s energy output cannot be responsible for global 
warming. According to Lockwood (2009) and Lean (2010) the level of energy emitted from the 
sun has remained constant or increased only slightly since 1750, and if warming were caused 
purely by the sun then scientists would expect to see warmer temperatures at all layers of the 
atmosphere, instead, they have found cooling in the upper atmosphere and warming at the 
surface and lower layers (NASA, 2019). 
 

The Carbon Bubble 

A financial bubble is ‘a market phenomenon characterized by surges in asset prices to levels 
significantly above the fundamental value of that asset’ (NASDAQ, 2019). The Carbon Bubble 
surrounds the valuation of companies that are dependent on fossil fuel production to drive 
their business. At present, a company’s valuation isn’t reliant on the actual cost of global 
warming, which poses a real threat in the future because valuations work on the assumption 
that companies will consume all their fossil fuel reserves. According to Kepler Chevreux, the 
growing renewable energy sector will reduce the value of fossil fuel reserves by USD28 trillion 
over the next 20 years, and Citi concluded this figure would be closer to USD100 trillion (see 
Parkinson, 2015 and Chevreux, 2014). 
 
So, what will happen if the Carbon Bubble bursts? According to Fowler et al. (2019), this bubble 
will burst suddenly rather than a gradual deflation and will impact the portfolios of investors 
who take up significant positions in fossil fuel companies, those who rely on the fossil fuel 
industry for employment, and the broader macro-economic environment. If this were to 
happen on a mass scale and impact pension funds, big banks, and hedge funds, it could easily 
trigger another financial crisis (Davey, 2019). 
 
According to psychological theory, change doesn’t come about because you choose to change, 
but rather because of the consequences that arise from not changing. The theory acts as a good 
metaphor for financial bubbles in that it suggests it might be a good thing that bubbles burst. 
For example, had the housing market bubble not burst in 2008/9, certain banking practices 
would remain deregulated. At present, the price of fossil fuels doesn’t currently reflect the 
damage they do to the environment, and if they were to, then their price would drastically 
increase, leading to businesses looking for cheaper alternatives – known as carbon pricing. 
Nevertheless, an increase in rates would send shockwaves through the global economy, and 
these costs would trickle down to customers, and therefore economists prefer to phase price 
increases over time.  
 
The carbon bubble hypothesis poses several questions, the most difficult of them to answer is 
whether the immediate reduction in fossil fuel emissions would be economically beneficial over 
the short-medium term, or have we gone too far, and the only solution is the gradual phase-out 
to protect the macro-economy? 
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Intergovernmental Panel on Climate Change (IPCC) 

Since 1988, the IPCC has studied climate science, and in their most recent report, they made 
the following conclusions: global warming is unequivocal, and many of these observed changes 
are unprecedented, ocean and atmospheric temperatures continue to warm, the amount of 
snow and ice has reduced globally, and sea levels are rising. They attribute most of these to 
human influence, pointing to the fact that GHG emission levels are currently the highest in 
history. 
 
In late 2018, the IPCC issued its most recent report titled Global Warming of 1.5 degrees Celsius 
and looked at the predicted effects of climate change. The task involved 224 authors from 40 
countries who analysed more than 30,000 scientific papers and gathered feedback from over 
42,000 experts. According to the report, even if the 2 degree Celsius cap is achieved by 2100 
the following will still occur: 99 percent of the coral reefs around the world will be threatened, 
on average sea-levels will rise 10 centimetres and put further strain on coastal cities and small 
islands, and precipitation levels will increase in some areas causing an increase in flooding and a 
reduction in others, with drought becoming more prevalent.     
 
In recent years, the predicted effects of climate change have become more apparent, whether 
it be the mounting economic losses associated with natural disasters or the longer, more 
extreme weather events. Scientists are confident these trends will continue, and the IPCC panel 
forecasts that temperatures will rise between 2.5-10 degrees Fahrenheit over the next century 
(NASA, 2019). Furthermore, the IPCC state that the severity of these effects will vary across 
regions, with their ability to cope being dependent on their government’s environmental 
framework (IPCC, 2014). For countries with thriving economies, climate change undoubtedly 
poses a threat; however, it’s the smaller, sea-level regions that face severe challenges over the 
medium-long term. 
 
It should be noted that the IPCC predicts increases in the mean global temperature of less than 
1.8 to 5.4 degrees Fahrenheit (1-3 degrees Celsius) would be beneficial to some regions, but 
harmful to others. They also suggest ‘the range of published evidence indicates that the net 
damage costs of climate change are likely to be significant and to increase over time’ (see IPCC 
2007 and 2013). 
 

The Effects of Climate Change   

El Niño Southern Oscillation (EÑSO) 

El Niño is a naturally occurring weather pattern and arises when warmer waters that generally 
sit near the Philippines and Indonesia move from the western Pacific Ocean along the equator 
to the coast of South America. El Niño officially begins when forecasters observe wind and 
ocean temperatures veering to the east and weakening trade winds. The reason tropical storms 
become more frequent in the east is that there is more moisture in the atmosphere due to 
increased levels of evaporation, and this moisture serves as fuel for cyclone activity. El Niño 
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usually happens every two to seven years, and the most recent El Niño occurred in 2015/16 and 
was dubbed the first ‘super El Niño’ since 1997/98. In 2015, scientists suggested El Niño was 
responsible for 8-10 percent of the observed global warming that year (see Teague and 
Gallicchio, 1999). 
 
The reverse weather pattern is called La Niña, where trade winds blow stronger, and water in 
the tropical eastern Pacific is colder than usual. Trade winds move from east to west across the 
tropical Pacific away from South America, and warmer water leads to rises of around 0.3-0.6 
meters, and temperature increases of about 8 degrees Celsius. Collectively, El Niño and la Niña 
are part of the El Niño-Southern Oscillation cycle (see Live Science, 2015).  
 
Why these weather patterns occur is yet to be determined, and historical observations 
between El Niño cycles have often varied. On average, El Niño’s tend to happen every three to 
five years, but in the past, they have occurred from every two to seven years. El Niño’s are 
more frequent than La Niña’s, and both patterns typically last 9 to 12 months. There is so much 
energy released from El Niño that weather patterns change all over the world (see Wang et al., 
2017).   
 
The question then arises, is the frequency and severity of natural disasters resulting from these 
weather patterns influenced by climate change? As of current research, the definitive answer is 
inconclusive, but a significant study conducted by Cai et al. (2014) concluded that the frequency 
of super El Niño’s could double because of climate change. They used 20 climate models to 
analyse how El Niño might change over the next 100 years and projected they could occur 
every ten rather than every 20 years (see Cai et al., 2014). However, the results from this study 
have been questioned by many, one critic was the director of the International Research 
Institute for Climate and Society, Lisa Goddard, who scrutinized its conclusions given the 
observational evidence of El Niño dates back just a few decades and the fact scientists have 
observed significant variations in El Niño over the years. She suggested ‘…models have 
limitations in their representation of El Niño and its variability’ (Cho, 2016). 
 
Further questions arise about future EÑSO climatic patterns with some models suggesting it will 
become more intense, while others suggest it will weaken or stay the same. According to 
Schmidt, ‘there is a very large variation in EÑSO statistics (frequency/magnitude) over time, and 
so detecting a shift due to climate change is very challenging. Models are all over the shop, and 
so it doesn’t fill one with great confidence’ (Cho, 2016), which indicates that it’s perhaps too 
soon to make a concrete judgment on whether climate change will affect EÑSO in the future.  
However, research on the relationship between climate change and EÑSO is critical, as the 
former secretary-general of the World Meteorological Organization put it, EÑSO could be 
‘playing out in unchartered territory… and naturally occurring El Niño events and human-
induced climate change may interact and modify each other in ways we have never 
experienced’ (Cho, 2016). 
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Precipitation 

According to scientists, there are some basic physical processes that suggest how levels of 
rainfall will respond to climate change. Warmer temperatures result in greater evaporation, 
and this leads to greater surface dryness and resulting droughts. Despite this, as the 
temperature of the earth rises, the air’s capacity to hold water increases, especially over 
oceans. According to the Clausius-Clapeyron equation, for every 1 degree Celsius the planet 
warms, the ability of the air to hold water increases around 7 percent, and consequently, this 
extra moisture acts as fuel for extreme weather events. Some models suggest global 
temperatures will rise by around 5 degrees Celsius by the end of the century, which would 
equate to 35 percent more precipitation (McSweeney, 2019). 
 
Nevertheless, this increased rainfall doesn’t fall evenly across the world, and some areas are 
expected to receive more than others. On average, wet areas will become wetter, and dry 
regions will become drier, especially around the mid-high latitudes. Most models project 
substantial increases in precipitation levels in the Pacific Ocean, which is especially concerning 
considering the number of low-lying, sea-level countries in the area. They also expect more 
rainfall in the Antarctic and Arctic, where the colder temperatures mean the air has less 
capacity to hold water vapor. Rain in the Mediterranean region is expected to decrease, seeing 
around 20 percent less by the end of the century, with similar trends in southern Africa, 
Australia, Chile, Central America, and Mexico who are all projected to become 10 percent drier 
(Hausfather, 2018). 
 
The presence or lack of wind can often be the critical variable in whether catastrophic flooding 
and/or hurricane damage ensues. A hurricane moving at five miles-per hour will produce 
around 30 inches of rain compared to one at 20 miles-per hour, which will release 
approximately five inches2. 
 

Regional differences 
Within the Coupled Model Intercomparison Project (CMIP) models estimate future 
precipitation changes. In contrast to temperature models that tend to show an agreement 
between regional variations, some models have certain areas becoming wetter, while others 
have the same area becoming drier, so it’s difficult to draw on meaningful conclusions. The 
image below helps to illustrate this and shows how models see precipitation levels in Australia 
by the end of the century, while the average of all the models suggests a 5-10 percent 
reduction in precipitation, other models suggest far higher. 
 

                                                 
2 Around 27 percent of deaths resulting from US hurricanes from 1963-2012 were from flooding 
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Other territories have observed similar trends, and the figure below shows projections for the 
driest and wettest regions around the world. This CMIP5 model shows the 10th and 90th 
percentile of all models. Because of these shortcomings, precipitation models shouldn’t be 
treated as a matter of fact. 
 

 
Despite the unreliability, there are certain areas where models agree, most notably the 
increasing levels of precipitation in the high-latitude regions and the tropical Pacific and 
decreasing levels in southern Africa. The dots in the image below indicate where at least nine 
out of ten models agree on their findings. Unlike annual precipitation levels that show signs of 
variability depending on region, almost all areas are projected to experience more extreme 

Figure 1 

Figure 2 
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precipitation events as the world warms. Models indicate that most of the world will 
experience 16-24 percent more heavy rainfall events by the end of the century. 
 

 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 
 
 
 

 

 

Wildfire 

Climate change makes wet areas wetter and dry areas drier, and this can have severe 
consequences when it comes to the risk of wildfire, as highlighted by the last couple of years, 
where new records have been set for economic damage resulting from wildfire in California 
(see III, 2019). In Western regions of the United States, wildfires have been increasing in both 
duration and frequency since the 1980s (see Westerling, 2006 and figure 6). From 1986 to 
2003, wildfires in California were four times more frequent, burned six times the amount of 
land, and lasted five times longer when compared to those occurring between 1970 and 1986. 
 
Furthermore, since 2012 there hasn’t been a month where a wildfire hasn’t occurred in the 
USA, which has resulted in the seasons in southwest regions being considered a year-round 
threat, meaning the emergency services can no longer use the ‘off-season’ to prepare for 
wildfires (see Wx Shift, 2019, Liu, Stanturf and Goodrick, 2010). Researchers have projected 
built-up forest areas with higher levels of moisture are at a particularly high threat as conditions 
become hotter and drier (see Westerling, 2006). However, some dry grasslands are at less risk 
from wildfire because the aridity will prevent grass from growing, and the barren land will lack 
the fodder needed to start and spread fires (NRC, 2011). It’s not just California where wildfires 

Figure 3 
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are on the rise, Scandinavia, Canada and Russia3 have also experienced devastating wildfires, 
and according to Kelly et al. (2013), they are worse now than over the last 10,000 years. 
 
The financial impacts of wildfires have been stark in the last few years (see figure 6), but it isn’t 
just the damage they cause that costs governments billions each year. In 13 of the previous 18 
years, between 2000-2018, the US Forest Service has spent over USD1bn in fire suppression 
efforts, and figures surpassed USD2bn in 2015, and USD3bn in 2017 (see figure 7 and 31). 
Furthermore, it’s not just property owners who are at risk from wildfire, studies have found 
rising air pollution exacerbates the chance of cardiopulmonary health conditions and lung 
disease, even among healthy individuals (see Sidder, 2019, Spracklen et al., 2009), so the long-
term implications are far wider-reaching  than structures that can be rebuilt. It poses the 
question as to whether big business and governments could be liable if they continually miss 
GHG emission targets and the health of their citizens decreases.  
 
The table below gives a summary of global regions exposed to wildfire along with statistics. The 
information in the table below is the authors adaptation of Marsh and McLennan ‘The Burning 
Issue Managing Wildfire Issue’ report.

                                                 
3 The spate of Siberian wildfires began in July 2019 in areas difficult to access in northern Krasnoyarsk Krai, the 
Sakha Republic and Zabaykalsky Krai, all of which are within Russia's Siberian Province. By the end of that month 
the size of the fires had reached 2.6 million hectares (NASA, 2019) 
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Table 1 

Region Details 

Southeastern United 
States 

Around 400,000 hectares are burned in the region each year. The risk of wildfire is lower here than in the 
north-eastern regions, but they are still observed frequently. Fourteen people died in 2016 when fires spread 
through Georgia, North Carolina, and Tennessee. Floridian fires in 1998 burned 200,000 hectares and caused 
more than USD600 million in damage. Climate change is projected to influence wildfire risk in the region, with 
increases of 300-400 percent by 2050 (SSRN, 2019). Despite this, urbanization and deforestation may reduce 
the level of wildfire, but forecasts suggest the burned areas will increase by 16 percent in Florida and 30 
percent in Louisiana by 2050, but reduce in Arkansas, Kentucky, and Tennessee. These assumptions are based 
on the uncertain factor of forest cover, and if climate change leads to a reduction in deforestation or even 
reforestation, then the fire risk could vary. 

Northeastern United 
States 

There are around 500,000 hectares of burnable pineland across New Jersey, which houses approximately 
500,000 people. A recent study stated the pineland acts as ‘an inch of gasoline covering all of south and 
central New Jersey.’ The region experiences frequent wildfires but are often contained relatively early on. 
However, devastating fires broke out in 1963, killing seven people and destroying 400 buildings. Atlantic City’s 
(where the fires occurred) population has almost tripled since these fires, and according to the professor of 
fire at Arizona State University ‘sooner or later, southern New Jersey will know the fire equivalent of Hurricane 
Sandy. The cost could be in the billions. The loss of life could be unthinkable’. Like the south-eastern regions, 
climate change is expected to increase wildfire activity by 300-400 percent by 2050. 

South America The importance of combatting wildfire in Chile became apparent after prolonged droughts led to devastating 
fires in 2014 and 2017. Climate change is expected to make the region warmer, and rainfall levels are 
projected to reduce, resulting in dryer conditions that are more conducive to wildfires. They are expected to 
increase along the west coast over the next 20 years. 

Central Asia Wildfires are expected to increase in the region, but in areas that have low populations. Despite this, urban 
expansion is expected in vulnerable areas such as Tajikistan and Uzbekistan. 

China The most severe Chinese wildfires typically occur in the northeastern and southwestern mountainous regions. 
In 2019, 31 firefighters were killed by a wildfire in the remote town of Sichuan and in 1987, China experienced 
the worst wildfire ever recorded, named the Black Dragon Forest Fire, it burned more than seven mega 
hectares of forest and even spread into Russia. Due to the size of China, models project wildfire activity will 
vary in the future across regions, and the damage they cause will be dependent on their interaction with 
urban populations. China is, however, pursuing the most aggressive afforestation program in the world that 
has seen more than 35 billion trees planted between 1990 and 2015, resulting in the country having around 80 
mega hectares of forest. 
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 Southeastern Canada Western USA Southern Europe Southern Australia 

Details In the average year, wildfires burn around 2.5 mega 
hectares in southeastern regions of Canada, however, 
recent years have seen larger than normal fires. The 
fires tend to occur in remote areas, but this still poses a 
threat to the extraction, forestry industry, and the 
resulting air pollution. 

The western region of the United States is the 
highest risk region in the world because of its high 
levels of exposure at the WUI, their high levels of 
accumulated fuel, and climate change. The 10 
costliest wildfires in the US have occurred in 
California, with 2017/2018 seeing unprecedented 
events.  

The Mediterranean region is responsible for around 85 
percent of burned areas in Europe and a combination of 
issues surrounding land abandonment, flammable tree 
species, and the encroachment of shrubland on peri-
urban areas further exacerbate fires. The amount of 
burned area varies between 0.3 and 0.7 hectares 
annually. 

Although vegetated areas of Australia experience frequent bushfires 
the highest level of risk comes in the southern areas where dry fuels 
and extreme weather can create catastrophic fires. 

Current position – 
exposure and wildfire 
activity 

Exposure - In Canada, populations tend to surround 
peri-urban areas rather than urban centres. The WUI 
(Wildland Urban Interface) covers around 32.3 mega 
hectares, infrastructure covering 10.5 mega hectares, 
and industry interfaces covering 109.8 mega hectares. 
Most of the wildfire exposure is concentrated in the 
south, in Alberta, British Columbia, Ontario, and 
Quebec and these areas account for around 80 percent 
of fire management costs. The fact these regions are 
seeing the highest rate of population growth raises 
additional concerns. 
Fire activity – the areas burned, and size of fires are 
increasing, and the annual area burned has tripled since 
the middle of the century. The number of large fires 
have increased three fold per year and the size of the 
biggest fires has increased by 57 percent. Moreover, 
the fire season has lengthened by two weeks. 

Exposure – the WUI has grown by around 60 percent 
since the 1970s and in California alone there are 
now more than 4.5 million homes in the WUI. 35 
percent of area burned in California since 2000 has 
been within the WUI, split 30 percent and 24 
percent for Colorado and Washington state 
respectively. 
Fire activity – large fires are almost seven times 
more frequent than they were 30 years ago, which 
has led to the burned area increasing by 1,200 
percent. As mentioned earlier, the fire season has 
also lengthened by nearly three months since the 
1970s. Moreover, climate change is estimated to 
have contributed heavily to the increased burned 
areas since the 1980s. 

Exposure - It’s estimated that wildfires have killed more 
than 700 people since 2000, mainly because of Europe’s 
high population density. The average economic losses 
resulting from wildfires totals around EUR3 billion each 
year. 
Fire activity – excluding Portugal, the area burned in 
Mediterranean countries have been on the decline 
since the 1980s, however, large megafires are becoming 
more common. 

