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Relative importance of expected loss drivers 
– Guyana test case

Assets
2008

Today's risk (31%)

Assets
2030

Today’s
climate

High climate 
change scenario

Assets

Climate

100% = $200m
expected loss

Future risk driven by 
asset growth only (34%)

Future risk driven 
by asset growth and 
climate change (18%)

Future risk driven 
by climate change 
only (17%)

13

and the additional future risk posed by climate change. The risk posed today is  
often significant and this pre-existing adaptation deficit – that exists either by choice 
or implicit practice – needs to be addressed.  Note that, in our test cases – with the 
exception of Hull in the UK and South Florida in the United States – we evaluated the 
total climate risk from a single category of climate hazard. Nonetheless, the damage from 
a single category of climate hazard, such as hurricanes, may depend on several physical 
processes, including storm surges (exacerbated by sea level rise) and winds (exacerbated 
by changes in global circulation). The methodology described in this report could easily 
be applied to multiple categories of climate risks, such as flooding and climate zone shifts.

For an illustration of the “total climate risk” approach in action, consider the case of 
Guyana, and the risk posed by freshwater flooding to the economy of Georgetown, its 
largest city. Georgetown is already exposed to major flood risk from severe rain, and 
much of the city is inundated during the rainy seasons, causing considerable economic 
disruption. Continued development of the city in the face of this flood risk will put 
greater value at risk – even if there were no increase in rainfall from climate change. As 
Exhibit 13 shows, the bulk of the $200m in value at risk in Georgetown is driven by the 
exposure of existing assets to today’s climate, and the growth of those assets and their 
consequential exposure. This analysis shows that decision-makers in Guyana would very 
likely benefit from focusing immediate efforts on protecting assets from current flood 
patterns, and steering future development towards less flood-prone areas. These steps 
would be likely to create a sound foundation for any additional efforts required to adapt to 
climate change.

In Florida, an area with a much greater level of economic development, a similar 
outcome held true. The three Miami-area counties assessed already face substantial 
risk from hurricanes – with an annual expected loss for 2008 quantified at $17bn, 
or almost 10 percent of the counties’ combined GDP. A continuation of current 
development patterns in the face of historical climate risk would increase both GDP 
and the annual expected loss, to $26bn in 2030. Were climate change to increase the 
severity of hurricanes, the Miami area could face an additional $4-7bn in loss. Again, 

the implication is clear: decision-makers’ 
immediate focus could be on protecting 
existing assets, and improving the 
climate-resilience of future development. 
These measures would in any case help 
to prepare the area for potential climate 
change impacts. 

It should be noted that Florida’s exposure 
to hurricanes makes its level of climate 
vulnerability unusually high. The test 
case in Hull (UK), on the other hand, 
underlined the fact that developed 
countries are generally better adapated 
to climate risk than poorer countries. 
Although Hull was identified as the UK 
city most exposed to the risk of flood and 
storm surge, the study found that the city’s 
annual expected loss from these hazards 
in 2008 stood at less than 1 percent of its 
GDP – or some $50m. Economic growth 
would increase the expected loss to almost 
$80m in 2030, while increased flooding 
and sea level rise in a high climate change 
scenario would bring the total loss to 
almost $100m in 2030 – a significant 
figure, but still no more than 1 percent 
of local GDP. It is worth noting than an 
assessment of the vulnerability of London 
to increased flooding found that existing 
flood-protection measures, notably the 
Thames Barrier, would protect the city 
even in a high climate change scenario to 
203024. 

Poorer populations face 
proportionately greater 
loss

Previous studies have found that 
populations with lower per capita income 
are particularly vulnerable to climate-
related loss25. The Maharashtra (India) 
and Mopti (Mali) cases, which   
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Severe impact of an extreme event on small and marginal 
farmers – India test case
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focused  on the risk posed to agriculture by climate, provided stark evidence in support 
of this concern. Maharashtra relies on rainfall for much of its agriculture and is already 
vulnerable to drought. This is reflected in the current figure for expected annual loss 
from drought, which stood at $240m in 2008 – equivalent to nearly 3 percent of the 
state’s agricultural output. Agricultural income growth would increase the loss to 
$370m by 2030, while the high climate change scenario with more frequent droughts 
would increase the expected annual loss to $570m by 2030 – or 4 percent of the 
region’s agricultural output. 