Exposure – around 50 percent of the economic losses and two thirds of 
deaths arising from Australian bushfires comes in the State of Victoria. 
The WUI in Melbourne is extremely vulnerable because of its continued 
encroachment into surrounding bushlands. 
Fire activity – the number of extreme fire weather days have 
significantly increased in recent years particularly in New South Wales 
and Victoria with the fire season also lengthening. In the last 5 years the 
frequency of bush fires in Australia have increased by 40 percent. 

Associated costs Costs spent on fire management range between 
CAD500 million and CAD1 billion each year and the 
average rate of increase this decade has been CAD120 
million. 

Western state spending on fire suppression has 
increase by more than 5 percent each year over the 
last 10 years and is nearing USD2 billion. This is on 
top of federal spending, which exceeds USD630 
million in California alone. 

In total, France, Greece, Italy, Portugal, and Spain spend 
around EUR2.5 billion each year on fire management. 

N/A 

Stand out wildfire 
years 

The costliest wildfire in Canadian history, costing 
around CAD10 billion, was the Fort McMurray fire in 
2016. 

2018 wildfires surpassed the record 2017 year with 
fires in California costing around USD24 billion and 
killing over 100 people. 

Wildfires in Portugal, Spain, and Italy killed 115 people, 
burned 800,000 hectares, and amounted costs of 
EUR10 billion in 2017. 

The Black Saturday Fires that took place in Victoria in 2007 killed 173 
people, burned 450,000 hectares, caused AUS4.4 billion in economic 
losses, and destroyed more than 2,000 homes. 

A look to the future – 
Exposure and fire 
activity 

Exposure - The expansion of WUI is expected to 
continue in the future because of population growth 
and the high costs associated with urban living. 
Fire activity – climate change is expected to 
significantly increase wildfire activity with projections 
suggesting the areas burned will increase by two to four 
times by 2100. The frequency of fires is also expected to 
double by the end of the century. 

WUI expansion is expected to continue because of 
undeveloped, privately owned land in the WUI, 
population growth, and rising house prices. 

Exposure – southern regions of Europe are expected to 
experience lower population growth and urbanization 
when compared to other regions around the world, 
although notable areas of expansion are expected in 
the above mentioned countries.  
Fire activity – wildfire activity is expected to increase 
because of climate change in the Mediterranean region. 
Models suggest the burned areas will increase 100 
percent by 2100 and if global warming reaches 1.5 
degrees Celsius by 2030 it could lead to a 40 percent 
increase in burned area. 

Exposure – the population in New South Wales is expected to grow by 
28 percent in the next 20 years, and 66 percent in Victoria by 2050. 
Some suggest this could result in the average economic losses in 
Victoria rising to AUS378 million annually. 
Fire Activity – if climate change remains unchecked, the number of 
severe fires could increase by 160-190 percent by 2100 in southern and 
eastern regions of Australia. According to the McArthur Forest Fire 
Danger Index (FFDI), the danger of bush fires is expected to increase 
significantly. They also project that instead of occurring once every few 
decades, catastrophic FFCI fire scores above 100 (Black Saturday was 
155) could occur every few years by 2050. 

The table below summarises wildfire risk around the world. Information has been sourced from Marsh & McLennan (2019) and adapted by the author 

Table 2 
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Expected change in wildfire probability under climate change (Marsh and McLennan, 2019) 

 
 
  
  

Figure 4 
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Effects of climate change on cumulative forest area burned in western USA from 1985 to 2015 
(Marsh and McLennan, 2019) 
 
 

 
Figure 5 

Global insured losses from wildfires by year 
(Marsh and McLennan, 2019) 

Figure 6 
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US Forest Service budget for firefighting 
(Marsh and McLennan, 2019) 

 

Agriculture 

By 2030 the global population is projected to reach 8.6 billion, 9.8 billion by 2050, and 11.2 
billion by 2100, and according to the United Nations, most of these increases will come from 
the developing world (UN, 2019). Moreover, the Food and Agriculture Organization (FAO) 
suggests that the level of food and agricultural output needs to increase by 50 percent between 
2012 and 2050 to meet this demand (FAO, 2016). The agricultural sector, therefore, plays a 
crucial part in ensuring these demands are met. It accounts for around 12 percent of global 
GHG emissions with deforestation, biodiversity loss, and water pollution being significant 
contributors. Although deforestation isn’t directly related to the agricultural sector, around 80 
percent of deforestation is due to agricultural expansion (Climate watch, 2019). 
 
The agricultural sector is vitally important to many regions who depend upon it to drive their 
economy. Brazil and Argentina are significant exporters of products such as coffee, sugar, beef, 
soy, and wheat, and in the Caribbean, 20-30 percent of the population work in the agricultural 
sector. In Central American regions such as Honduras and Guatemala, this figure is over 30 
percent (TRF, 2019). In total, Latin America and Caribbean (LAC) regions account for around 23 
percent of the global agricultural sector, which the FAO state will rise to over 25 percent in the 
next ten years, so the importance of sustainable development in both the industry and region is 
of paramount importance. 

Figure 7 
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The sector, mainly traditional forms of farming, is heavily dependent on rainfall, either too 
much or too little can have severe consequences. Increased rainfall can raise productivity in 
some regions, but on the other hand, it can have severe implications on food security and the 
ability to access clean drinking water. 
 
Given the requirement for a sustainable sector, emission levels in LAC regions are concerning. 
On average, the agricultural industry contributes around 12 percent of global emissions, but in 
LAC, this figure is just shy of 30 percent (2016), as illustrated in the graph below. We will touch 
upon how the agricultural sector is using green bonds to help reduce these levels later in the 
paper. 
 

 

Crop 
The length of the frost-free4 and growing seasons have been increasing in the United States 
since the 1980s, with Western regions experiencing the most substantial increases. According 
to Climate Central (2016), the average frost-free season has lengthened by 15 days across the 
US when compared to the early 20th century, Boise and Reno have seen the most dramatic 
increases with their frost-free seasons being around one month longer than they were in the 
1970s. Now, on the surface this may seem like a good thing, less frost means longer growing 
seasons and longer growing seasons means more produce, but these warming temperatures 
also mean pests and disease live longer and where crops can be planted becomes a challenge 
because of decreasing soil quality (see Reynolds, 2010). Further studies project the frost-free 
season will extend by eight weeks in certain western regions, mainly coastal and high elevation 
areas (see figure 26, NCA, 2019). 
 

Climate change litigation 
This section looks at the history of climate-related litigation, successes, failures, and takes a 
glance to the future. In regions where governments have fallen behind those who have 

                                                 
4 Defined as the stretch between the last 32°F reading in the spring and the first 32°F reading in the fall (NASA, 
2019) 

Figure 8 
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addressed, or at least attempted to address climate change, activists have often used litigation 
as a method to force change. At the time of writing, there have been more than 1,200 climate-
related lawsuits filed across more than 30 jurisdictions across both developed and developing 
nations, with 950 of these coming from the USA (Climate CC, 2019).  
 
Over the last two decades, three categories of climate change litigation have emerged, 
administrative cases, tortious claims, and investor driven suits (Clyde & Co, 2019). 
Administrative cases are the most prevalent, so we will begin by investigating these in more 
detail. 
 

Growing legal appetite  

The most prevalent types of legal cases surrounding climate change are administrative cases. 
The apparent failure of governments and public institutions to mitigate climate change and 
reduce their GHG emissions drives these cases. Examples first arose in 1986 when plaintiffs, 
including the City of Los Angeles and New York, bought a suit against the National Highway 
Traffic Safety Administration, which included General Motors and Ford, for their alleged 
contribution towards climate change. Ultimately the case was dismissed because plaintiffs 
failed to explain how their alleged injuries could be casually traced directly back to the 
defendants, providing an early example of the hurdle’s plaintiffs would face in years to come. 
Cases of this type didn’t come around again until around the mid-2000s. 
 
Despite the cooling period between the late 1980s and mid-2000s, cases began to surge. With 
this growing impetus, trials began to be more successful, most notably in 2007 during 
Massachusetts vs. the Environmental Protection Agency (EPA). Here, the US Supreme Court 
ruled the EPA hadn’t fulfilled its responsibilities under the Clean Air Act and ordered them to 
change their behaviour. The court found the EPA had ‘a special position and interest…’ as it 
‘…actually owns a great deal of the territory alleged to be affected’. Because of their apparent 
refusal to regulate their GHG emissions they posed an ‘actual’ and ‘imminent’ threat to the 
people of the city. Another stand out case happened in 2005, where a local community bought 
action against the oil company Shell. In this case, the Nigerian Federal Court ordered the oil 
company to stop flaring gas in the Niger Delta because their GHG emissions were harming the 
inhabitant’s health. Looking at a more recent case in 2015, the Pakistani court of appeal ruled in 
Leghari vs. The Republic of Pakistan that the government failed to implement its 2012 climate 
change management policies, which ‘offended the fundamental rights of citizens’ (UN, 2017). 
 

Juliana vs. the United States 

In 2015, 21 participants of the Earth’s Guardians and Future Generations filed a suit against the 
US Federal Government (including President Obama). They argued the government was 
responsible for unlawfully exposing citizens to dangerous levels of CO2, given the USA is 
responsible for around 25 percent of all GHG emissions, and continued to ‘permit, authorize, 
and subsidize, fossil fuel extraction, development, consumption, exportation, [and] producing 
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enormous quantities of CO2 emissions that have substantially caused the rise in atmospheric 
concentration of CO2.’ (Clyde & Co, 2019). 
 
The energy companies attempted to have the case dismissed, but judge Aiken denied the 
motion and determined the plaintiffs had demonstrated their injuries were ‘fairly traceable’ to 
the actions of the defendant. He went onto highlight that climate science was continually 
evolving and argued that plaintiffs had successfully demonstrated that the majority of GHG 
emissions could be traced back to fossil fuels, and these corporations were significant 
contributors. Moreover, he concluded the defendants had knowingly endangered the plaintiffs 
and had failed to take measures to prevent harm, stating that ‘federal courts too often have 
been cautious and overly deferential in the arena of environmental law, and the world has 
suffered for it’ (Clyde & Co, 2019) and urged the legal system to ‘not shrink from its role as a co-
equal branch of government’. The case remains open to this day. 
 

Urgenda vs. The Netherlands  

In this case, the Hague Court of Appeal denied the government’s efforts to dismiss the case and 
referred to the IPCC’s Fourth and Fifth reports. The court suggested there was a ‘direct, linear 
link between anthropogenic emissions of greenhouse gases, partially caused by combusting 
fossil fuels, and global warming.’ They pointed to Articles 2 and 8 of the European Convention 
on Human Rights (ECHR), which states the government has a duty of care to protect its citizens 
from the ‘real threat of dangerous climate change...’ and ordered them to reduce their levels by 
at least 25 percent by the end of 2020. 
 
These significant cases show that the courts are considering scientific consensus when looking 
at the effects of man-made emissions on the climate and the well-being of citizens. There are 
similar examples in other jurisdictions, for example, 11 individuals in the UK filed a suit against 
the Secretary for Business, Energy, and Industrial Strategy for failing to revise the UK’s 2050 
carbon emission reduction targets despite the improved scientific understanding. The judge 
ruled the Secretary of State was permitted to set goals at his discretion, and the case was 
dismissed. (LSE, 2017). 
 

Tort cases  

Lawsuits against private actors, such as fossil fuel companies, have become more prevalent in 
recent years. The first batch of claims came about in the early 2000s, and the majority failed 
early on. However, an increasing number of cases arose in 2015, which are still going on to this 
day (Clarke, 2018). Plaintiffs often include large US municipalities and state governments, as 
seen in July 2018, when the attorney general of Rhode Island sued several fossil fuel companies, 
including ExxonMobil, BP, and Shell, for their contribution to rising sea levels (see 
Insurancejournal, 2018). Despite one of these cases being dismissed, various commentators 
suggest instances of this type may become more successful in the future, as illustrated by 
Ganguly, Setzer, and Heyvaert (2018), ‘although so far no precedents exist of successful private 
climate litigation, future private climate lawsuits are by no means doomed to failure’. 
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The first wave of tortious claims were typically public nuisance claims, which in the US covers 
claims alleging damage against health, morals, property, comfort, or the public’s right to enjoy 
universal rights. As mentioned, these cases weren’t very successful because tort law requires 
the damage suffered to be ‘fairly traceable’ to the defendant’s misconduct. Some courts found 
the effects of climate change to be un-resolvable, and others stated climate change was a 
political matter, suggesting the courtroom wasn’t a suitable format to find a resolution. 
Another case that highlighted the difficulties in achieving a successful nuisance-related climate 
change case was Comer vs. Murphy Oil. 
 

Comer vs. Murphy Oil 

In this case, plaintiffs argued the high level of GHG emissions various fossil fuel and electric 
utility companies were producing were contributing heavily to climate change and suggested 
the effects of Hurricane Katrina were made far worse because of this. They alleged ‘prior to 
striking the Mississippi Gulf Coast, Hurricane Katrina had developed into a cyclonic storm of 
unprecedented strength and destruction, fuelled and intensified by the warm waters and warm 
environmental conditions present in the Atlantic Ocean, Caribbean Ocean, and the Gulf of 
Mexico. These high sea surface temperatures, which were a direct and proximate result of the 
defendant’s greenhouse gas emissions, increased the intensity and magnitude of Hurricane 
Katrina’. After lengthy proceedings, the case was dismissed, with the judge claiming climate 
change was again a political question. 
 

Kivalina vs. Exxon 

In this case, plaintiffs from the village of Kivalina, Alaska, alleged that ExxonMobil and various 
other energy companies had contributed towards the severe erosion of land where villagers 
lived. On the surface, the villagers had everything they needed for a successful case, the injury 
of their land melting into the sea was visibly noticeable, and logic would suggest the warming 
oceans contributed towards this. Nevertheless, the case was dismissed, and the court 
concluded that it was again a political question rather than a legal one. The court concluded 
there wasn’t enough precedent in nuisance cases, and to find the defendants guilty would 
suggest they were responsible for the entirety of the warming ocean. The court also found that 
plaintiffs failed to highlight the ‘fairly traceable’ link back to the defendants. 
 
Despite there being no evidence of success in the first wave of claims, these cases set the 
foundations for the increasing levels of climate change litigation we see today. 
 

The second wave of claims 

The change in consensus around scientific discovery is a reason given by Ganguly, Setzer, and 
Heyvaert (2018) for the second wave of climate change litigation observed since 2015. They 
state the critical factors have been: the IPCC’s contribution towards the growth and alliance of 
climate science and a better understanding of how the major GHG emitters are contributing 
towards climate change (as highlighted in the 2013 Carbon Majors publication). 
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Among plaintiffs were cities such as New York, Rhode Island, and California who were the first 
states to bring a lawsuit against corporate actors in the US. These cities alleged that since 1965, 
electric utility and fossil fuel companies have caused a large proportion of GHG emissions, 
knowingly promoted hazardous fossil fuel products, actively supported anti-science and 
regulation campaigns, and failed to investigate less hazardous alternatives. One of the plaintiffs, 
The San Mateo County, drew upon the tobacco and asbestos legal cases to ‘build on the legacy.’ 
Although, unlike these industries, plaintiffs were claiming for future harm and future costs and 
this is where tort law is ill-equipped in the US because it requires measurable, traceable 
damage that has already happened and doesn’t consider anticipated harm. Judge Alsup, who 
dismissed one of the plaintiff’s cases, stated ‘the issue is not over science. All parties agree that 
fossil fuels have led to global warming and ocean rise and will continue to do so… the issue is a 
legal one – whether these producers of fossil fuels should pay for anticipated harm that will 
eventually flow from a rise in sea level… would it really be fair to now ignore our own 
responsibility in the use of fossil fuels and place the blame for global warming on those who 
supplied what we demanded? Is it really fair, in light of those benefits, to say that the sale of 
fossil fuels was unreasonable’? (Caldwell, 2019). 
 
Another significant case came from the Pacific Coast Federation of Fisherman’s Associations 
(PCFFA) in November 2018 (the largest commercial fishing association in the United States). 
They alleged fossil fuel companies had contributed towards warming oceans and resulting algae 
blooms that poisoned shellfish production, resulting in California and Oregon fishers suffering 
significant economic losses as a result. They stated ‘... defendants, major corporate members of 
the fossil fuel industry, have known for nearly a half a century that unrestricted production and 
use of their fossil fuel products create greenhouse gas pollution that warms the planet, changes 
our climate and disrupts the ocean’ (Columbia University, 2018). 
 
A case that recently made headlines came from Germany, which saw a Peruvian farmer pursue 
damages against Germany’s largest electricity producer whom he suggested ‘…knowingly 
contributed to climate change by emitting substantial volumes of greenhouse gases’ (LSE, 
2019), the case is currently in the evidentiary phase (Lliuya vs. RWE AG). 
 
On the surface, climate change litigation up to this point appears to have been a failure. 
However, these legal precedents are the foundations on which further cases can build. 
Understanding which suits have resonated with the courts and those which haven’t will aid 
future plaintiffs, and because of this, it would be a fair assumption to predict more success in 
the future. 
 

Instruments to transfer climate risk 

Pre vs. post disaster aid 

Taking preventative measures to protect citizens and structures before natural disasters strike 
is of paramount importance to reduce both short and long-term damage. To do so often 
requires a significant financial investment, but evidence suggests these investments are highly 



 

22 
 

effective (see Hallegatte et al., 2019, UNICEF and WFP 2015). Ex-post disaster aid dominates the 
current system of international disaster relief rather than ex-ante readiness. Clarke and Dercon 
(2019) state that disaster aid is typically available on concessional terms, rather than funds 
being used to prepare for the disaster. 
 
Disaster risk financing should be looked at from a short, medium, and long-term perspective. 
Fast capital injections in the immediate aftermath of events help with food and water supply 
and emergency housing, with medium and long-term capital used to rebuild and redevelop 
communities. For example, Cabot Venton et al. (2012) found that early response to drought 
events in Kenya could save USD292-455 per person and between USD236-USD464 per person 
in Ethiopia. Clarke and Hill (2012) also found initial responses to be effective in cost savings, 
stating households could save up to USD1,294 per person. Fast response to natural disasters 
seems like an obvious choice since power is restored, schools, hospitals, and airports reopen, 
and groups lacking in food receive aid faster. In turn, it also limits the loss of income to 
businesses, the flight of capital due to reduced sovereign debt rating (see figure 34), and a 
reduction in the skilled workforce who move to other regions. 
 
However, the problem remains that most developing nations don’t have the same level of 
access to finance in the immediate aftermath as developed nations. Often, governments with 
small fiscal budgets have limited excess capital to redeploy. Couple this with their typically low 
levels of insurance penetration, and it becomes clear to see how increasing climatic events in 
developing nations can have severe, long-lasting effects (Clarke and Dercon, 2016). 
 
Therefore, what tools can be used to help provide early funding for developing nations before 
and after natural disasters? Some governments have set aside what the WRI call ‘rainy day 
funds’, while others utilize the Multilateral Development Banks (MDBs) and the International 
Monetary Funds (IMF) resources. Insurance-linked securities are also evolving as a risk transfer 
instrument and these work in a similar way to traditional insurance but utilize the capital 
markets (see Lane, 2010). We will now discuss the instruments often used to transfer some of 
this risk.  
 

Problems with traditional insurance 

In recent years, claims inflation and litigation are among the key contributors to rising costs in the 
insurance market. Public adjusters are adjusting claims well above actual incurred figures, and insurers 
are spending millions fighting legal battles that can see them tied up in court for months if not years. 
The net result being rising expense and operating costs, which are impacting their bottom line. 
Moreover, this effects reporting to reinsurers and the ILS market because it skews initial reporting 
figures since losses are incurred but not reported (IBNR). As a result, ILS managers have had to hold back 
investor capital longer than anticipated because of loss creep5, which is a reason why the ILS market has 
seen a slow-down in 2019.  
 

                                                 
5 Also known as trapped collateral or ‘trapital’ 



 

23 
 

When it comes to the buyer’s point of view, another disadvantage is the speed of settlement since there 
can often be disputes around contract policy wordings and coverage, which contributes to the slow-
down of the insurance process affecting everyone in the supply chain, from the customer up to the 
retrocession market. 
 

Parametric insurance 

A relatively new insurance product appearing in the alternative risk transfer (ART) space is index and 
parametric triggered products. These policies are triggered by specific parameters that act as a proxy for 
losses rather than incurred losses. For example, rather than buying a traditional insurance policy that 
indemnifies the insured for losses excess of the deductible, a parametric policy would trigger if certain 
parameters such as wind speed, rainfall, earthquake magnitude, or modelled loss are met. These 
instruments feature in the Paris Agreement and United Nations Framework Convention on Climate 
Change (UNFCCC) with the Caribbean Catastrophe Risk Insurance Facility (CCRIF), the African Risk 
Capacity (ARC), and the Pacific Catastrophe Risk Insurance Company (PCRIC) cited as examples of how 
well these instruments can work to improve the affordability and availability of insurance in regions not 
blessed with strong domestic risk transfer markets. 
 
So, what are the advantages of using parametric products over traditional insurance? Claims are settled 
faster, they are relatively simple to understand from the buyer’s perspective, they don’t come with 
complex policy wordings, and the causation of loss doesn’t need to be established. Because third-party 
independent companies such as weather stations publish the triggered figure, moral hazard is reduced 
because the buyer or seller can't influence it. As a result, they give greater certainty around financial 
reporting since it’s difficult to dispute whether a triggered event has occurred or not and thus provides a 
higher level of predictability. It aids the underwriting of policies where the availability of historical loss 
information is limited, which would be especially advantageous to those looking to underwrite risks in 
emerging markets where trust between the parties is yet to be established.   
 
Despite these advantages, there are some disadvantages of parametric instruments. They tend to cost 
more than traditional insurance because they cover stochastic covariate risks where there is a potential 
for a wide range of modelled losses6. Secondly, moral questions have arisen around pandemic 
instruments, as seen with the World Health Organization (WHO) who came under pressure because of 
its Pandemic Ebola Bond in the Democratic Republic of Congo (DRC). The bond had various parametric 
triggers, one being a specified death count resulting from the outbreak of Ebola in the DRC and a second 
trigger of the disease spreading over an international border and killing more than 20 people. At the 
time of writing, the death count has surpassed 2,000 in the DRC, and it has spread over an international 
border to Uganda. However, the bond is yet to pay out because the death count has yet to breach the 
attachment point in the second country, which has raised moral questions, mainly because mass 
suffering has ensued while nothing has been done to combat the issue. The head of the European 
Network on Debt and Development Bobo Elmers was extremely critical of the product stating 
‘financialization of risks is a new avenue for the privatization of profits and the socialization of losses’ 
(Asgari, 2019). A further disadvantage is basis risk, and this is when the expected pay-out of the 
instrument differs from the actual losses incurred, for example, modelled losses suggesting a category 
three hurricane would produce X amount of losses when, in fact, it causes Y. However, basis risk is 
present even in traditional insurance, so it shouldn’t be a major drawback of parametric instruments. 
 

                                                 
6 Typically, they are more suitable for larger deal sizes where economies of scale can be achieved.  
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Ocean Risk Indices 

The global (re)insurer AXA XL has been supporting the development of the world’s first Ocean Risk Index 
and state the use of indices will allow them to understand better the risks associated with rising sea-
levels from a pricing perspective, and ultimately how to trade and transfer some of this risk. They are 
partnering with scientists, academics, and government officials to better understand the macro-level 
implications of climate change and rising sea levels, especially in coastal communities where the impacts 
on natural assets such as farming, coral reefs, and coastal marshes can be severe (Artemis, 2019). 
 
They have also gone onto discuss the feasibility of using the index as part of a catastrophe bond type 
instrument that would allow them to transfer risk to the capital markets. The Nature Conservancy (TNC) 
created a similar product and developed an initiative to use parametric insurance, which functioned as a 
resilience-linked insurance instrument, to enhance the protection of coral reefs in MAR regions (Insuring 
Nature, 2019). 
 
Despite some of these indices being in the developmental stage, it does illustrate the level of 
opportunity for (re)insurers to create and offer solutions to transfer climate-related risks to the capital 
markets. It also underlines their level of expertise, which governments, policymakers, and institutions 
can draw upon to better understand and manage their macro-level climate risk. MacFarlane of AXA XL 
supported this, and stated ‘if we are able to demonstrate the value in the Index, and we are able to 
demonstrate that it’s a robust metric, objective and is one that can be trusted and is one that we can 
use to educate and inform policy and in some ways quantify risk, then yes, I think it potentially could be 
successful and provide good opportunities to transfer risk’ (Artemis, 2019). 
 

Catastrophe bonds 

Catastrophe bonds allow the issuing party to collect funds from the bond if a specified event(s) meets 
the triggered requirements within a given maturity period (typically 3-5 years). If the trigger 
requirements are met, the investor’s coupon payments and principal are either deferred or completely 
exhausted, depending on the class of note. If the bond isn’t triggered, the principal is returned in full at 
maturity (Cummins, 2009). 
 
In 2019, the African Risk Capacity (ARC) is continuing in its efforts to launch the Extreme Climate Facility 
(XCF), a funding mechanism on a multi-year basis that will utilize climate catastrophe bonds to help the 
region transfer climate-related risk to the capital markets. The facility launched in 2014 to provide the 
African community with much-needed financing in the aftermath of natural disasters. The overall goal is 
to build Africa’s resilience to drought and other extreme weather events by leveraging the risk transfer 
markets. Like the indices already discussed, the ARC is looking to structure something similar and aims 
to use indices to build parametric climate risk catastrophe bonds, which would be used to source capital 
for the XCF. They have also collaborated with the United Nations and InsuResilience to draw upon their 
expertise to help structure the deals. The head of InsuResilience, Dr. Astrid Zwick, stated ‘the centrality 
of our collaboration with countries is to enable a more timely and reliable post-disaster response. 
Critical to this are preparedness and readiness using climate disaster risk finance and insurance 
solutions. The XCF promises to be one of those instruments that can complement ongoing efforts in 
countries to avert, minimize, and address climate disaster risks by strengthening local adaptive capacity 
and resilience…’ (Artemis, 2019). 
 
Furthermore, the Executive Secretary of the United Nations Convention to Combat Desertification 
(UNCCD), Ibrahim Thiaw, when discussing the impacts of climate change on the region, stated, ‘the 
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message is clear. We will see an increasing number of droughts with unprecedented severity, which are 
exacerbated by climate change. No country or region, rich or poor, is immune to the vagaries of 
drought. The ARC-led XCF will become an important tool to help African countries to cope effectively 
with the impacts of drought’ (Relief Web, 2017). Currently, through the Drought Initiative, the UNCCD is 
helping 35 of Africa’s 57 countries to create the mechanisms they need to take early action to avert 
drought disasters. Today, Africa is ramping up pre-emptive actions as a unified front against future 
drought and climate-induced disasters in the region (Artemis, 2019). 
 

Weather derivatives 

“A derivative is a financial security with a value that is reliant upon or derived from, an underlying asset 
or group of assets—a benchmark. The derivative itself is a contract between two or more parties, and 
the derivative derives its price from fluctuations in the underlying asset” (Chen, 2019). 
 
Weather derivatives began trading Over-The-Counter (OTC) on the Chicago Mercantile Exchange in 1999 
and are financial instruments used to hedge against weather-related losses. Unlike traditional insurance, 
claim payments are not dependent on actual damage incurred, but on specific events occurring. Major 
indices include Heating Degree Days (HDD), Cooling Degree Day (CDD) and the National Rainfall Index 
(NRI). By using indices, moral hazard is reduced because an independent weather station reports the 
underlying event, and this reduces the ability of buyers and sellers to influence pay-out (Jin et al., 2005). 
The main difference between a derivative and a parametric instrument is that no insurable interest is 
required. 
 
Since the GDP of many economies are weather-sensitive (see Nadolnyak and Hartarska, 2012), it would 
seem they are the perfect instrument to insure against weather risk, but uptake suggests otherwise (see 
Carter, 2014). The major obstacle for purchasers is basis risk, the two main types being geographical and 
production. The former is the difference in weather conditions at the independent weather station and 
the buyers’ location, and the latter a disparity between crop yields, for example, and weather 
conditions. Berg and Schmitz (2008) suggested geographical basis risk could be avoided altogether by 
structuring a portfolio of derivatives in different locations as a hedging exercise. Most territories 
mentioned throughout this paper, however, have low insurance penetration and local expertise, and 
without intermediary involvement, derivatives would likely prove too complex for these buyers. 
 

Climate risk insurance 

As new products begin to get off the ground, two trends have become apparent. Firstly, despite 
the fact parametric instruments were originally used to hedge against weather risk in the 
agricultural sector, they have evolved to cover a wider range of perils to address disaster risk 
management and climate adaptation. This type of cover is commonly known as climate risk 
insurance (Giz, 2015). Secondly, parametric instruments have increasingly been used by 
sovereign states through risk pools such as the CCRIF, which helps to reduce the higher 
transaction costs and helps to diversify the pool, leading to premiums decreasing further (Diaz 
et al, 2019). 
 
Three major sovereign risk pools have emerged in recent years, the Caribbean Catastrophe Risk 
Insurance Facility (CCRIF), the African Risk Capacity (ARC), and the Pacific Catastrophe Risk 
Assessment Financing Initiative (PCRAFI), all of which we will discuss in detail later in the paper. 
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All these facilities utilize parametric instruments to offer insurance to those within their 
respective risk pools.  
 
Parametric instruments are a relatively new phenomenon, and the assessment of their usage 
across risk classes is still ongoing. As we will see throughout the paper, they are yielding 
positive results, but demand levels are still relatively low, mainly due to the poor financial 
position many developing nations find themselves in (Melo, 2015).  
 

ILS market consensus 

According to the rating agency Fitch, the reason the ILS market has seen a slowdown in the inflow of 
capital isn’t just because the amount investors have had to pay out in recent years or because they fear 
their capital will become trapped, but because they are becoming increasingly nervous around climate 
risk. They state, ‘investors appear to be more hesitant about investing and are seeking higher returns 
given concerns over climate change and loss reporting’ (Artemis, 2019). The results from Artemis’ survey 
into what executives feel are the pressing risks to the (re)insurance market supports this (see figure 9 
and 10).  
 
However, as many of these decisions are reliant upon modelled output, the model providers need to 
improve their reporting to ensure the uncertainty around loss creep seen over the last few years isn’t 
repeated. Otherwise, investor confidence is likely to drop even further. Education and increased levels 
of transparency through informing investors how pricing models are factoring in the effects of climate 
change are fundamental to renew this confidence. 
 
PwC’s Insurance Banana Skins report for the Centre for the Study of Financial Innovation (CSFI) 
supported these findings. In this report, climate change was flagged as the 6th most significant risk facing 
the market by re/insurers overall. Property and Casualty (P&C) insurers ranked climate risk as 3rd, while 
participants in the reinsurance space ranked it as the 2nd most pressing risk behind cyber. Climate 
change hadn’t featured on this list since 2007, which shows the growing impetus around climate risk. 
Respondents stated it had featured further down the list historically because it was viewed as a long-
term risk, but recent loss years have ‘spooked’ the market leading to its rise. 
 
The following graphs come from Artemis’ 2019 senior executive survey, where future reinsurance 
purchasing patterns, allocation to the ILS market, and the most significant challenges facing the 
reinsurance market are discussed. It helps to illustrate how much attention reinsurance executives are 
placing on loss creep and climate change, but also their decisions to purchase ‘more’ or a ‘little more’ 
reinsurance in the coming year. 
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Turquoise= about the same, green = a little more, purple = significantly more, red = a little less, grey = significantly less  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Climate change will have an impact on the (re)insurance and ILS markets, but what if we were to look at 
it from a different angle? Because the performance of an ILS contract is primarily driven by the presence 
or absence of natural catastrophes, it would seem logical that global warming would change the risk 
level of these instruments. However, climate trend projections span over hundreds if not thousands of 
years, in contrast to many insurance-linked instruments, which are typically short-tailed. Therefore, one 
might suggest it’s not necessary to factor the long-term effects of climate change in the pricing of short-
tail contracts, but to focus on climate variability and short-term trends instead. 
 
Moreover, it’s worth remembering that climate change will only impact individual pockets of the 
market, and only instruments covering natural perils will be exposed to climatic trends. Earthquake, for 
example, is a crucial driver of tail risk in the ILS market but isn’t directly affected by climate change. This 
raises a topic that falls outside the scope of this paper as to whether insurance-linked securities should 
be covering more non-catastrophe risks to offset the potential for spike losses. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 

Figure 10 
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Vulnerable regions 

Developing nations 

Developing nations are withstanding substantial economic damage resulting from climate-
related disasters. In absolute dollar terms, high-income countries like the USA and China sustain 
the highest losses; however, those suffered by developing nations can often amount to three to 
four times their annual GDP (see CRED and UNISDR, 2018). Between 2000-2017 countries 
dominated by low-middle incomes saw more than 3.6 billion people impacted by climate-
related disasters (see CRED and UNISDR, 2018, World Bank, 2017). 
 
When we look at the statistics, the need for these countries to better manage climate risk 
through leveraging the expertise and capacity of the global (re)insurance and capital markets 
becomes apparent. Between 1980-2019, climate-related disasters increased from around 200 
events annually to about 8007 (Munich Re, 2019). Furthermore, conservative assumptions 
predict that by the end of the century, low-income nations will be 9 percent poorer because of 
climate change (IMF, 2017). These figures are just the average, and the impacts would be far 
higher in certain territories.  
 
In the last ten years, international policymakers have accepted developing nations need help to 
understand the methods of risk transfer better when it comes to their natural-catastrophe 
exposures. In 2012, G20 leaders stated, ‘… we recognize the value of Disaster Risk Management 
(DRM) tools and strategies to better prevent disasters, protect populations and assets, and 
financially manage their economic impacts’ (Leaders of the G20, 2012). Moreover, in 2015, the 
Sendai Framework for Disaster Risk Reduction highlighted the need for ‘mechanisms for 
disaster risk transfer and insurance, risk-sharing, retention, and financial protection, as 
appropriate, for both public and private investment to reduce the financial impact of disasters’ 
(UNISDR, 2015). As touched upon, the Paris Climate Agreement also refers to ‘risk insurance 
facilities, climate risk pooling, and other insurance solutions’ (UN, 2016) as methods to facilitate 
climate-related risk management solutions. Moreover, the finance ministers of the Group of 
Vulnerable Twenty (V20) requested for ‘… a trans-regional public-private mechanism, modelled 
on similar pre-existing regional facilities and featuring index-based risk transferal [sic] and other 
innovative insurance tools’ to manage future climate-related disasters’ (Finance Ministers of 
the V20, 2015). 
 

Pacific Islands  

Pacific Island Countries (PICs) are among the most vulnerable regions when it comes to natural 
disasters and the effects of climate change. The islands are exposed to a range of climatological, 
geophysical, and hydro-meteorological events. Since 1950, natural disasters have impacted 
more than 9.2 million people, caused around USD3.2 billion in damage, and resulted in around 
10,000 deaths in the region. 

                                                 
7 Losses of less than USD50 billion compared to more than USD150 billion 
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Tropical cyclone is the most common of these disasters and they experience on average one or 
two devastating cyclones each year. The resulting wind, storm surge, and flood causes 
widespread damage both from an economic and insured loss perspective. Not only are the 
islands exposed to precipitation events, but also earthquakes, tsunamis, and volcano eruptions 
due to their near position to Pacific plates. Furthermore, weather patterns such as El Niño can 
cause severe droughts to some of the smaller islands, which are especially dangerous to those 
that have limited freshwater sources. 
 
The islands range in size, some are small sea-level islands, while others have large, mountainous 
landscapes, so their exposure to perils is dependent on their geographical makeup. Moreover, 
their exposure to disasters depends on their proximity to the Typhoon Belt and Ring of Fire, 
those closer to the Ring of Fire are at higher risk from earthquakes and tsunamis. Those regions 
situated in the northern hemisphere experience the Typhoon Belt while those in the southern 
experience the Cyclone Belt. Central hemisphere countries experience intense weather activity 
but to a lesser extent. Eastern El Niño tends to result in more significant rainfall and flood in 
eastern Pacific regions but can lead to western islands experiencing prolonged droughts.  
 
PICs are especially vulnerable to extreme weather events because of their dependence on 
natural resources, lack of local expertise when it comes to risk transfer and insurance, lack of 
natural barriers, their remoteness, and their weak economies. According to Lam (2018), at least 
eight of the PICs are among the 30 most vulnerable regions to natural disasters based on their 
economic losses as a percentage of GDP. According to the IPCC, PICs vulnerability to these 
events is only going to increase because of climate change, and they expect the number of 
extremely hot days to grow by 2030, the number of heavy rain days to increase by 2050, and an 
increase in extreme rainfall from once in every 20 years to once in every seven to ten years 
even when using conservative assumptions (ADB, 2013). Observations of increases in weather 
events have already been seen by the ADB, who suggest they are now four times more likely to 
impact people in the Asia Pacific than those in Africa, and 25 times more likely than in North 
America and Europe (ADB, 2013). 
 

Hydrometeorological 
Islands in the tropical regions of the Pacific Oceans are particularly exposed to cyclones forming 
in the North-western Pacific Basin, the most active basin in the world. Excess rainfall here leads 
to catastrophic flooding in low lying islands, and in the larger, mountainous islands, it often 
triggers severe landslides. The severity of these storms is dependent on the meeting of trade 
winds in the Southern and Northern Hemispheres, which results in a thunderstorm belt. During 
the austral summer, the convergence of these winds intensifies cyclone activity, and during the 
austral winter, when winds weaken, cyclone activity reduces, and dry seasons become more 
frequent in South Pacific regions. 
 
Concerns arise around their exposure to cyclone activity because they lack in natural protective 
barriers, especially in Northern and Southern islands who are in the cyclone belts. The 
frequency of these disasters also impacts the economy and results in an average GDP impact of 
3-6 percent annually. Under further global warming scenarios, the frequency of cyclones may 
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decrease in the Pacific Basins to 35 percent (down 6 percent), but the intensity of each storm is 
likely to increase (IPCC, 2018). Supported by the fact that the number of category four and five 
hurricanes have doubled in recent years. As we mentioned earlier, El Niño can impact the 
intensity of these events, as showcased during the super El Niño in 2015/16. 
 