In Maharashtra’s case, these global figures mask the much greater vulnerability of 
food production and the rural poor. In a drought year, some 30 percent of the state’s 
food grain production would be lost – even without climate change. This would have 
particularly severe impact on the 15 million people engaged in small and marginal 
farming, who typically have no reserves to see them through lean years (Exhibit 14). 
For India as a whole, such a drought in 2030 could lead to a countrywide agricultural 
loss of more than $7bn, severely affecting the income of 10 percent of the population. 
These losses could be much greater in a scenario of high climate change, as drought 
events that have historically occured once every 25 years could now occur once 
every 8 years. Again, drought protection measures implemented now will address 
Maharashtra’s large current climate risk – and strengthen the state’s preparedness for a 
possible increase in drought frequency caused by climate change. 

In Mali, we tested the potential impact of gradual climate zone shift – essentially, a 
slow southward expansion of the arid Sahara – on agriculture, which accounts for more 
than 80 percent the country’s employment. A scenario of high climate change to 2030 
would reduce Mali’s income from agriculture and livestock by 14 percent compared to a 
scenario of no climate change (although overall output would still be higher than today, 
even in the worst-case scenario, thanks to agricultural growth that will likely track with 
population growth). 

Again, the detail of the test case reveals 
more severe local impacts: the projected 
losses are concentrated in the regions 
and amongst the crops most affected by 
climate change. For example, yields of 
millet and sorghum, two staple crops, 
could decline by as much as 28 percent 
(Exhibit 15) – with serious consequences 
for low-income and subsistence farmers. 
Even in the higher-rainfall “best case” 
scenario for Mali, agricultural crop 
modeling by International Food Policy 
Research Institute (IFPRI) pointed to 
crop losses because greater rainfall can 
cause greaterer nutrient leaching and the 
additional rain would largely fall at times 
when water was already abundant and 
not needed by the crops.  The detailed 
modeling by crops highlights how complex 
the issue of agricultural impact from 
climate change. As in the other test cases, 
many of the measures which Malian 
decision-makers could take to protect 
against these potential losses would in 
any case be effective steps to improve 
agricultural productivity. Consequently, 
a sound strategy to adapt to climate 
change would be built on the foundation of 
pragmatic economic development actions.

The Samoa test case confirmed the 
hypothesis that Small Island Developing 
States are particularly exposed to high 
risk. In 1990, the country was hit by 
Cyclone Ofa, which destroyed buildings, 
infrastructure, and crops through wind 
and flooding damage. Due to sea level 
rise, the frequency of events with Cyclone 
Ofa-like intensity will likely increase 
from once every 50 years to once every 20 
years in 2030 in the high climate change 
scenario. As a result, annual expected loss 
might increase from 5 to 8 percent of GDP 
in Samoa. Note that, due to its volcanic 
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Impact on yields in each of the modeled climate scenarios
– Mali test case
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nature, Samoa has plenty of high ground to which the population can move – although 
at significant cost. Conversely, the effects of sea level rise will be much more severe 
on atolls or other low-lying islands, where the population cannot simply relocate to a 
higher elevation.

Note that, although we utilized spatially resolved asset distributions to calculate 
the expected loss under each scenario in each test case, we did not take into account 
distributional variation in the effectiveness of the measures. For example, a measure 
designed to protect houses may alleviate more damage in a solid, costly house than in  
a less solid structure. An additional step could be added to our methodology to,  
for example, document costs and benefits for population groups differentiated by 
income quartiles.

Although the main focus of this initiative has been on the economic impact of climate 
risk, the methodology has also proved effective for projecting the non-economic losses 
from various future climate scenarios. Human health was identified a key climate-
related risk in central Tanzania, and was thus made a focus of the test case in that 
country. Under the increased drought conditions modeled under moderate and high 
climate change scenarios for Tanzania, cholera cases in the central region are projected 
to increase by 20-30 percent to 2030. Cases of trachoma, an infectious eye disease that 
causes blindness, are projected to increase by 100-400 percent under these scenarios. 
The proportion of region’s population under food stress could double.  