Storm surge can have the most significant long-term impact on PICs because of its ability to 
cause property destruction and pollute their already unstable freshwater sources. Once water 
and soil become polluted, it can take years to recover, which is made worse by the region’s 
reliance on farming for exports. As a result, water and food shortages in many PICs are on the 
rise. The most recent example came in 2008, when excess rainfall and long periods of swell 
combined to cause widespread flooding across western and central PICs, which affected over 
100,000 people in countries such as Papua New Guinean and Kiribati. The event coincided with 
the moon being at its closest point to the earth, which intensified the height of both the swell 
and resulting storm surge. According to the FSM, 29 islands were immersed entirely because of 
the flooding (Lam, 2018). 
 
Rising sea levels are also exacerbating the threat of tidal surge resulting from king tides. Kiribati, 
the Marshall Islands, and Tuvalu are all less than 5 meters above sea-level and are thus 
extremely exposed to such events. King tides arise ‘… when a new or full moon occurs at the 
same time when the moon is closest to the earth – typically between December and January 
and June to July every year’ (Lam, 2018, King Tides, 2019). Once the water recedes, clean water 
sources are often damaged, the soil becomes polluted, and secondary effects such as tourism 
will drop. Scientists state that if climate change isn’t addressed, then some of these islands will 
completely disappear by the end of the 21st century (Worland, 2019). 
 

Climatological 
PICs are also exposed to droughts, especially in El Niño years, when many islands experience 
long dry spells. During the last super El Niño, which was the strongest ever recorded, some PICs 
suffered a two-year drought, which killed livestock, threatened the security of food and water, 
destroyed crops, and affected nearly five million people. Micronesian states, the Marshall 
Islands, and Papua New Guinea all declared state of emergencies, in order to receive 
emergency funds (Relief Web, 2017) and with El Niño years likely to occur more frequently in 
the future, it suggests these countries will face more suffering if measures aren’t taken to adapt 
to the effects of climate change. Furthermore, both WHO and UNICEF state that more than 40 
percent of the population are already affected by water scarcity and sanitation, which is 
expected to worsen with the effects of climate change (UNICEF, 2015). 
 

Geophysical 
Although earthquakes aren’t directly related to climate change, it’s worth touching upon 
because of their ability to exacerbate the impacts of climate-related weather events, especially 
if they happen at the same time or close to one another.  
 
The Ring of Fire is the most active seismic region in the world, and more than 80 percent of the 
strongest earthquakes and volcanic eruptions throughout the last 10,000 years have occurred 
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there (Hinga, 2015). Over the previous 20 years, there have been significant earthquakes in the 
region8. Moreover, barrier reefs can be damaged because of shifts in tectonic plates, and as a 
result, it can impact the tourism sector, which many regions rely on to drive their economy. In 
1953 Fiji experienced a 6.8 magnitude earthquake and their coral barrier reef collapsed 
(Rahiman, Pettinga and Watts, 2007). Combining the impacts on properties, water sources, and 
crop pollution with the reduction in the tourism sector, which makes up 17 percent of their 
annual GDP and employs over 40,000 people (Invest Fiji, 2019), the impacts of natural disasters 
become clear to see. 
 
These earthquakes can also trigger devastating tsunamis, for example, tsunami warnings in 
many Asian countries and Australia are frequent following earthquakes in the Chilean Trench9. 
During the Great Chilean earthquake of 1960, which reached magnitude 9.5 and is the most 
severe in recent memory, many PICs experienced tsunamis after the earthquake struck.  
Fortunately, the surrounding oceans in these regions have strong currents and often counteract 
the smaller tsunami waves, which limits their overall impact. 
 
Volcanos are frequent in the region also, and in 2017, a northern island in Vanuatu10 had to 
evacuate its entire population of 17,000 after the eruption of the Ambrym volcano. 
 
 
 
 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 
 

 

 

                                                 
8 Solomon Islands magnitude 8.0 in 2013/16, Samoa – 14-meter-high waves following magnitude 8.1 earthquake 
resulting in 189 deaths. 
9 Most recently in 2010, 2015, and 2016 
10 Ambae 

Table 3 
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Insurance solutions in PICs 
In October 2019 the Asian Development Bank (ADB) approved USD24 million worth of 
contingent disaster financing triggered through parametric measures for the states of the 
Marshall Islands, Micronesia (FSM), Tonga, and the Solomon Islands (see ADB, 2018). It was the 
second phase of the Pacific Disaster Resilience Program and was created to help strengthen ex-
post disaster financing in the regions. The products came off the back of the ADB’s new 
contingent natural disaster risk financing solutions in 2019, which attempted to improve the 
speed of payment in the aftermath of severe weather events in vulnerable regions.  
 
In terms of the facilities structure, USD3 million of the deal was a loan, USD3 million was a 
Solomon Island grant, and USD6 million worth of grants went to each of the FSM, Tonga, and 
the Marshall Islands (Artemis, 2019). The concept passed its first test in 2018 when Tonga drew 
upon finances after cyclone Gita struck the islands, which laid the foundations for the 
development of more catastrophe contingent financing solutions. Reiterated by Hann Uusima, 
a climate change specialist at the ADB, who stated ‘based on the success of the first phase of 
the program, the second phase will support policy actions in disaster risk management and 

Figure 11 - The Ring of Fire (Straits Times, 2018) 
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provide a source of rapidly disbursing finance for timely disaster response and early recovery’ 
(Artemis, 2019). 
 
The importance of preparing for climate-related events is vitally important and doing so is 
enforced by this facility. Financing is dependent upon buyers taking pre-agreed disaster actions, 
and if they aren’t, then they will not be eligible for the loans. Although some countries have 
elements of parametric insurance, the ADB suggests weather-events could exceed fiscal 
budgets and emergency funds, stating the facility will be more cost-effective than traditional 
forms of (re)insurance and other insurance-linked instruments such as catastrophe bonds, since 
the transactions don’t require the same level of scale. 
 

Africa 

The IPCC’s 2012 paper titled Special Report on Managing the Risks of Extreme Events and 
Disasters to Advance Climate Change Adaptation (see IPCC, 2012) pays special attention to the 
African continent. However, because the quality of data in the region varies, the reliability of 
some findings can often be questioned, for example, there is a low to medium level of 
confidence in heavy rainfall and extreme temperature datasets, literature, and the consistency 
of how it’s measured. Despite this, most of the regions that have available data show that 
extreme temperatures are on the rise (Seneviratne et al., 2012). The IPCC also has a high level 
of confidence (90th percentile) that warm spells and heat waves will increase towards the end 
of the century (Tebaldi et al., 2006). Furthermore, the IPCC has a medium level of confidence 
that the severity of drought will increase in the 21st century, mainly due to reduced levels of 
evapotranspiration and precipitation. There is a low confidence level that heavy spells of 
rainfall will increase over the majority of Africa apart from East Africa, where there is a high 
level of confidence that heavy precipitation will become more frequent (Seneviratne et al., 
2012). 
 

Temperature 
Most regions over Africa have seen surface temperature increases of 0.5 degrees Celsius or 
more during the last 50 to 100 years, and colder places are warming faster than warm places 
(Hulme et al., 2001, Kruger and Shangew 2004, Grab and Craparo, 2011). Compared to the 
period between 1979-1994, surface temperature anomalies in Africa were far higher from 1995 
to 2010, and the below figure helps to illustrate this further (IPCC, 2014). 
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Observational trends over recent decades suggest surface temperatures in Northern Africa 
have warmed to a level significantly beyond the expected level of change due to natural 
variability, especially in countries like Morocco and Algeria (see Barkhordarian et al., 2012). 
Northern Africa has also experienced increasing trends in the minimum and maximum annual 
temperatures (see Vizy and Cook, 2012). 
 
When it comes to western Africa, surface temperatures have also risen over the past 50 years 
and according to indices developed by the Expert Team and Climate Change Detection and 
Indices (ETCCDI) recorded warm days and nights between 1961 and 2000 are on the rise and 
the number of cold days and nights are reducing (New et al., 2006). These findings are 
supported by Collins (2011), who found levels of warming between 0.5-0.8 degrees Celsius 
between 1970 and 2010.  
 
The southern and equatorial regions of Africa have also experienced warming temperatures 
since the early 1980s (see Anyah and Qiu, 2012). The Famine Early Warning Systems Network 
(FEWS NET) indicate mean temperatures have been on the rise in areas such as Kenya and 
South Sudan over the past 50 years and highlight the negative impacts this will have on the 
country’s food source (Funk et al., 2011 and 2012). 
 
According to Christensen et al. (2007) and Sanderson et al. (2011), there is an expectation that 
temperature levels are going to rise faster in Africa than the global average, moving beyond 
simulated variability by 2069. Furthermore, climate-related events in western Africa will occur 
1-2 decades earlier than the global average because of its vulnerability to climate variability, so 
a relatively small change in the climate can have severe impacts on the region. 
 

Precipitation 
Because there is a lack of observational data when it comes to precipitation in Africa, it’s 
difficult to draw meaningful conclusions about future trends (see Kalognomou et al., 2013). 

Figure 12 (IPCC, 2014) 
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However, where data is available, it suggests a high level of confidence that annual 
precipitation levels have decreased over the past century in western and eastern regions of 
northern Africa (IPCC, 2012). 
 
Over recent decades the northern regions of Africa have experienced decreasing levels of 
precipitation during its winter and early spring season (Barkhordarian et al., 2013) and 
observations show there were more than 330 dry days (less than 1 millimetre of rainfall a day) 
per year from 1997-2008 (Vizy and Cook, 2012). Despite this, observations show positive trends 
in precipitation during the autumn months in certain northern areas like Morocco and Algeria 
(Barkhordarian et al., 2013).  
 
Levels of precipitation in eastern Africa show a high level of variability, which, according to 
Rosell and Holmer (2007), is driven by physical processes. The suggested cause of this reduced 
rainfall is the rapidly warming Indian Ocean, which results in the levels of precipitation and 
convection over the tropical Indian Ocean reducing (Funk et al., 2008). Observations also show 
decreasing levels of rainfall during the late austral summer in southern regions of Africa 
throughout the 20th century (Hoerling et al., 2006). 
 
Predicting future trends of precipitation is more complicated than temperature, but according 
to the IPCC, a reduction in rainfall over many African regions is ‘very likely by the end of the 
20th century’ (IPCC, 2012). Extreme changes in the level of precipitation, such as heavy rainfall 
and droughts, have been more frequent over the past 30 to 60 years, and with the Indian 
Ocean showing continuing signs of warming, these events can be expected to continue. Other 
weather patterns such as El Niño will also have an impact on African regions leading to a higher 
risk of severe drought. However, there are still uncertainties around the changes in cyclone 
activity from the southwest Indian Ocean, which have resulted in devastating floods throughout 
the 20th century (see Shongwe et al., 2011). 
 

Impacts and susceptibility 
The rising risk of natural disasters and their effects on vulnerable people has been 
acknowledged by the Human Rights Council who, in 1981, passed legislation known as the 
African Charter. This legislation underlined the human right to a ‘… general satisfactory 
environment favourable to their development’ (Amechi, 2009). 
 
It's mentioned in the Paris Agreement that as part of many country’s Millennium Development 
Goals (MDGs), they want to educate people on the effects of climate change. Not only do 
natural disasters affect the region’s economy, agricultural sector, and fisheries industry, but 
also the well-being and prosperity of its citizens. Africa has made significant progress with some 
of its MDGs, but there’s often a disparity between those that favour higher-income groups and 
urban areas, which often leads to further marginalization of low-income families and a 
widening of the gap between the rich and poor (MDG Africa Steering Group, 2008, World Bank 
and IMF, 2010). The continent is under enormous pressure, especially when it comes to 
demographics and economic challenges. With the ever-expanding population, which has more 
than doubled since 1980, surpassing 1 billion in 2010 and expected to exceed 3 billion by 2050 
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(see Muchena et al., 2005), loss of livelihood and increasing levels of poverty are further 
crippling the region (Easterly, 2009). To illustrate this further, 41 percent of Africans are living in 
poverty, and of the world’s 28 poorest countries, 27 of them are in sub-Saharan Africa (Patel, 
2018). Despite the percentage of people living in poverty-reducing from 56 percent in 1990, this 
figure is still alarming. 
 
In terms of employment share, the agricultural industry is the primary economic source in sub-
Saharan regions (FAO, 2002) and increasing stagnant yields, alongside a rapidly rising 
population, has resulted in a severe reduction in per capita food availability since the 1970s 
(MGD Africa Steering Group, 2008). Furthermore, fluctuations in global food prices can lead to 
further malnutrition, for example, it’s estimated the rise in global food prices during 2009 
contributed to an additional 30-50,000 children suffering from malnutrition in sub-Saharan 
regions (see Friedman and Scady, 2009). If we couple an increase in global food prices with 
extreme weather events, the consequences on vulnerable people can be damning (Yabi and 
Afouda, 2012).   
 
 
 
 
 
 
 
 
 
 
 
In response to this, the New Partnership for Africa’s Development (NEPAD) was created in 
2001, which aimed for Africa to lead the efforts to promote the development and inclusive 
growth in the region. Additionally, the Comprehensive Africa Agriculture Development Program 
(CAADP), which works under the NEPAD, was formed in 2004 and intends to improve economic 
growth through agricultural initiatives looking at four pillars specifically, market access, food 
supply and hunger, land and water management, and better agricultural research (see NEPAD, 
2010).  
 

Water 
African regions have taken significant steps to improve the availability of clean drinking water 
and sanitation with access rising to 65 percent from 56 percent between 1990 and 2008 (UNDP 
et al, 2019). The number of people in sub-Saharan Africa with improved sources of drinking 
water doubled over the same period (UNDP et al, 2019). Improvements in sanitation levels, 
however, are much lower, with levels reaching just 41 percent in 2010. 
 
The limitations when it comes to observational data arises again when looking at the effects of 
climate change on African water resources. Attributing changes in water resources to climate 
change is difficult given there are multiple drivers of groundwater hydrology, such as water 

Figure 13 (Diaz et al, 2019) 
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withdrawals, natural climate variability, and land-use changes (see Neumann et al., 2007). 
Nevertheless, the evidence is mounting to suggest that climate change will have a modest 
effect on water scarcity in Africa relative to other drivers, such as agricultural and population 
growth (Calow and MacDonald, 2009). Despite this, assumptions about water shortages are 
often masked by the fact that some regions are water-stressed, and the smallest variability in 
surface dryness can have devastating consequences. For example, recent studies show that 
rainfed agricultural sectors in northern Africa are heavily dependent on the number of wet 
days, and if they were to reduce, it would negatively impact their output (see Born et al., 2008 
and Abouabdillah et al., 2010). 
 
According to Droogers et al. (2012), by 2050, climate change will contribute to 22 percent of 
water shortages in North Africa, while the remaining 78 percent will be attributed to 
socioeconomic factors. Findings also raise concerns with regards to the Nile Basin, which is 
especially alarming given its geopolitical and socio-economic importance (see NIS, 2019). Flows 
are expected to reduce by the end of the century due to increasing temperatures, decreasing 
precipitation levels, and changes in upstream water development because of the transition to 
hydropower (Elshamy et al., 2009).  
 
The overall impact of climate change on African water sources is expected to be modest when 
compared to other drivers, such as population growth and land-use changes, but these impacts 
will vary across regions depending on their reliance, as indicated by MacDonald et al. (2009). In 
this study, they found that climate change wouldn’t affect groundwater levels in regions that 
received less than 200 millimetres of rainfall per year or those receiving more than 500 
millimetres, who would have enough levels of water even if rainfall reduced. Furthermore, they 
suggested the regions receiving between 200-500 millimetres of rainfall each year may suffer 
from climatic changes because of more frequent anomalies in drought and precipitation. 
Coastal areas are especially vulnerable because of saltwater intruding into the groundwater 
(Moustadraf et al., 2008). 
 

Food security and local agriculture 
When it comes to food production systems, Africa is one of the most vulnerable regions 
because of its reliance on rainfed crops and high poverty rates (Boko et al., 2007). Although 
better recognition of climate change may help them to adapt in the short term, the agricultural 
sector will face significant challenges given drought and precipitation levels are expected to 
rise, increasing the likelihood of diminished crop yields (Battisti and Naylor, 2009). Maize is a 
good example of this, which is one of the most vulnerable, especially in southern Africa where 
estimated loss in yields will be around 18 percent (Zinyengere et al., 2013), 22 percent in the 
aggregate across sub-Saharan Africa, and reaching highs of 30 percent in South Africa and 
Zimbabwe (Schlenker and Lobell, 2010). Furthermore, models suggest climate change will have 
significant effects on cereal crops, from 2 percent for sorghum to 35 percent for wheat by 2050 
(Nelson et al., 2009). 
 
Low-income families and smallholder farmers are at the most significant risk from these 
changes, since the former spend more than half their income on food and the latter often 
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purchase more than 50 percent of certain crops. For example, smallholder farmers are 
responsible for around 50 percent of staple grain purchases in Kenya and Ethiopia (see Jayne et 
al., 2006 and Cohen and Garrett, 2010). 
 

Fisheries industry 
The fishing industry is another vital yet vulnerable source of food in Africa. Combining 
aquaculture and capture fisheries amounts to more than one-third of the animal protein intake 
in Africa and up to two-thirds in coastal countries (Welcomme, 2011, Allison et al., 2009). 
According to De Silva and Sotto (2009), given the projected population growth, the demand for 
fish in the region is expected to increase drastically over the next few decades. Lam et al. (2012) 
predicted the value of fish in the region would reduce by 21 percent by 2050, resulting in a near 
50 percent decline in fishing related employment, in terms of overall dollar loss this is 
estimated to reach USD311 million annually. 
 

Asia 

Although rising sea levels will impact most coastal cities, experts unanimously agree that Asia is 
the region most exposed given their cities economic activities, population, and landmass. 
According to Horton (2019), by 2050, four out of every five people affected by sea-level rises 
will live in East or South-East Asia. The World Economic Forum supported this in their 2019 
Global Risks Report when they identified Asia as the most vulnerable continent when it comes 
to rising sea levels. Furthermore, in their ‘A Region at Risk’ report, the ADB predicted flood 
losses would increase from around USD6 billion per year in 2005 to about USD52 billion by 
2050.  
 
China is now stepping up efforts to minimize these effects by implementing plans to ensure 
they can withstand rising sea levels and more frequent flooding by creating additional green 
areas that can absorb the ensuing water. Although China is well known for its long-term 
planning with regards to climate change, it’s still responsible for around 30 percent of global 
GHG emissions. 
 
Certain regions stand out for their efforts to mitigate against the risks of storm surge. Singapore 
has developed advanced methods of water capture and storage systems that enable them to 
redirect rainwater from built-up areas and convert the grey water into drinking water (Luu et 
al., 2016). In 2019 they took further measures by starting the National Sea Level Programme 
that will bring experts together to understand better how rising sea levels will impact Singapore 
moving forward. Masagos Zulkifli, the Environment and Water Resources Minister, said the 
government would put USD10 million into the program over the next five years. In the grand 
scheme of things, this is quite a small amount and will unlikely be enough to make a dent in a 
country that scientists from Crowther say will face ‘unprecedented climate shifts by 2050’ 
(Bastin, 2019). 
 