The advantage of early action

All in all, the test cases make it clear that climate puts substantial economic value at 
risk, across geographies, development stages and the types of climate hazard. Yet the 
bulk of this risk is known today, and much of the increase in projected loss would come 
from economic growth. For decision-makers in all countries, there is much to be gained 
from acting early to strengthen their economies’ resilience to today’s risk, and guide 
overall economic development in a more climate-resilient direction. Not only will   

As in the other test 
cases, many of the 
measures which Malian 
decision-makers could 
take to protect against 
these potential losses 
would in any case 
be effective steps to 
improve agricultural 
productivity. 
Consequently, a sound 
strategy to adapt to 
climate change would be 
built on the foundation 
of pragmatic economic 
development actions
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this address today’s greatest climate-related losses, it will also be 
an important precautionary measure against a range of possible 
climate change scenarios – including those towards the severe 
end of the range. 

IN PRINCIPLE, MUCH OF THE PROJECTED LOSS 
CAN BE AVERTED

Having identified the climate hazards from which a location is 
most at risk, and having quantified the probable loss from those 
hazards under the various climate change scenarios, the next 
step for a decision-maker is to identify measures to minimize 
that loss. A key question for the Working Group on undertaking 
this effort was: would societies be able to assemble a sufficiently 
cost-effective portfolio of measures to reduce their climate risk 
and adapt to possible climate change? 

In principle, the answer for most of the locations analyzed is 
“yes”. In these locations – themselves selected as regions that 
are particularly vulnerable to climate –  there is a set of cost-
effective measures that could address between 40 and 100 
percent of the identified climate risk to 2030, both from “today’s 
climate” and from the climate change scenarios.  Of course, 
these are economy-wide figures: within each location studied, 
there may be populations or assets, such as communities in 
informal housing on low-lying land, which are more difficult 
to protect from climate risk. And we should emphasize that 
this analysis does not speak to the implementation of the loss-
aversion measures identified, which may itself be a challenging 
and complex process. On a positive note, though, continued 
work towards climate adaptation is likely to reveal additional, 
innovative adaptation measures that may further increase the 
fraction of damage averted. 

A shortlist of known, tested measures

In each of the test cases, a thorough process of local and global 
research and stakeholder engagement was undertaken to identify 
and evaluate a full range of measures that would be effective in 
reducing the climate-related loss expected. Only measures that 
were already known, tested – either in the test case country or 
internationally – and readily applicable were included in this 
analysis. We filtered the measures by answering a sequence of 

questions.  Is the measure feasible given the funding, political 
environment, technical capabilities and time required?  Is the 
measure applicable to the local setting, recommended by local 
experts, and known to work in the setting?  Are the measure and 
its results desirable?  Does the measure decrease risk while fitting 
with wider policy goals? The resulting short-list of measures was 
then evaluated quantitatively.

Most of the measures identified were focused on risk prevention 
and mitigation, in three main categories:

	�Infrastructure/asset based responses: measures that require 
physical changes to existing assets or building of new assets. In 
hurricane-prone Florida, for example, such measures included 
“beach nourishment” – extending beaches into the sea to 
lessen storm surge impact – and strengthening and securing 
the roofs of residential buildings. In flood-prone Samoa, 
for example, infrastructure/asset based measures included 
planting mangrove tree buffers to disperse wave energy, and 
elevating coastal homes on stilts.

	�Technological/process optimization responses: measures 
that require adoption or use of a different technology, process, 
or input. In Maharashtra (India), for example, measures 
considered to protect agriculture from drought included 
improved fertilizer application, and wider use of mechanical 
and electronic timers to improve the effectiveness of irrigation. 

	�Systemic/behavioral responses: measures that involve 
behavioral change or a coordinated systematic response. In 
Hull (UK), for example, measures considered to protect the 
city from flood risk included an awareness campaign for local 
residents – encompassing an online tool to assess their homes’ 
individual risk profiles – and improved emergency response 
training.

In most of the cases studied, however, there was a possibility of 
low frequency/high severity weather events for which the cost 
of prevention measures would be prohibitive. Consequently, 
a range of risk transfer measures, including insurance and 
alternative financial solutions, was considered for inclusion in 
the portfolio of adaptation measures for each case. Even amongst 
poorer households in developing countries, such measures could 
prove a useful complement to prevention measures. (See Box: 
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A climate risk portfolio – balancing cost-effective measures 
across a range of hazard events
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The role of risk transfer on the next page). Exhibit 16 highlights how consideration of  a 
range of severity and frequency of events will help a decision-maker build an effective 
portfolio of adaptation measures.  The measures listed in the exhibit are illustrative.  

In identifying steps to address climate risk, the test cases also took account of measures 
that were already being implemented to promote economic development, but which 
would also serve to strengthen climate resilience – for example, canal lining and 
rehabilitation of irrigation systems in the case of Indian agriculture. Note that climate 
adaptation measures do not necessarily overlap with broader economic development 
measures, and so may entail opportunity costs as well as direct costs. For example, 
the expense of building a sea wall against an anticipated increase in flooding severity 
not only represents a cost related to climate risk, but also may limit the funding and 
leadership and organizational capacity available for broader development measures 
such as agriculture or sanitation improvements. 
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Risk transfer methods include traditional, indemnity-based insurance, 
parametric index solutions and catastrophe (CAT) bonds, and similar 
financial mechanisms. Exhibit 17 illustrates the benefits and costs of risk  
transfer solutions from a decision-maker’s perspective: risk transfer caps 
losses and smoothes the costs of climate events to individuals, corporations 
and governments. It can thus protect livelihoods from catastrophic events 
and increases the willingness of decision-makers to invest in economic 
development. These benefits come at a price, however. To be economically 
viable, insurers or other producers of risk transfer solutions need to charge the 
expected loss plus a mark-up for production and distribution. Therefore, risk 
transfer solutions generally exhibit a cost-benefit ratio larger than one in our 
cost-benefit methodology which is based on expected costs and benefits.   

Together with risk prevention 
and mitigation measures, risk 
transfer plays an important 
role in strengthening climate 
resilience. Prevention efforts can 
reduce exposure and damage 
resulting in lower expected loss 
and thus risk transfer costs. On 
the other hand, risk transfer can 
significantly reduce the cost of 
prevention and mitigation by 
bearing the risk of rarer or extreme 
events. For instance, it is rarely 
economically viable to construct 
a building to withstand the most 
extreme windstorms. The more 
efficient solution is to design for 
severe windstorms, and then 
transfer the risk of more extreme 
events. In the Samoa case, for 
example, risk transfer proved to 
be the economically optimal 
solution to tackle residual storm 
risk, with physical measures being 
significantly more costly.

As decision-makers look across 
the broad breadth of adaptation 
measures, it is vital for them to find 
the right balance between risk 
prevention and mitigation, and 
risk transfer measures. Exhibit 18 
lists the most important demand 
drivers for risk transfer solutions. 

The main functions of risk transfer ILLUSTRATIVE
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Time
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The role of risk transfer
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In a similar vein, the Organisation for Economic Co-operation and 
Development (OECD) notes:
	
	 “ �Insurance has a dual role with respect to adaptation. Access to insurance 

payouts can lessen the net adverse impact of climatic events on policy 
holders. At the same time, insurance is also an instrument for incentivizing 
adaptations aimed at reducing climate risks. Properly set insurance 
premiums can, in principle, send appropriate signals to policy holders 
to undertake adaptation measures to reduce exposure to various risks, 
including those posed by climate change.”26 

Risk transfer already makes 
a major contribution to the 
developed world’s relative 
climate resilience. There are, 
however, opportunities for risk 
transfer to play a much greater 
role in protecting against climate 
risk in the developing world. 
For example, weather-based 
index insurance is an attractive 
option for a developing world 
agricultural sector such as in 
India. These insurance products 
are limited to an index such as 
rainfall, temperature, humidity, 
crop yields, or satellite-based 
vegetation rather than to 
actual losses. Administrative 
costs for these products are 
low, as no case-by-case 
damage assessment is required.  
Moreover, index insurance 
products do not present the 
risk of adverse selection, thuse 
ensuring a higher level of fairness 
by limiting cross-subsidies 
between policy-holders. This 
type of insurance therefore offers 
simple, cost-effective coverage 
to small farmers, who – in the 
case of catastrophic events – 
are paid out quickly. 
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Adaptation cost curve – Florida test case MODERATE CLIMATE SCENARIO
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Cost-benefit analysis

We then applied a thorough cost-
benefit analysis to each of the measures 
identified. In an agriculture-focused 
case such as China, India or Mali, the 
capital and operational costs of each 
measure – better irrigation control, say, 
or improved fertilizer use – are calculated 
and weighed against the measure’s 
benefit in terms of improved revenue, 
as well as the drought-related loss it 
would avert. (See box: Calculating costs 
and benefits of adaptation measures. 
For a full explanation of the cost-benefit 
approach, see the Methodology Guide in 
the Appendix of this report). 