One of the short-term solutions to climate change is the relocation of citizens, it doesn’t serve 
to reduce the effects of climate change, but it does protect the most vulnerable people. The 
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Mekong Delta in Vietnam is one of the most productive regions on earth and is a key exporter 
of fruit, rice, and shrimp. The region houses around 18 million people, and because of its low-
lying river, its citizens are some of the most vulnerable. In the last ten years, just under two 
million people have migrated the region while only around 700,000 have arrived (see Chapman 
and Tri, 2018). 
 
In 2013, Chapman and Tri visited the Sóc Trăng Province to collect data on agricultural yields 
and found that very few farmers had any meaningful returns to report. The commune had lost 
most of its sugarcane crop due to surprisingly high levels of saltwater that had seeped into the 
soil and destroyed the crops, leading to many more people sliding below the poverty line. It saw 
saltwater traveling over 80 kilometres inland and destroyed more than 160,000 hectares of 
crops. Matters were made worse in 2015 when the region suffered its worst drought in over a 
hundred years. As a result, net migration increased in the following year, and saw one in every 
100 citizens leave the region. (Chapman and Tri, 2018). 
 
Results from the same study suggested the dispersion of 15.5 percent of the migrants was 
down to climate change, which equates to around 24,000 people leaving the region every year. 
Behind this redistribution lies a host of climate drivers, for example, homes have fallen into the 
sea as coastlines have eroded in southwestern regions of the delta, with some areas seeing 100 
meters of coastal erosion in one year. The increase in saltwater has impacted thousands of 
homes, and others have suffered at the hands of increased drought, attributed to both 
upstream dam construction and climate change. They found that more groups are migrating 
from the Mekong because of measures initially taken to protect them from climate-related 
disasters. Dikes range across the delta and were initially built to protect crops from flooding, 
but the ecosystem has been altered because of them.  
 
All of this suggests that climate change threatens to impair the trends of economic migration 
(Chapman and Tri, 2018). Findings from Sumana Banerjee also found that migration in deltas 
because of climate-related events plays a crucial role in making natural resource-driven lives 
more tenuous, encouraging the continuation of migration (Banerjee, 2018).   
 
Although we have mostly discussed developing nations, developed nations are still highly 
vulnerable to climate change, as briefly touched upon in the table below. 
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Table 4 

 

Initiatives to combat climate change 
More poor people in developing nations die from the effects of natural disasters, both in 
absolute terms and as a percentage of the total population, than those in developed countries. 
According to Munich Re, 851,000 people died from weather-related natural catastrophes 
between 1980 and 2015, and 61 percent of these people lived below the poverty line (living on 
less than USD3 a day). Many attribute this to the lack of expertise in the local risk transfer 
markets and early-warning weather systems needed to mitigate against natural catastrophes. 
As we have already mentioned, financing the effects of natural disasters can be done through 
ex-ante or ex-post financing. We will now look at how sovereign risk pools are utilizing the 
instruments we discussed earlier to transfer risk. 
 

Caribbean Catastrophe Risk Insurance Facility (CCRIF) 

Overview 
In 2004, Caribbean regions suffered catastrophic damage at the hands of Hurricane Ivan, which 
prompted Caribbean Communities (CARICOM) and the World Bank to create new methods of 
risk transfer to manage the resulting economic impacts of natural disasters better. The 
Caribbean Catastrophe Risk Insurance Facility (CCRIF) was formed and allowed participating 

Country Vulnerability 

United Kingdom In 2018, the United Kingdom updated their view on the effects of climate change based 
on different emission scenarios, applying a high emissions scenario they found: summer 
temperatures could rise by 5.4 degrees Celsius and winter temperatures by 4.2 degrees 
Celsius by 2100, the chance of temperatures breaching 2018 records will be around 50 
percent by 2050, tidal rises of 1.15 meters could be observed by 2100, winter 
precipitation levels could increase by around 35 percent, and average summer rainfall 
levels could reduce 47 percent by 2070. 

Australia The Australian Bureau of Meteorology conducted a similar exercise in 2018 and found; 
the Australian climate had warmed by more than 1 degree Celsius since 1910, which has 
seen an increase in catastrophic extreme heat events, sea levels are continuing to rise 
and are at risk of inundating sea-level coastal towns, the length of the fire season is on 
the rise leading to more severe bushfires, drought and fire seasons are expected to 
lengthen, and more extreme precipitation events are expected in certain areas. 

USA The United States 2018 report, conducted for the US Congress found; the effects of 
climate change are being observed across the country, the increasing frequency and 
severity of weather events will continue to damage the ecosystem and infrastructure 
that many communities rely on, the effects of climate change will exacerbate the 
challenges posed by ageing infrastructure and social inequality, and global efforts to 
reduce GHG emissions can help to elevate some of the strain posed by climate change. 
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countries to source insurance from a pool in a more efficient and straightforward manner. 
Sourcing traditional insurance can often be challenging for Caribbean regions because of the 
lack of local expertise in their domestic insurance markets and the high transaction costs 
associated with the relatively small deal sizes. The facility began in 2007 and provided 
parametric insurance to 16-member governments for tropical cyclones and earthquakes (World 
Bank, 2012). In recent years, the facility has looked to develop additional products at the 
request of members. Including cover against excess rainfall, which has proved to be 
problematic since it isn’t usually covered under tropical cyclone policies and products related to 
the fishing industry (see Artemis, 2019). 
 
The CCRIF has now been active for thirteen years and it’s currently looking to scale up at a time 
where disaster risk management (DRM) is becoming more critical than ever. To encourage 
countries to participate in the pool, the CCRIF provides members with a bespoke risk profile, 
which highlights the specific hazards, estimated losses based on different return periods, and 
details on historical losses. Despite insurance uptake in Central America moving at a slower 
pace than expected, resulting in a still sizeable protection gap, the CCRIF is beginning to yield 
some good results, as we will now discuss. 
 

Historical uptake 
The CCRIF’s uptake has been consistently strong since its inception. In its first year, 16 countries 
purchased insurance through the facility, and since then, uptake has remained steady with just 
one country dropping coverage (Bermuda). The unprecedented hurricanes over the last few 
years have increased the demand, with three new countries signing up and purchasing 
insurance through the pool, these being the British Virgin Islands, Montserrat, and Saint 
Maarten.  
 
The 2018/19 policy year has seen both Panama and Guatemala signing up to the facility. At the 
time of writing, there are 22 member countries, with 19 coming from the Caribbean and three 
from Central America. To date, The CCRIF has paid out more than USD152 million to 13-
member countries including USD1 million under the Aggregated Deductible Cover (ADC) (see 
CCRIF, 2019, table 9 and 10).  
 
According to Diaz et al. (2019), members fall into four categories, loyal buyers, recent arrivals, 
those who have once had a policy but chose to non-renew at one stage, and those countries 
who are yet to purchase. In total, 28 countries are eligible to participate in the pool, of these, 
six haven’t purchased insurance through the pool, which raises the question as to why certain 
regions remain loyal and why some have chosen not to participate altogether? 
 
When it comes to loyal buyers, affordability, the ability to cater to member’s needs, and 
effective ongoing management have all played a role in consistent renewals. The CCRIF has 
reinvested in the pool to improve its affordability and thus value for money for its members. 
During the pool’s first decade, it reduced its premium multiple, which is the amount charged to 
cover not only the annual average loss but also operating costs and surplus for reserves by 
around 30 percent (see World Bank, 2008). The CCRIF has also reduced its participation fees 
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from 100 percent to 50 percent to members who purchase cover over three years (World Bank, 
2012). Also, they have provided premium discounts by up to 25 percent following clean loss 
years, and to encourage members to purchase more cover, they introduced a 35 percent 
discount during the 2016/17 policy year (CCRIF, 2017, World Bank, 2012). 
 
One might question how the CCRIF can remain financially stable if they are giving such 
discounts, but thanks to shrewd financial management, generous donor contributions, and 
outsourcing much of its asset management, operations, and reinsurance they have managed to 
keep operating costs to a manageable level (see World Bank, 2017). Additionally, because there 
is a good level of participation, it has maintained a stable premium stream over time. Finally, 
they have also managed to leverage the capital markets and soft reinsurance market conditions 
to diversify their methods of placement11. 
 
Despite the success of the pool, many regions in the Caribbean are still buying less cover than 
they should. In an ideal world, these countries would purchase enough protection to enable 
them to manage short-term liquidity needs post-disaster, but according to the IMF, states are 
still hesitant because of the ‘… perceived high cost and competing developmental needs under 
fiscal sustainability challenges, and the imperfect correlation between parametric triggers for 
disbursement and damages’ (Guerson and Lissovolik, 2019). According to the CCRIF, the 
adequate level of cover is 25 percent of the country’s exposure to hurricane and earthquake 
risk, with many countries buying well below this level (see Spranger, 2019). 
 

Flexibility 
The CCIRF has also proven its ability to adapt to the needs of its members, for instance, they 
have reduced their minimum attachment point for tropical cyclone risk. Members requested 
coverage for events with a higher frequency and lower severity to complement its cover for 
severe, less frequent events. This change came one year after the CCRIF was formed and saw 
the attachment point reduce from a 1-in-20-year return period to a 1-in-15-year period and 
resulted in all members renewing their membership with 6 lowering their attachment point. 
The CCRIF lowered the available attachment point again in the following years to a 1-in-10-year 
return period (see World Bank, 2008). 
 
The CCRIF has also addressed the pressing concerns surrounding excess rainfall, which isn’t 
often covered under the tropical cyclone policies. Slow-moving tropical cyclones, for example, 
may not generate fast enough wind speeds to trigger the parametric policy, but the slow 
speeds could result in severe floods. As a result, members requested the CCRIF address this 
issue and develop products to fill the gap, which they did in 2014, creating an excess rainfall 
product with a 1-in-5-year return period attachment point. 
 

                                                 
11 In 2014, CCRIF complemented its reinsurance program with a USD30 million cat bond that the World Bank issued 
on its behalf. The bond provided three years of annual protection for hurricanes and earthquakes affecting CCRIF’s 
Caribbean members, enabling CCRIF to buy less reinsurance (Diaz et al, 2019) 
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The CCRIF has communicated with countries and created bespoke products to cater for their 
individual needs, for example, the Bahamas and Trinidad and Tobago have divided their excess 
rainfall products into subnational units (see CCRIF, 2018). In 2018/19, the Bahamas segregated 
their excess rainfall and tropical cyclone products into three separate zones and ceded 3.5 
percent in certain northeast regions and up to 75 percent in southeast areas. This highlights 
their ability to tailor products to individual needs, rather than offering a one size fits all product 
that will unlikely be suitable for the smaller Caribbean regions (Diaz et al., 2019). 
 

Managing expectations 
Basis risk is undoubtedly one of the significant challenges for members and the CCRIF itself. 
They have, however, attempted to minimize its effects by reinvesting and developing their 
models. During the 2011/12 policy year, the CCRIF used modelled loss projections as well as 
parametric measures to reduce basis risk, and according to Artemis (2019), it improved the 
accuracy of the modelled output. More recently, the CCRIF has developed its excess rainfall 
model to incorporate soil saturation, which helps to enhance their view on localized flooding 
(CCRIF, 2019). It’s also worth noting that they now own their modelling systems outright, so 
they can make changes as and when they see fit, rather than relying on third-party modelling 
companies for updates that may not be suitable for specific regions. 
 
When addressing issues around basis risk and moral hazard, the CCRIF has incorporated 
secondary trigger systems into their products to reduce the risk of modelled failure. Satellites 
monitor the levels of rainfall along with two other sources. The primary trigger is the satellite 
data, which confirms if an eligible event has occurred, and if one of the two other triggers 
confirms the economic losses are above the triggered threshold, then the policy will pay-out. 
Even if the second triggered attachment point isn’t breached, the policy may still trigger if the 
United Nations Office for the Coordination of Humanitarian Affairs website (ReliefWeb) reports 
a disaster in the area (see Diaz et al., 2019 and CCRIF, 2019).  
 
Furthermore, to address the issue of unmet expectations when it comes to pay-outs, the CCRIF 
has developed the Aggregated Deductible Cover (ADC) for both its earthquake and tropical 
cyclone products. In the case that modelled losses amount to at least 50 percent of the 
attachment point, the member will receive a small pay-out, up to 100 percent of their annual 
premium. During the 2018/19 policy year, ADC payments were made to six countries including 
to Haiti under its earthquake policy (see CCRIF, 2019 and table 10) and provides an excellent 
example of how the facility is addressing moral issues surrounding untriggered events. 
 
Additionally, the CCRIF has addressed the topic of reinstatements. Given that climate change is 
lengthening the periods of precipitation and drought, reinstatements allow members to 
purchase additional cover if maximum limits have been exhausted by an event earlier in the 
year (see CCRIF, 2018). An example of its effectiveness was seen when Antigua and Barbuda 
received a full pay after hurricane Irma, and again after hurricane Maria struck later in the year. 
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Countries yet to purchase 
Despite the success of the facility, six countries are still yet to buy insurance through it, and this 
tends to come down to four factors, concerns around the model’s reliability, the ability to 
protect against high frequency, low-severity events, the affordability, and availability of the 
product. 
 
One issue surrounding modelled output is that they don’t consider rainfall once it has hit the 
ground, relying on the aggregated amount of rainfall over a given area to estimate losses. 
According to an interview conducted by Diaz et al, this may be suitable for the smaller islands 
that have simpler topographies and hydrological conditions, but not for countries with large 
basins (See Diaz et al., 2019). The CCRIF is looking to develop this model and hopes that 
changes will make the product more appealing to clients in Central America. Further concerns 
have arisen with regards to the source of the data the CCRIF uses in its models. For example, 
because there is a lack of data for countries such as El Salvador, the model relies on historical 
data outside the country to establish loss estimates.  
 
When it comes to protecting themselves against higher frequency events, prospective members 
have often cited the need for better products at this level to protect themselves against long 
term, economic, and fiscal loss (i.e., 1-in-3-year return periods). At the time of writing, the 
CCRIF has declined to create these products as they suggest costs will be too high, and basis risk 
will likely increase to an unmanageable level (see interview three by Diaz et al., 2019).  
 
The biggest challenge for many Caribbean regions is paying for their insurance cover. Honduras, 
for example, intended to join the CCRIF in 2014, and an IDA loan was approved by the World 
Bank, which would have funded their premiums for seven years. However, the country suffered 
a severe macroeconomic downturn and was forced to undertake a stabilization program with 
the IMF totalling USD189 million. The country has, however, reiterated its intentions to join the 
pool once their economy stabilizes. 
 
From studies and interviews conducted by the WRI, they conclude three main points about the 
CCRIF (Diaz et al., 2019). 
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Table 5 

 

African Risk Capacity (ARC) 

Overview 
Droughts in Africa have been on a steady rise, and climate change is considered a vital 
contributing factor. Following on from the success of the Caribbean Catastrophe Risk Insurance 
Facility (CCRIF) and the region’s growing requirement for drought insurance, the World Food 
Programme (WFP), along with development partners, created Africa’s first regional risk pool, 
the African Risk Capacity Agency (ARC Agency). The pool was backed by governments within the 
region who endorsed its creation with 18 states signing up to the agreement. Launched 
officially in 2014, ARC provided insurance coverage against drought to Niger, Senegal, 
Mauritania, and Kenya (see ARC, 2019). Below is a look at how these regions have purchased 
insurance through the facility since its inception.  
 
The ARC is uniquely different from other sovereign risk pools in that it requires countries to 
complete extensive preparatory processes (ARC, 2018). For example, the modelling platform 
used by the ARC, the Africa RiskView platform (ARV), includes country-specific hazards and 
customized vulnerability data depending on the country in question. After the modelling 
process, countries are required to set out clear contingency plans illustrating how the funds 
from the ARC insurance pay-out would be used. Once completed, the country receives a 
Certificate of Good Standing, and insurance coverage is put in place.  
 
The goal of the ARC was to provide USD1.5 billion in aggregate cover for 150 million vulnerable 
Africans across 30 countries by 2020, but the ARC is yet to hit these ambitious targets. Despite 
18 states signing up to the agreement, only eight countries have purchased insurance from the 
agency. Moreover, this figure has been decreasing over time, and at the time of writing, the 
ARC has provided USD500 million in aggregate cover, indirectly insuring 50 million Africans. 

CCRIF Findings 

Strengths CCRIF has become a trusted facility and has been able to attract new clients 
while also retaining them. They have appealed to the region by offering 
frequent and fast pay outs, being flexible and adapting their premium and 
attachment point structure, product affordability, and continued innovation to 
structure new products to cater for perils such as drought. 

Challenges and 
improvements 

The facility needs to do more to meet its value proposition. Currently, the risk 
models and country profiles only cater for insurance application, while its 
technical assistance is also modest. 

 Managing the high frequency, low severity events in the region remains a 
challenge. The demand for lower attachment points illustrates the need to 
address the gap between economic and insured losses. 
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These obvious shortcomings have led to many questioning the long-term viability of the risk 
pool. 
 

Historical uptake 
The most successful years for the ARC came in 2015/16, where seven countries purchased 
insurance from the pool, but this figure has been declining ever since. In 2018/19 just three 
countries purchased insurance, and at present, only one of these states has paid for its policy 
(The Gambia) (Diaz et al., 2019 and ARC, 2017). As a result, ARC Limited, who underwrites the 
business, has gone from generating a net profit of USD22 million in 2014 to a net loss of around 
USD6 million in 2018. Furthermore, their capital base reduced by around USD18 million 
between 2016-2018 (ARC, 2019). 
 
Another primary concern is the frequent non-payment of premiums, which is exacerbating the 
ARC’s problems. Some countries have signed up to the pool but haven’t paid the premium 
associated with their insurance policy. However, the ARC has often overlooked these cases and 
written them off as unlikely to be paid, all while allowing the policy to remain in force (ARC, 
2019). Furthermore, the ARC made two non-contractual pay-outs in 2017 and 2018. In 2017 
they paid out USD8.1 million to Malawi and USD2.4 million to Mauritania in 2018, despite the 
events not triggering the policy. The reason they didn’t trigger was a common disadvantage 
often cited with parametric/index triggered policies, basis risk. In the case of non-contractual 
pay-outs, the ARC cannot generally recover from their reinsurers, which adds to the strain on 
bottom-line performance. The ARC may be able to absorb these costs in the short-term; 
however, the long-term sustainability of their current approach has rightly come into question.   
 
Despite these issues, there are signs that member states are still interested in the ARC with the 
number of countries with a Certificate of Goods Standings increasing from 5 in 2014 to 11 in 
2019, which suggests they are interested in the services and products but have yet to purchase 
insurance due to factors unknown (see Diaz et al., 2019). 
 

Factors influencing uptake 
From figure 14, we can see there are three loyal insurance buyers through the ARC, five that at 
one point purchased and 25 that have never purchased. The 33 countries that have signed up 
to the ARC agreement are listed in the figure below. How these countries are categorized raises 
several questions, why are some countries yet to purchase coverage despite having engaged 
with the facility? Why have five countries dropped their coverage? And why do some countries 
continue to renew their cover? From the WRI data in the table below, they consider both 
Senegal and Burkina Faso loyal buyers but considering they are yet to pay their premium, time 
will tell whether this label will stick. 
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Those countries that have dropped their coverage have often cited issues about the credibility 
of the drought model and the affordability of the ARCs products (see Diaz et al., 2019). Another 
major factor is the typically unstable political environment in many African regions, with 
political cycles playing a role in whether the cover is renewed or not. When it comes to unmet 
expectations, pay-outs played a crucial role in Kenya dropping its cover. Kenya experienced 
severe droughts two years in a row, but losses fell below the attachment point. In the 2014/15 
policy year, Kenya paid USD9 million for USD30 million insurance cover in respect of drought, 
and split the policy into two, one for each of its rain seasons (e-Pact, 2017). They experienced 
below-average levels of rain that year, and despite much of the population suffering, the 
modelled response costs were not enough to trigger a pay-out (see ARC, 2015). The following 

Figure 14 (Diaz et al, 2019) 

Table 6 

Burkina Faso Kenya Malawi Mali Mauritania Niger Senegal The Gambia

2014-2015 6.3 3.3 16.5

2015-2016 (i)

2016-2017

2017-2018 2.4

2018-2019 (ii) (ii)

Total Payout 

(Millions 

$USD)

0 0 8.1 0 8.7 3.3 16.5 0

(i) Delayed payout in January 2017 for droughts during the 2015-2016 drough season

(ii) At the time of writing Burkina Faso and Senegal are yet to pay for their insurance premium

Original  data  from ARC (2019) and adapted by author

Purchased Insurance Didn't purchase insurance
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year Kenya again paid USD9 million for USD30 million in drought cover, but this time split the 
policies into four to cover more of their arid and semi-arid territories. They again experienced 
localized droughts that affected around 1.1 million people, and once again, the modelled losses 
came in below the attachment point, which highlighted the inadequacies of the model and 
highlighted the moral hazard associated with choosing the correct attachment point.  
 
Another example that highlights moral hazard and the limitations of models came in Malawi, 
when the ARV used the wrong type of crop in their model, one that hadn’t been planted in the 
region. The ARC came forward and accepted responsibility for this and the models out-of-date 
farming methods (Diaz et al., 2019). After much discussion, the ARC subsequently paid Malawi 
USD8.1 million in January 2017. Despite helping the region to combat some of the economic 
burdens, the pay-out was too-little-too-late in assisting the country to fight the worse effects of 
the drought. This serves as the perfect example of how vital basis risk and moral hazard are 
when structuring instruments. 
 
The cases of Malawi and Kenya highlight the lack of trust in the ARCs modelling capabilities. The 
Heinrich Boll Foundation and ActionAid have both been critical of the ARCs modelling 
capabilities, but the ARC has recently developed its model and implemented principles to 
remove basis risk from future transactions12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One more obvious factor affecting the uptake is affordability, with many African countries being 
among the poorest in the world. On average, they tend to be poorer than countries who have 
signed up to the CCRIF, so it would be hard to make direct comparisons between the two. The 
graph helps to illustrate this point further. 

                                                 
12 To date, these principles aren’t publicly available according to the WRI 2019 report 

Figure 15 
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These difficulties are exacerbated because African countries have traditionally funded their ARC 
premiums themselves, unlike members of other pools like the CCRIF, who utilize concessional 
finance through donors or the IDA to help fund their premiums. It’s unclear why African regions 
don’t use IDA funding as some of them are eligible to receive premium subsidies. Another thing 
to consider is the short return-period associated with many of the contracts and their 
corresponding premiums. Many ARC countries have a 1 in 5 return period attachment point 
(Senegal has a 1 in 4 attachment point) and these layers attract a higher premium than a 1-in-
100 or 1-in-250-year return periods. 
 
Niger in 2014/15 received a pay-out of USD3.3 million but dropped cover in 2016/17 because 
they couldn’t afford to re-purchase. Niger is one of the poorest countries in the world and has a 
gross national income per capita of USD39813 (2018), which falls drastically below some CCRIF 
members who also receive financial support and subsidies (see Trading Economics, 2019, Diaz 
et al., 2019). 
 
To combat the issue of affordability, in 2018, the ARC developed the Africa Disaster Risk 
Financing Programme (ADRiFi) with the help of the African Development Bank (AfDB). The 
program helps to subsidize participating members premiums by up to 50 percent over five 
years, to do so, countries must fund the other 50 percent themselves and hold a Certificate of 
Good Standing, the agreement does, however, require participants to sign up to the deal for a 
minimum of five years. The subsidies gradually phase out over the five years, and by the fifth 
year, they must pay 100 percent of the premium. Despite the advantages, many of the 
countries have already allocated funds to other programs, so the next opportunity for the 
newly created pool will be 2020. 
 

Pacific Catastrophe Risk Insurance Company (PCRIC) 

The PCRIC first came about when the World Bank Pacific Catastrophe Risk Assessment and 
Financing Initiative (PCRAFI) ended in 2015. Finance ministers of the Pacific regions decided to 
create a separate facility to continue providing insurance to the region (see World Bank, 2018). 
Under the PCRAFI umbrella is two legal entities, the PCRIC and the Pacific Catastrophe Risk 
Insurance Foundation (PCRIF). The PCRIC structured and launched its first insurance policy in 
late 2016, and five governments participated in the deal. The program currently offers both 
tropical cyclone and earthquake cover to Pacific Island Countries (PIC), and the World bank aids 
the wider facility, the PCRAFI, in supporting participating countries in their planning and 
technical processes. 
 
To further aid participating countries, the PCRAFI set up the Pacific Risk Information System 
(PacRIS), which is a geospatial database that lists specific hazards and exposure data for each 
country, and it’s this data that the models use to structure PCRIC products. The overall goal of 
these tools is to support the broader view on DRM, future financial planning, and helping to 

                                                 
13 For reference, Luxembourg ranks 1st at USD107,243 (2018) 



 

50 
 

improve the efficiency of post-disaster damage assessments. Although anyone can access the 
database, it has limited use outside the realm of insurance, and according to the World Bank, 
some of this data is now out of date (World Bank, 2018).  
 
The facility is now in its third season, and it has encountered several challenges to date, 
including slower than expected uptake and difficulty recruiting talent to manage and run the 
facility. 
 

Historical uptake 
To date, only 6 of the 14 eligible countries have purchased insurance through the PCRAFI. Five 
of these countries, The Marshall Islands, Samoa, Solomon Islands, Tonga, and Vanuatu, took 
part in the first policy year. The Cook Islands joined in the second year, and in the third year, 
the Solomon Islands non-renewed their policy with the facility. The list of members remained 
constant until the 2018/19 policy year when Vanuatu non-renewed. Although there have been 
consistent members, uptake has been slower than they expected, and similarly to the ARC, this 
could put a financial strain on the facility in the future. The USD3.5 million pay-outs to Tonga in 
201814 depleted part of the capital pool, and according to the DFID (2018), without premium 
income above USD3 million, the facilities pool of capital will continue to decline. The figure 
below illustrates the Pacific Islands purchasing patterns since the facilities’ inception.  
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
Diaz et al. (2019) state four members are loyal, and two countries fall into the dropped 
coverage category. As with the other sovereign facilities discussed, the reasons for not 
purchasing are affordability, the size of pay-outs, and the availability of required products. As 

                                                 
14 To date the program has paid out three times to two countries. USD1.3 million to Tonga in 2014 following 
tropical cyclone Ian, USD1.9 million to Vanuatu in 2015 following tropical cyclone Pam and USD3.5 million to Tonga 
again in 2018 following tropical cyclone Gita (World Bank, 2018) 

Figure 16 (Diaz et al, 2019) 
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with the ARC, the idea of affordability is heavily dependent on political choice and fiscal 
budgets. Because the annual GDP of many of these regions is small compared to the premiums, 
the surplus revenue base often isn’t there, and they will have to trade off other areas of 
budgetary planning to afford the premium. Furthermore, countries that have already 
participated have done so with the aid of premium subsidies and concessional financing (see 
Diaz et al., 2019), and interestingly four of the participating countries said they wouldn’t have 
been able to do so without subsidies. 
 
Compared to other countries, the Pacific Islands are more exposed to the effects of climate 
change despite omitting a fraction of global GHG emissions. They argue that they shouldn’t 
have to pay premiums for climate-related risks, suggesting that significant carbon emitters such 
as China and the USA should foot most of the bill (see Diaz, 2019). Moreover, in several 
interviews conducted by Diaz et al. (2019), he found these regions felt the small pay-outs were 
not significant enough when compared to the total damage caused by an event. In 2017 the 
average pay-out of the facility was USD2.2 million (DFID, 2018), and although they receive 
short-term liquidity, countries are questioning whether the products are worth it. Of course, 
the countries could increase the amount paid out by purchasing more cover, but this would 
come at an additional expense. 
 
At present, some countries appear to be less than enthusiastic about joining the pool because 
the products offered don’t always cover the perils that concern them. Low-speed tropical 
cyclones and drought are of pressing concern to some regions, and yet, the PCRIC doesn’t offer 
a product for either. It’s worth remembering they are piloting an excess rainfall product (see 
World Bank, 2018), but a preliminary study from the DFID found the product had an 
unacceptable level of basis risk when it came to the excess rainfall events and model 
refinements were needed (DFID, 2018). 
 
There is another source of funding that regions can obtain, which provides competition for the 
PCRIC. Tuvalu, for example, sources climate funding through the Pacific Islands Climate Change 
Insurance Facility (PICCIF). The concept is in its early days and is yet to be fully developed, but 
the local PIC finance ministers have approved the idea and confirmed its future development 
(PSFS, 2019). The products cater for the more bespoke requirements and a broader range of 
perils, including events that are sudden and have a slow-onset, while also having explicit links to 
climate change. 
 

Reliance on ex-post disaster financing  
Interestingly, some countries prefer not to purchase coverage from the PCRIC because they 
favour the more traditional methods of receiving post-disaster aid from international donors. 
Although Micronesia engages with the PCRAFI, they don’t purchase insurance because it can 
receive emergency relief from the United States through the Compact of Free Association (see 
Diaz et al., 2019). Traditional disaster aid in this form can be very slow, so Micronesia is looking 
to the Asian Development Bank (ADB) for contingent lines of credit to cover their immediate 
liquidity needs post-disaster. It’s also worth noting the agreement with the United States 
expires in 2024. Micronesia isn’t alone in following these methods, and may PICs have similar 
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concessional financing agreements from various sources, including MDBs and the IMF (Tierney, 
2018). 
 

Managing expectations 
Like the CCRIF and the ARC, there have been several countries that have dropped coverage 
because of unmet expectations surrounding pay-outs. The Solomon Islands, for example, non-
renewed their policy after two years because they didn’t receive any pay-outs after two events. 
The first was a magnitude 8.0 earthquake and a resulting tsunami, which impacted the Islands 
of Santa Cruz, where modelled losses fell below the attachment point. Following this, in April 
2014, the region experienced a slow-moving tropical depression, which resulted in USD100 
million in losses (9 percent of GDP) and caused extensive flooding. Because it was a tropical 
depression, it wasn’t an eligible event under their policy, and as a result, they dropped 
coverage the following year. 
 
Furthermore, Vanuatu found themselves in a similar situation in 2017/18 when they dropped 
their coverage after six consecutive years with the pool. Their policy covered both tropical 
cyclones and earthquakes, and it was tropical cyclone Pam in 2015 that led to losses reaching 
USD450 million15 but no pay-outs. The PCRIC did, however, pay-out the small sum of USD1.9 
million to aid in the post-disaster clean-up costs, and although it was well-received, they were 
expecting a far higher amount (see SPC, 2015). Despite this, they kept their cover in place for 
the next three years, but in March 2018, another event, tropical cyclone Hola, struck the region 
and again resulted in no pay-out. The matter was made worse when the cyclone ‘exacerbated 
the Manaro situation when dense ash falls mixed with tropical cyclone rains, resulted in acid 
rain that severely impacted the southern part of the island’ (World Bank 2018). The 
combination of these two events made the resulting damage on communities, the agricultural 
sector, and the local water sources far worse than Vanuatu could manage. Vanuatu dropped 
their cover the following year and is currently looking to secure a USD10 million Catastrophe 
Deferred Drawdown (Cat DDO) from the World Bank (World Bank, 2019). 
 
While events outside of major cities may be less impactful than a direct hit on the built-up 
economic areas, costs may still be high in comparison to their overall GDP. Moreover, PICs span 
over vast ocean areas, and the cost of transporting goods to these remote regions can be 
substantial (see World Bank, 2015), which highlights the need for the link between contingent 
lines of credit and parametric instruments to be better. The ADB is, as a result, developing a 
similar structure to the PICCIF and plans to use it as a cell within the PCRIC (ADB, 2019). 
According to plans, the ADB would release funds to countries, who would then deposit it in a 
segregated cell within the PCRIC. Allowing the PCRIC to extend lines of credit would enable 
them to sell parametric products in a package form, with the two products complementing one 
another and, therefore, become more appealing to purchasers (see Martinez-Diaz, 2019). 
 

                                                 
15 Nearly two-thirds of their GDP 
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Premium financing 
The PCRIC has around four loyal buyers, the Cook and Marshall Islands, Samoa, and Tonga, who 
have measures in place to finance their premiums through the IDA until 2023 (see Diaz et al., 
appendix B). Despite the Cook Islands not being a member of the World Bank, they’ve agreed 
with local state enterprises to share premium costs, who receive a pro-rate share of any 
insurance pay-outs the Islands receive. This is an appealing feature for businesses because they 
often struggle to place their private insurance contracts (see Cook and Bailey, 2015). Despite 
this arrangement, the Cook Islands are still buying far less insurance than they need, with their 
maximum pay-out only totalling USD2.9 million (ABD, 2016). 
 

Use of multiple instruments 
Regions within the pool have a good understanding of their need to deploy various instruments 
alongside parametric measures. For example, Samoa acknowledges the value that the PCRIF 
offers but understands the need for other instruments to compliment the placement (see Diaz 
et al., 2019). Despite not having a dedicated disaster fund, Samoa has contingent lines of credit 
from the ADB and a small part of their budget set aside for unforeseen events (Uusimaa, 2017). 
Like Samoa, the Marshall Islands use multiple disaster instruments as well as its PCRIC policy to 
transfer cyclone risk. The Islands pay between USD230,000 and USD245,000 each year to a 
disaster fund, which is matched by the United States government, and under the Compact of 
Free Association, they can request additional financing for reconstruction and disaster 
response. Furthermore, under Phase II of the Pacific Resilience Program, they can access 
USD500,000 once a disaster has been declared and additional funds from the IDA if needed 
(World Bank, 2017). The islands embraced a multi-disciplined instrument after Cyclone Pat in 
2010 when they struggled to source disaster relief funds (see GoCI, 2018). Furthermore, in 
2011, they created the Disaster Emergency Trust Fund, which held around USD1.1 million to 
help rebuild in the aftermath of disasters, and in 2016 they secured a USD10 million line of 
credit from the ADB. They use these products alongside their PCRIC tropical cyclone insurance 
policy, which allows them to draw on the expertise of the World Bank despite not being a 
World Bank member. 
 

InsuResilience 

In 2015, the UN Climate conference discussed the importance of insurance when addressing 
climate change. Findings from the G7 summit highlighted the pressing concerns around climate 
change, the importance of climate initiatives, and the importance of suitable risk transfer 
solutions. Fast forward to the G20 summit in November 2017, and they launched the 
InsuResilience Global Partnership for Climate and Disaster Risks Finance and Insurance 
Solutions. At the time of writing, there are 61 participating members16 across 21 companies, 9 
NGOs, 13 intergovernmental organizations, and 12 national states involved in the project, to 
name a few. 
 

                                                 
16 Up from 7 in 2015 and 44 in 2017 
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The goal of InsuResilience is to improve the availability of insurance in developing nations and 
to protect people from weather-related events better. They aim to target three main groups, 
firstly those classed as extremely poor who live on less than USD1.90 per day, secondly the 
moderately poor, who live on USD1.90-3.10 per day and thirdly, vulnerable people, who live on 
USD3.10-15.00 per day. Their goal is to issue policies both on an individual micro-basis and at a 
macro sovereign level.  
 
In 2019, InsuResilience Solutions Fund (ISF) supported the structuring of index-based livestock 
and crop insurance products driven by parametric measures in South Africa. It was the first of 
its type for the fund and was issued on behalf of the German Federal Ministry for Economic 
Cooperation and Development (BMZ) and funded by the German-owned development bank 
KfW. For this transaction, the South African Land Bank Insurance Company (LBIC), the Frankfurt 
School of Finance and Management, and climate insurance and parametric weather specialists 
Celsius Pro represented the ISF. Their target was to develop and issue an index-driven 
instrument that would benefit some 240,000 people by 2021 (see Artemis, 2019). South Africa 
currently has a disaster relief program that falls under the Department of Agriculture; however, 
because this comes on an ex-post basis, there have been issues around the speed of claims 
settlement (Bera, 2018). The aim is for the parametric instruments to decrease this time scale 
and provide capital to affected farmers before long-term economic damage is done. The 
Managing Director of the LBIC Adam Maniki Rakgalakane supported this and stated, ‘with the 
support of the InsuResilience Solution Fund, we will develop a drought insurance solution for 
smallholder farmers, which will allow faster pay-outs and relief in case of a drought’ (Artemis, 
2019). 
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California wildfire fund 

Given the magnitude of losses experienced from wildfires in the last couple of years, the state 
of California is stepping up their plans to use (re)insurance and alternative risk transfer to 
protect themselves against climate change. At the time of writing, the state is developing new 
legislation that will allow them to purchase (re)insurance, alternative risk transfer structures, 
and ILS to help fund the economic burden placed on them by natural disasters (Christie, 2019). 
 
Furthermore, the state recently formed an insurance fund solely for wildfires, which is backed 
by (re)insurers and managed by the California Earthquake Authority (CEA). PG&E, Sempra 
Energy, and Edison International, California’s three major utility companies, all signed off on the 
USD21 billion fund. The requirement of this fund became apparent in 2018 when PG&E filed for 
bankruptcy because of crippling liabilities17 resulting from their involvement in the Camp 
wildfire in Northern California. They later committed USD 4.8 billion to the fund along with 
Sampra Energy’s USD450 million and Edison international’s USD2.4 billion. Edison stated they 
would top up the fund with USD95 million every year for the next ten years. Of the 21 billion 
making up the fund, USD10.5 billion came from the three companies and the other USD10.5 
billion from state bonds. These utility companies found themselves under the government’s 
microscope, who were forced to rush through the legislation. Without doing so, Edison and 
Sempra were both projected to receive junk bond ratings, and PG&E faced liquidation.  
This certainly acted as a catalyst for risk transfer improvements in California and the state is 
conscious of the change in climate-related disasters as the impacts of climate change develop 
over time. Ricardo Lara, the Californian Insurance Commissioner, stated their intentions to 
team up with the United Nations and the Environment’s Principles for Sustainable Insurance 
Initiatives to help deliver sustainable climate insurance products moving forward. Lara went on 
to say, ‘we have a historic opportunity to utilize insurance markets to protect Californians from 
the threat of climate change, including rising sea levels, extreme heat, and wildfires. Working 
with the United Nations, we can keep California at the forefront of reducing risks while 
promoting sustainable investments’ (Artemis, 2019). 
 
Given there is ample opportunity for climate-related products in California, the future role of 
the ILS and capital markets look positive, and by taking the financial burden away from 
taxpayers, California is clearly showing its intent to become a significant hub for climate risk 
transfer and (re)insurance. 
 

Capital Market Involvement 

Green bonds  

Since banks began raising funds for projects related to climate change, green bonds, also known 
as climate bonds, have increased in popularity (Markandya, Galarraga and Rübbelke, 2017). The 
first deals came from Latin America and the Caribbean (LAC) in 2014, and since then, the region 
has accounted for around 2 percent of all green bonds, with 41 percent of these coming from 

                                                 
17 Reports suggest liabilities were more than USD30 billion 
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Brazil. At the time of writing, LAC regions contain about 8 percent of the global population, 15 
percent of the earth’s land area, 6 percent of global GDP, and 12 percent of global GHG 
emissions (Ritchie, 2018, and UN, 2019). These regions are one of the most vulnerable when it 
comes to climate-related disasters, and because of its low capacity to mitigate and adapt to 
these events, solutions to aid risk transfer are especially important (TRF, 2018).  
 
This section looks at how green bonds are being used in LAC regions and how they can be used 
further in the future. It will also look at issuance from both the corporate and sovereign sectors. 
 

Market overview 

So far, 2019 has been a strong year of growth for green bond issuance, mainly driven by two 
sovereign bonds issued by Chile. Despite the increase, a large section of the LAC market 
remains untapped, with only nine of 33 countries dealing in green bonds. Issuance in the first 
half of 2019 grew three-fold when compared to the first half of 2018 and was 40 percent higher 
than in 2017, with a total issuance of USD3.7 billion. The type of issuer varies depending on the 
issuing country with deals in Chile, mainly by sovereigns, non-financial corporations in Brazil, 
development banks in Mexico, and local governments in Argentina. Multi-country involvement 
brings welcomed diversification to the market, and Colombia and Peru have shown intentions 
for sovereign issuance in the future. Industries and governments in LAC regions have increased 
their participation in green infrastructure and climate change management in the last couple of 
years. Under the Paris Agreement, Nationally Determined Contributions (NDCs) target a 25-30 
percent reduction in GHG by 2025-2030 versus LAC baselines. Among these, Brazil has targeted 
a 37 percent reduction and a 43 percent reduction by 2025 and 2030, respectively. With these 
ambitious targets, and for the green sector to grow, further investment is needed, and 
governments need to do more to incentivize or disincentivize businesses through new 
legislation and policy frameworks to ensure climate change management is effective moving 
forward (IPCC, 2019). 
 

Government support 

Despite being an important area, not many public sectors in LAC regions are targeting 
sustainable development. Even developed countries like Brazil can’t make changes on the level 
required to have meaningful long-term effects on their GHG emissions. They also don’t provide 
enough long-term incentives to entice businesses and citizens to reduce their GHG emissions. 
Additionally, the political environment in Brazil means agricultural sustainability is at risk of 
regression, with deforestation of the Amazon rainforest hitting record levels in 2019, as 
illustrated by the graph below (see Watts, 2019). Furthermore, the Brazilian politician 
Bolsonaro has downgraded environmental protection efforts and made clear his support for 
farmers, miners and, ranchers over forest dwellers and indigenous communities (Watts, 2019). 
 
Nevertheless, Costa Rica has introduced a National Financing Programme for Adaptation for the 
agricultural sector (Elpais, 2019), which involves supporting 12 key activities and provides short-
medium, and long-term financing to smallholder farmers. Upon completion of the project, 
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farmers receive up to 40 percent off their insurance policies. When it comes to private funding, 
institutions in developing countries, and LAC especially, loan a disproportionate amount to the 
agricultural sector when compared to the sectors’ GDP share (World Bank, 2018), which is 
mainly down to the inadequate subsidies offered by the banks and the high costs associated 
with reaching rural populations. Costa Rica’s efforts do, however, highlight the type of material 
incentives that encourage stakeholders to conduct their business in a greener manner. 
 

 

 
 

 

 
 
 
 
 
 
 

 

 

 

 

Financial sector support 

In the last few years, the commercial sectors have started including green finance as part of 
their initiatives, with both the Colombian and Mexican economic sectors joining the global 
Network for Greening the Financial System (see Banque de France, 2019). The Climate Finance 
Advisory Board (CCFC) of Mexico, which was created by the Bolsa Mexicana de Valores (BMV) 
also recently joined the Financial Centres for Sustainability (FC4S) network and underlined their 
plans for Mexico to become regional leaders in the green market (see UN, 2019). 
 
Furthermore, several of their stock exchanges have joined the UN’s Sustainable Stock Exchange 
(SSE) initiative and now offer designated green markets. The advantages of using these 
exchanges include having separate listings for green bonds, receiving training and guidelines, 
and reduced fees (as seen in Costa Rica see Bolsacr, 2019). In terms of the deal book runners, 
these are dominated by large global banks, as illustrated below. Although the level of 
involvement up to this point has been small compared to the global bond market, it highlights 
the financial sector’s willingness to become involved in these transactions. 

Figure 18 
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Private placements 

LAC appears to attract more private investments than anywhere else in the world, and accounts 
for around 27 percent of the bond count and 20 percent of issuance. The percentage of private 
placements is higher in Colombia than anywhere else, at 86 percent, with Mexico, Argentina, 
and Brazil following. The reason private investments are popular in LAC is because of the 
Multilateral Development Banks (MDBs) involvement, the two leading banks being the Inter-
American Development Bank and the International Finance Corporation (IFC). Issuers gain an 
advantage from MDB involvement because they often take an initial 100 percent investment 
before reducing their stake, which helps to attract a more extensive investor base once sold. 
For example, the IFC took a 100 percent stake in Bancolombia’s COP350 billion bond, 
Davivienda’s USD100 million bond, and Banco Galicia’s USD100m bond. The IDB also subscribed 
fully to the Bank of Investment and Foreign Trade’s USD30 million sustainability bond in 2018, 
the first of its type (see IFC, 2019). 
 

Historic issuance of green bonds 

The first green bond was issued in 2014 by Energia Eolica of Peru, and the proceeds of the 
USD204 million bond went towards the building of two new wind farms in the north-western 
region of Peru (see Lowitzsch, 2019). A year later, Brazil and Mexico entered the market, and 
the former issued the first corporate-backed green bond through the BRF S.A (a global food 
producer), with the latter through the development bank of Nafin. Both products were EUR500 
million and financed various renewable energy projects. Bond issuance picked up a year later, 
with five countries issuing eight bonds in total (see table 1). 2016 also saw Costa Rica, 
Colombia, and Brazil enter the market through the Banco Nacional de Costa Rica, Bancolombia, 
and the Suzano Papel e Celulose, respectively. In 2017, the green bond market grew 133 
percent, mainly driven by Brazil’s issuance, which was 69 percent of the total. The graph below 
illustrates market growth in 2019. 
 
 

Rank Bookrunner Number of Deals Amount (USD) USD % of Total

1 JP Morgan 9 1.7bn 29%

2 Bank of America ML 9 1.5bn 26%

3 Santander CIB 13 1.0bn 17%

4 Citi 5 853m 15%

5 Crédit Agricole CIB 3 825m 14%

39 5.9bn 100%

Table 7 
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Although the year-on-year growth in 2019 is a step in the right direction, it’s worth noting that 
2018 saw a global slow-down of both green and vanilla bonds. Contributing factors included the 
economic crisis in Argentina, uncertainty around the political landscape in Mexico, and Brazil, 
and the fragility of the Venezuelan economy. Volumes were down 56 percent versus 2017, and 
12 deals were done compared to 16 the year prior. Nevertheless, country diversification was 
the highest it had ever been, with Uruguay making its debut among six other countries. 
 
Two-thirds of the growth seen in 2019 was down to Chile’s USD1.4 billion Certified Climate 
Bonds, which were issued in June and are the only sovereign issued green bonds to date. The 
green bond market is expected to grow further throughout the rest of 2019 and has already 
surpassed the record year of 2017. Furthermore, 2019 hosts the United Nations Framework 
Convention on Climate Change (COP25) in Chile, which may encourage other sovereigns to 
follow in their footsteps. 
 
As illustrated below, regional issuance is dominated by Brazil, which has a 41 percent share of 
all green bonds in dollar terms, while Chile and Mexico follow at 25 percent and 14 percent, 
respectively. The remaining five countries represent 5 percent or less of dollar issuance. In 
terms of issuers per country, Brazil, Mexico, and Chile remain the top three countries by some 
margin. 
 
Earlier, we touched on how LAC countries differ in terms of their issuer type, whether they be 
corporate, sovereign, or MDBs. As can be seen below, over 80 percent of issuance is made up of 
non-financial corporates, development banks, and sovereigns. The profile of issuers varies 
significantly depending on the country of issuance; for example, Mexico is the most diverse, 
with non-financial corporates, development banks, and loans making up the majority. In 
contrast, Brazil is dominated by non-financial corporates and Chile by sovereign issuance. Brazil 

Figure 19 – Green bond issuance by country 
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has no corporate financial issuers, whereas two local governments in Argentina, Province of 
Jujuy and the Province of La Rioja, have issued green bonds and another by the financial sector 
through Banco de Galicia.  
 
Excluding supranational development banks, four out of the eight countries have issued their 
green bonds through development banks, these being BNDES of Brazil, Nafina, and FIRA of 
Mexico, Bancóldex of Colombia and Cofide of Peru. Finally, government entities have only 
issued two green bonds, these being the Banco Nacional de Costa Rica and ISA CTEEP of Brazil. 
Additionally, LAC regions have issued other climate-related products, including Brazil’s asset-
backed security (ABS) from Suzano and two green loans issued to Mexico and Chile through 
Iberdrola and Agrosuper. 
 
 

 
 
 
As illustrated below, the energy sector houses most of the proceeds of green bonds, with 
around 50 percent targeting renewable energy projects such as solar and wind. This figure is 
broadly in line with the global green bond market, where 35 percent of proceeds are used to 
fund the energy sector. Despite this similarity, the other areas do not follow similar trends in 
LAC countries compared to the rest of the world. Two industries that are significantly under-
funded globally are the land use and industry sectors, but LAC regions allocate around 25 
percent of proceeds to these, mostly to the forestry industry in Brazil. In contrast, water and 
buildings are among the least funded by LAC regions, at 4 percent each. 
 
The use of proceeds is dominated by the energy sector in almost all countries, except for Chile, 
who use a different allocation because of sovereign involvement. Their focus is on transport 
links and land use, with the energy sector receiving just 0.1 percent of the issuance. 
 
 

 

 

Country Issued (USD) Issued % of Whole Number of Bonds Issuers

Brazil 5.1bn 41% 19 13

Chile 3.1bn 25% 6 4

Mexico 1.8bn 14% 8 6

Peru 664m 5% 4 4

Argentina 610m 5% 4 3

Costa Rica 500m 4% 1 1

Colombia 459m 4% 5 4

Uruguay 108m 1% 1 1

Supranational 206m 2% 4 2

Total 12.6bn 100% 52 38

Table 8 
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Figure 20 

Figure 21 
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Brazil 
One of Brazil’s largest paper producers, Klabin, issued two green bonds in 2017 and 2019, 
which both totalled USD500 million and had a coupon rate of 5.75 percent for Senior Notes due 
2029 and 5.25 percent for those due in 2024. Proceeds are used across a variety of projects, 
including a new 21-kilometer rail branch and the purchase of new railroad cars. Projected net 
results suggest a reduction in CO2 levels to 50 t CO2e per transported tone. According to the 
Green Bond Report 2018, Brazil’s increased R&D spend, and the new technology centre will 
lead to a mean productivity increment of 40-60 m3/ha/year. 
 
Further details of the case study can be found on Klabin’s website (Klabin, 2019) and the World 
Bank’s Green Bond Impact Report 2018 (see World Bank, 2018). 
 

Chile 
Chile issued LACs first Certified Climate Bonds in 2019, with proceeds being used to help 
finance projects to help them achieve their NDC targets. Moreover, these deals enhance the 
transparency of public expenditure management and deployment. The bonds proved extremely 
popular among investors and were oversubscribed, allowing Chile to diversify its investor base. 
Overall, around 50 percent of participants were socially responsible investors, 35 percent for 
the USD bond, and 76 percent for the EUR deal. Most of the capital will go towards public 
transport, and to a lesser extent, energy and water projects, where impacts are measured in 
terms of emissions avoided (tones of CO2/particulate matter). The electromobility project sees 
600 new electric buses, and its overall goal is to achieve a 100 percent share of urban electric 
transport and a 40 percent share of private electric vehicles by 2040 
 
For more information on Chile’s sovereign bond issuance, see the LMA 2018 report (LMA, 
2018). 
 

Figure 22 

Graphs from ClimateBonds, 2019 
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The future of green bonds 

Given everything we have discussed so far, green bonds could be an effective method to 
finance sustainable business methods. Financial institutions could fund smaller projects through 
green bonds and perhaps offer industry-wide incentives to participate in the deals, with large 
agricultural companies issuing green bonds themselves to help fund ‘going green’. On a larger 
scale, impact funds such as the EcoBusinss, Andgreen, and Alehelia Climate fund could be major 
issuers of green bonds. The issuance of sovereign bonds with agricultural components through 
development banks, government-backed vehicles, or at a sub-sovereign level could form 
pooled public sector funding. It could aid the aggregation of funding required in LAC regions, 
where there are an estimated 15 million family farms (Peter, Hazel, and Rahman, 2014). 
 
Despite the sector contributing heavily to global GHG emissions, the agricultural industry is one 
of the most underfunded green bond sectors in the world. Even if we include forestry, the 
green bond market still only represents around 1 percent of global green bonds, and even then, 
most of this figure is made up of forestry. Land use, on the other hand, accounts for around 21 
percent of sovereign issuances, suggesting projects like afforestation and environmental 
conservations should be done directly by the government. Furthermore, it appears the private 
sector is better placed to handle the challenges in the agricultural industry, albeit these projects 
could still be assisted through government grants and subsidies, for example. Land use projects 
in LAC regions have a much more significant share of the green bond allocation when compared 
to the rest of the world, but the agricultural sector is still a small portion of this. Only 10 
percent (2 percent of total issuance) of land use is associated with agriculture (2018). 
Furthermore, only two green products that solely finance agricultural projects have been 
issued, the FIRA (Mexico, senior unsecured green bond MXN2.5 billion/USD130 million) and 
Agrosuper (USD100m green loan to Chile). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23 
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It’s clear to see the value green bonds offer when it comes to aiding a sustainable environment. 
However, further promotion is required if they are to be considered a mainstream product. 
Governments need to develop clear strategies for the green sector, both for their interests and 
to meet Nationally Determined Contribution (NDC) goals. 
 
More needs to be done to entice stakeholders to change their habits and to adopt greener 
strategies. These could be through stronger incentives or disincentives for unsustainable 
methods. Following in the footsteps of Mexico’s MasAgro or Costa Rica’s NFP would 
undoubtedly be advisable, which helps to eliminate barriers to sustainable production. 
 
There’s no doubt that more green bonds would be advantageous, and large bond issuers could 
receive incentives for doing so, while smaller issuers could receive improved rates for funding 
green projects, which would help industries become greener, but also help to scale up the 
green bond market. Sovereign issued green bonds could be especially useful, as deals would be 
done on a much larger scale and, therefore, with enough capital to make a real difference. 
Along with financing agricultural producers directly, sovereigns could establish new initiatives 
to help educate local people about sustainable methods to teach them how to become more 
self-serving over the long-term.  
 
The green bond market is still in its infancy, with deal sizes still being very small when 
compared to the overall bond market. However, given the advantages these products can bring 
to regions, they offer a viable solution to apparent problems. With the effects of climate change 
becoming increasingly evident, discussed sectors are going to face severe challenges in the 
coming years. However, if the financial markets continue to create innovative, bespoke 
products that help people to fund green projects then it would be a step in the right direction 
to reduce GHG emission levels. 

Conclusion 
The direction climate change is taking is clear to see, and even if radical measures are taken 
over the next few years to eradicate our dependence on fossil fuels, the effects of carbon 
emissions will be felt for centuries. Because of this, (re)insurers cannot underestimate the 
impact climate change will have on their top and bottom lines. The implications will be felt 
across all industries, whether it be from direct damage to their property, balance sheet, or high- 
level executives themselves. With a wave of new climate-related litigation coming to light, the 
tide appears to be turning, and no longer can institutions and governments overlook their 
contributions. The lazy argument of those who refute climate change is that the earth is 
warming because as populations grow, so does the demand for fossil fuels. Be it partially true, 
controlling population growth is far more difficult than human consumption. 
 
The naming and shaming of those we deem to be responsible for accelerating the effects of 
climate change is the easy part. However, would it be fair to turn a blind eye to our 
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contributions and point the finger at those who supplied the services that we demand? 
Considering this, is it fair to say the sale of fossil fuels up to this point have been unreasonable? 
 
Nevertheless, the consensus is growing that the transition from the current climate to a low 
carbon economy must be accelerated if the effects of global warming are to be avoided, which 
will undoubtedly create several economic risks. However, the opportunities to develop bespoke 
climate-related insurance products, for example, will be rife, and it raises the question as to 
whether the insurance industry should double down on climate change and create specific 
products to cater to people’s needs. AXA XL, for example, is developing its ocean index to 
monitor sea level rises, which may provide an opportunity for ocean indices to act as a proxy 
for losses. These instruments would be ideal for regions such as the Pacific Islands, which could 
be underwater by the end of the century. By utilizing indices, the most exposed areas could 
move with climate change rather than constantly playing catch up. 
 
As with any risk, management and mitigation are crucial, and the importance of education 
should not be overlooked. Developing nations, especially, are among the most exposed to 
climate change, but a poor understanding of risk transfer in their local markets often means 
that without help, they will be unable to protect themselves from catastrophic events. Creating 
more straightforward, transparent products like the ones we have discussed throughout this 
paper can aid this process, especially when it comes to sovereign risk pooling and parametric 
instruments. 
 
Moreover, as judicial and social attitudes harden, businesses who don’t face climate change 
head-on are going to come under the microscope. But one might question whether, without 
active political involvement, they will have the incentive to change their proven practices. The 
goal of businesses is to make profits for their shareholders and morals aside, why would they 
change if they don’t have to? Donald Trump is withdrawing the United States from the Paris 
Agreement next year, which only serves as support for the fossil fuel industry. One can’t help 
but think the precedent this sets far outweighs any courtroom decision we have seen to date. 
 
However, if those at the helm of boardrooms ensure their business is conducted in a climate-
conscious way, sovereigns and governments put policies in place to incentivized them to do so, 
and (re)insurers continue to create innovative climate risk products, then the worst effects of 
climate change can be avoided. 
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Additional information  
 

The Paris Agreement 
The following summary has been taken from the United Nations Climate Change website (see 
UNFCC, 2019 for more details) 
 
At COP 21 in Paris, on 12 December 2015, Parties to the UNFCCC reached a landmark 
agreement to combat climate change and to accelerate and intensify the actions and 
investments needed for a sustainable low carbon future. The Paris Agreement builds upon the 
Convention and – for the first time – brings all nations into a common cause to undertake 
ambitious efforts to combat climate change and adapt to its effects, with enhanced support to 
assist developing countries to do so. As such, it charts a new course in the global climate effort. 
 
The Paris Agreement’s central aim is to strengthen the global response to the threat of climate 
change by keeping a global temperature rise this century well below 2 degrees Celsius above 
pre-industrial levels and to pursue efforts to limit the temperature increase even further to 1.5 
degrees Celsius. Additionally, the agreement aims to increase the ability of countries to deal 
with the impacts of climate change, and at making finance flows consistent with a low GHG 
emissions and climate-resilient pathway. To reach these ambitious goals, appropriate 
mobilization and provision of financial resources, a new technology framework and enhanced 
capacity-building is to be put in place, thus supporting action by developing countries and the 
most vulnerable countries, in line with their own national objectives. The Agreement also 
provides for an enhanced transparency framework for action and support. 
 
The Paris Agreement requires all Parties to put forward their best efforts through “nationally 
determined contributions” (NDCs) and to strengthen these efforts in the years ahead. This 
includes requirements that all Parties report regularly on their emissions and on their 
implementation efforts. There will also be a global stocktake every 5 years to assess the 
collective progress towards achieving the purpose of the agreement and to inform further 
individual actions by Parties. 
 
The Paris Agreement opened for signature on 22 April 2016 – Earth Day – at UN Headquarters 
in New York. It entered into force on 4 November 2016, 30 days after the so-called “double 
threshold” (ratification by 55 countries that account for at least 55% of global emissions) had 
been met. Since then, more countries have ratified and continue to ratify the Agreement, 
reaching a total of 125 Parties in early 2017.  
 
In order to make the Paris Agreement fully operational, a work programme was launched in 
Paris to develop modalities, procedures and guidelines on a broad array of issues. Since 2016, 
Parties work together in the subsidiary bodies (APA, SBSTA and SBI) and various constituted 
bodies. The Conference of the Parties serving as the meeting of the Parties to the Paris 
Agreement (CMA) met for the first time in conjunction with COP 22 in Marrakesh (in November 
2016) and adopted its first two decisions. The work programme is expected to be completed by 
2018. 
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The Paris Agreement, adopted through Decision 1/CP.21, addresses crucial areas necessary to 
combat climate change. Some of the key aspects of the Agreement are set out below: 
 

• Long-term temperature goal (Art. 2) – The Paris Agreement, in seeking to strengthen the global 

response to climate change, reaffirms the goal of limiting global temperature increase to well 

below 2 degrees Celsius, while pursuing efforts to limit the increase to 1.5 degrees. 

• Global peaking and 'climate neutrality' (Art. 4) –To achieve this temperature goal, Parties aim to 

reach global peaking of greenhouse gas emissions (GHGs) as soon as possible, recognizing 

peaking will take longer for developing country Parties, so as to achieve a balance between 

anthropogenic emissions by sources and removals by sinks of GHGs in the second half of the 

century. 

• Mitigation (Art. 4) – The Paris Agreement establishes binding commitments by all Parties to 

prepare, communicate and maintain a nationally determined contribution (NDC) and to pursue 

domestic measures to achieve them. It also prescribes that Parties shall communicate their 

NDCs every 5 years and provide information necessary for clarity and transparency. To set a firm 

foundation for higher ambition, each successive NDC will represent a progression beyond the 

previous one and reflect the highest possible ambition. Developed countries should continue to 

take the lead by undertaking absolute economy-wide reduction targets, while developing 

countries should continue enhancing their mitigation efforts, and are encouraged to move 

toward economy-wide targets over time in the light of different national circumstances. 

• Sinks and reservoirs (Art.5) –The Paris Agreement also encourages Parties to conserve and 

enhance, as appropriate, sinks and reservoirs of GHGs as referred to in Article 4, paragraph 1(d) 

of the Convention, including forests. 

• Voluntary cooperation/Market- and non-market-based approaches (Art. 6) – The Paris 

Agreement recognizes the possibility of voluntary cooperation among Parties to allow for higher 

ambition and sets out principles – including environmental integrity, transparency and robust 

accounting – for any cooperation that involves internationally transferal of mitigation outcomes. 

It establishes a mechanism to contribute to the mitigation of GHG emissions and support 

sustainable development, and defines a framework for non-market approaches to sustainable 

development. 

• Adaptation (Art. 7) – The Paris Agreement establishes a global goal on adaptation – of enhancing 

adaptive capacity, strengthening resilience and reducing vulnerability to climate change in the 

context of the temperature goal of the Agreement. It aims to significantly strengthen national 

adaptation efforts, including through support and international cooperation. It recognizes that 

adaptation is a global challenge faced by all. All Parties should engage in adaptation, including 

by formulating and implementing National Adaptation Plans, and should submit and periodically 

update an adaptation communication describing their priorities, needs, plans and actions. The 

adaptation efforts of developing countries should be recognized 

• Loss and damage (Art. 8) – The Paris Agreement recognizes the importance of averting, 

minimizing and addressing loss and damage associated with the adverse effects of climate 

change, including extreme weather events and slow onset events, and the role of sustainable 
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development in reducing the risk of loss and damage. Parties are to enhance understanding, 

action and support, including through the Warsaw International Mechanism, on a cooperative 

and facilitative basis with respect to loss and damage associated with the adverse effects of 

climate change. 

• Finance, technology and capacity-building support (Art. 9, 10 and 11) – The Paris Agreement 

reaffirms the obligations of developed countries to support the efforts of developing country 

Parties to build clean, climate-resilient futures, while for the first time encouraging voluntary 

contributions by other Parties. Provision of resources should also aim to achieve a balance 

between adaptation and mitigation. In addition to reporting on finance already provided, 

developed country Parties commit to submit indicative information on future support every two 

years, including projected levels of public finance. The agreement also provides that the 

Financial Mechanism of the Convention, including the Green Climate Fund (GCF), shall serve the 

Agreement. International cooperation on climate-safe technology development and transfer 

and building capacity in the developing world are also strengthened: a technology framework is 

established under the Agreement and capacity-building activities will be strengthened through, 

inter alia, enhanced support for capacity building actions in developing country Parties and 

appropriate institutional arrangements. Climate change education, training as well as public 

awareness, participation and access to information (Art 12) is also to be enhanced under the 

Agreement. 

• Climate change education, training, public awareness, public participation and public access to 

information (Art 12) is also to be enhanced under the Agreement. 

• Transparency (Art. 13), implementation and compliance (Art. 15) – The Paris Agreement relies 

on a robust transparency and accounting system to provide clarity on action and support by 

Parties, with flexibility for their differing capabilities of Parties. In addition to reporting 

information on mitigation, adaptation and support, the Agreement requires that the 

information submitted by each Party undergoes international technical expert review. The 

Agreement also includes a mechanism that will facilitate implementation and promote 

compliance in a non-adversarial and non-punitive manner, and will report annually to the CMA. 

• Global Stocktake (Art. 14) – A “global stocktake”, to take place in 2023 and every 5 years 

thereafter, will assess collective progress toward achieving the purpose of the Agreement in a 

comprehensive and facilitative manner. It will be based on the best available science and its 

long-term global goal. Its outcome will inform Parties in updating and enhancing their actions 

and support and enhancing international cooperation on climate action. 

• Decision 1/CP.21 also sets out a number of measures to enhance action prior to 2020, including 

strengthening the technical examination process, enhancement of provision of urgent finance, 

technology and support and measures to strengthen high-level engagement. For 2018 a 

facilitative dialogue is envisaged to take stock of collective progress towards the long-term 

emission reduction goal of Art 4. The decision also welcomes the efforts of all non-Party 

stakeholders to address and respond to climate change, including those of civil society, the 

private sector, financial institutions, cities and other subnational authorities. These stakeholders 

are invited to scale up their efforts and showcase them via the Non-State Actor Zone for Climate 
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Action platform (http://climateaction.unfccc.int). Parties also recognized the need to strengthen 

the knowledge, technologies, practices and efforts of local communities and indigenous 

peoples, as well as the important role of providing incentives through tools such as domestic 

policies and carbon pricing. 

 

The information below has been taken from EPA, 2019 
 
Carbon dioxide (CO2): Carbon dioxide enters the atmosphere through burning fossil fuels (coal, 
natural gas, and oil), solid waste, trees and other biological materials, and also as a result of 
certain chemical reactions (e.g., manufacture of cement). Carbon dioxide is removed from the 
atmosphere (or "sequestered") when it is absorbed by plants as part of the biological carbon 
cycle. 
 
Methane (CH4): Methane is emitted during the production and transport of coal, natural gas, 
and oil. Methane emissions also result from livestock and other agricultural practices and by 
the decay of organic waste in municipal solid waste landfills. 
 
Nitrous oxide (N2O): Nitrous oxide is emitted during agricultural and industrial activities, 
combustion of fossil fuels and solid waste, as well as during treatment of wastewater. 
 
Fluorinated gases: Hydrofluorocarbons, perfluorocarbons, sulphur hexafluoride, and nitrogen 
trifluoride are synthetic, powerful greenhouse gases that are emitted from a variety of 
industrial processes. Fluorinated gases are sometimes used as substitutes for stratospheric 
ozone-depleting substances (e.g., chlorofluorocarbons, hydrochlorofluorocarbons, and halons). 
These gases are typically emitted in smaller quantities, but because they are potent greenhouse 
gases, they are sometimes referred to as High Global Warming Potential gases ("High GWP 
gases").



 

70 
 

Figures 

(NOAA, 2019) 
 
Figure 24 

 
  

Figure 25 
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Observed Increase in Frost-Free Season Length 
 
(NCA, 2019) 
 

Figure 26 
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(Cho, 2016) 

Figure 29 
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Figure 30 
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(National Interagency Fire Centre, 2019) 

Figure 31 
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(NIFC, 2018) 
 

Figure 32 
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Climate change vulnerability index (Maplecroft, 2019)  

Figure 33 
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Deforestation (Maplecroft, 2019) 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

Figure 34 
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Sovereign debt rating 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Americas S&P Moody's Fitch Asia S&P Moody's Fitch Africa S&P Moody's Fitch G20 S&P Moody's Fitch

Argentina CCC-  Caa2 CC Armenia NA Ba3 BB- Angola B-  B3 B  Argentina CCC-  Caa2 CC

Aruba BBB+ NA BBB-  Azerbaijan BB+ Ba2 BB+ Benin B+ B2  B  Australia AAA Aaa AAA

Bahamas BB+ Baa3 NA Bahrain B+ B2 BB- Botswana A- A2 NA Austria AA+ Aa1 AA+ 

Barbados SD Caa1 NA Bangladesh BB- Ba3 BB- Burkina Faso B NA NA Belgium AA Aa3 AA-

Belize B- B3 NA Cambodia N/A B2 NA Cameroon B  B2 B Brazil BB- Ba2 BB-

Bermuda A+  A2 N/A China A+ A1 A+ Cape Verde B NA B Canada AAA Aaa AAA

Bolivia BB- Ba3 B+  Georgia BB Ba2 BB Congo CCC+  Caa1 NA China A+ A1 A+

Brazil BB- Ba2 BB- Hong Kong AA+ Aa2  AA  Egypt B B2 B+ European Union AA Aaa AAA

Canada AAA Aaa AAA India BBB- Baa2  BBB- Ethiopia B B1  B  France AA Aa2  AA

Cayman Islands NA Aa3 NA Indonesia BBB Baa2 BBB Gabon N/A Caa1  B Germany AAA Aaa AAA

Chile A+ A1 A Iraq B- Caa1 B- Ghana B B3 B India BBB- Baa2  BBB-

Colombia BBB- Baa2 BBB  Israel AA- A1  A+ Ivory Coast NA Ba3 B+  Indonesia BBB Baa2 BBB

Costa Rica B+  B1  B+  Japan A+  A1 A Kenya B+ B2 B+ Italy BBB  Baa3 BBB 

Cuba NA Caa2 NA Jordan B+ B1 BB- Lesotho NA NA B Japan A+  A1 A

Dominican Republic BB- Ba3 BB- Kazakhstan BBB- Baa3  BBB Mali NA B3 NA Mexico BBB+  A3  BBB

Ecuador B- B3  B- Kuwait AA Aa2 AA Mauritius NA Baa1 NA Netherlands AAA Aaa AAA

El Salvador B- B3 B- Kyrgyzstan NR B2 NA Morocco BBB- Ba1 BBB- Poland A- A2 A-

Grenada SD  NA NA Lebanon CCC  Caa2 CCC  Mozambique CCC+ Caa2 CCC Russia BBB- Baa3 BBB

Guatemala BB- Ba1 BB  Macau NA Aa3 AA Namibia NA Ba1  BB Saudi Arabia A- A1 A

Honduras BB- B1 NA Malaysia A- A3 A- Niger NA B3 NA South Korea AA Aa2 AA-

Jamaica B+ B3  B+ Maldives NA B2  B+ Nigeria B B2 B+ Spain A Baa1 A-

Mexico BBB+  A3  BBB Mongolia B B3 B
Republic of 

the Congo
B- Caa2 CCC

Sweden AAA Aaa AAA

Montserrat BBB- NA NA Oman BB  Ba1  BB+ Rwanda B+ B2 B+ Switzerland AAA Aaa AAA

Nicaragua B- B2  B- Pakistan B- B3  B- Senegal B+  Ba3 NA Taiwan AA- Aa3 AA-

Panama BBB+ Baa1 BBB Philippines BBB+ Baa2 BBB Seychelles NA NA BB Thailand BBB+ Baa1  BBB+ 

Paraguay BB Ba1 BB+ Qatar AA- Aa3 AA- South Africa BB  Baa3  BB+  Turkey B+ B1  BB-

Peru BBB+ A3 BBB+ Saudi Arabia A- A1 A Swaziland NA B2  NA United Kingdom AA  Aa2  AA 

Puerto Rico D  NA NA Singapore AAA Aaa AAA Tanzania NA B1  NA United States AA+ Aaa AAA

St Vincent and the 

Grenadines
NA B3 NA South Korea AA Aa2 AA-

Togo
B B3 NA

Venezuela SD WR RD

Suriname B B2 B-  Sri Lanka B B2 B Tunisia N/A B2  B+ 

Trinidad and Tobago BBB Ba1 NA Taiwan AA- Aa3 AA- Uganda B B2 B+

United States AA+ Aaa AAA Tajikistan B- B3  NA Zambia CCC+ Caa2  CCC 

Uruguay BBB Baa2 BBB-  Thailand BBB+ Baa1  BBB+ 

Venezuela SD WR RD
United Arab 

Emirates
AA Aa2 AA

Uzbekistan BB- B1 BB-

Vietnam BB Ba3 BB 

Figure 35 
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CCRIF pay-outs June 2007 – October 2019 (CCRIF, 2019)  
 

Event Country Affected Payouts (US$)

Dominica 528,021

Saint Lucia 418,976

Tropical Cyclone Ike, September 2008 Turks and Caicos Islands 6,303,913

Earthquake, 12 January 2010 Haiti 7,753,579

Tropical Cyclone Earl, August 2010 Anguilla 4,282,733

Barbados 8,560,247

Saint Lucia 3,241,613

St Vincent & the Grenadines 1,090,388

Tropical Cyclone Gonzalo, October 2014 Anguilla - Excess Rainfall Policy 493,465

Anguilla 559,249

St. Kitts & Nevis 1,055,408

Trough System, 21 November 2014 Barbados 1,284,882

Tropical Storm Erika, 27 August 2015 Dominica - Excess Rainfall policy 2,402,153

Earthquake, June 9, 2016 Nicaragua 500,000

Tropical Cyclone Earl, August 2016 Belize - Excess Rainfall policy 261,073

Barbados 975,000

Barbadoss - Excess Rainfall policy 753,277

Saint Lucia - Excess Rainfall policy 3,781,788

St. Vincent & the Grenadines - Excess Rainfall policy 285,349

Haiti 20,388,067

Haiti - Excess Rainfall policy 3,020,767

Tropical Cyclone Otto, November 2016 Nicaragua 1,110,193

St. Kitts and Nevis 2,294,603

Anguilla 6,529,100

Anguilla - Excess Rainfall policy 158,823

Antigua & Barbuda 6,794,875

Turks & Caicos Islands 13,631,865

Turks & Caicos Islands - Excess Rainfall policy 1,232,769

The Bahamas - Excess Rainfall policy 163,598

Dominica 19,294,800

Dominica - Excess Rainfall policy 1,054,022

Saint Lucia - Excess Rainfall policy 671,013

Turks & Caicos islands 419,372

Barbados - Excess Rainfall policy 1,917,506

St. Vincent & the Grenadines - Excess Rainfall policy 247,257

Rainfall event, October 18-20 2017 Trinidad & Tobago - Excess Rainfall 7,007,886

Tropical Storm Kirk, October 2018 Barbados - Excess Rainfall 5,813,299

Rainfall event, October 18-20 2018 Trinidad & Tobago - Excess Rainfall 2,534,550

Bahamas - Tropical Cyclone 11,527,151

Bahamas - Excess Rainfall 1,297,002

Tropical Cyclone Karen, October 2019 Trinidad & Tobago - Excess Rainfall 362,982

Total for the period June 2007 - October 2019 152,002,614

Total for Tropical Cyclone 106,443,920

Total for Earthquake 9,200,576

Total for Excess Rainfall 36,358,118

Total for TC/EQ ADC 1,051,394

Tropical Cyclone Maria, September 2017

Tropical Cyclone Dorian, September 2019

Earthquake, 29 November 2007

Tropical Cyclone Tomas, October 2010

Trough System, 7-8 November 2014

Tropical Cyclone Matthew, September 2016

Tropical Cyclone Matthew, October 2016

Tropical Cyclone Irma, September 2017

Table 9 
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CCRIF pay-outs under the Aggregate Deductible Cover (ADC) (CCRIF, 2019)  

Event Country Payments (US$)

Haiti 162,000

Bahamas 234,000

Saint Lucia 123,750

Anguilla 29,250

Antigua & Barbuda 32,400

St. Kitts & Nevis 27,150

Earthquake, October 7, 2018 Haiti 91,438

Barbados 123,500

British Virgin Islands 47,500

St. Kitts and Nevis 32,168

Saint Lucia 130,625

St. Vincent and Grenadines 17,613

Total ADC 1,051,394

TC ADC 959,956

EQ ADC 91,438

Tropical Cyclone Irma, September 2017

Tropical Cyclone Maria, September 2017

Tropical Cyclone Dorian, August 2019

Table 10 
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