This cost-benefit assessment of measures 
can be expressed as a “cost curve”, as 
in the Florida example (Exhibit 19). 
Measures are plotted along the cost curve, 
from the most cost-effective on the left, 
to the least cost-effective on the right. 
Measures with a cost-benefit ratio less 
than 1 have a net economic benefit: in this 
Florida example, for the moderate climate 
change scenario, measures such as beach 
nourishment and roof strengthening 
would have economic benefits that 
significantly outweigh their costs. 
We should emphasize that the cost 
curve is a quantitative tool to assist 
decision-makers in selecting adaptation 
measures – it is not a prescriptive answer 
on what suite of measures ought to be 
implemented to address climate risk. 
(See Box: Reading the cost curve.) As we 
explain below, it remains the decision-
maker’s responsibility to assemble a 
prioritized portfolio of climate resilience 
measures for their location, based not only 
on the costs and economic benefits of the 
measures available but also on a range of 
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Reading the cost curve

The cost curve is a useful tool to help decision-makers 
understand the options to address increased impact. 
It is not prescriptive – it does not tell decision-makers 
what suite of measures they ought to implement 
to address climate risk. However, it quantifies the 
economics of a subset of measures to address climate-
driven hazards for a given scenario and time period. It 
therefore helps answer practical questions like: What 
kind of measures are available? How much do they 
cost? What is the optimum penetration? How much will 
they reduce the climate risk? 

The cost curve evaluates the performance of the 
measures based on how well they reduce expected 
loss, on the assumption that reducing future losses 
from climate change is one of decision makers’ key 
objectives. The detailed estimates underlying each 
rectangle in the cost curve also allow decision-makers 
to gauge the financial resources needed to address 
the risks posed under each climate scenario, as well 
as a rough an indication of where resources may be 
allocated most effectively from a purely economic 
perspective. As in all scenario planning exercises, the 
resulting estimates cannot be considered a precise 
prediction but rather an general map that can guide 
decision making.

other considerations such the ease of implementing measures, 
and non-economic policy goals. 

The cost curves developed in the test cases show that, across 
the locations studied, between 40 and nearly 100 percent of the 
expected loss to 2030 can be averted through cost-beneficial 
adaptation measures that are already known and tested. In 
most cases, these measures can be assembled in a cost-effective 
portfolio, where the costs are less than the economic benefits and 
address approximately half of the expected annual loss (Exhibit 
20). This is not to say that adaptation is free: the measures 
identified would require major upfront investment, and there 
may be non-economic costs, such as social and environmental 
losses, which the cost curve does not account for. Yet many of 
these measures are in fact investments in a national economy 
and may also have benefits above and beyond the averted loss 
and additional revenue of agricultural production that we assess.

In each test case, the location’s cost curve was constructed for 
each climate change scenario. This step allows decision-makers 
to compare the relative priority of the costs and benefits of 
particular measures under these different scenarios, and thus 
focus on measures that are economically attractive under all 
scenarios – an effective way to address the uncertainty inherent 
in climate change. 

The cost curve is a flexible tool that be tailored for decision-
makers’ specific local requirements. For example, the cost-
benefit ratios of individual measures can be weighted to take into 
account the extent to which they help vulnerable populations or 
support the overall development agenda of a location. (See Box: 
Tailoring the cost curve.)

Given the diversity of the hazards and development stages 
represented in the test cases, this finding would suggest that 
decision-makers in most locations are likely to have a set of 
viable and cost-effective measures available to them to address 
the bulk of their total climate risk to 2030. 

For any given location, it is possible to identify the cost-benefit 
ratio of all selected infrastructural, technological, behavioral, 
and risk transfer measures.  Given the highly local nature of 
the test cases, comparison across them in terms of absolute 
percentage of loss averted is of limited value. Nonetheless,   
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Tailoring the cost curve

Cost-benefit analyses, and the cost curve that 
represents them, can be tailored to requirement. 
For example, the cost-benefit ratios of individual 
measures can be weighted to take into account the 
extent to which they help exceptionally vulnerable 
populations, or to which they fit with the overall 
development agenda of a location. They can also 
be made more flexible: for example, a range of cost 
curves can be produced for a range of expected loss 
figures. Finally, they can be made more dynamic, for 
example by including a range of uncertainties (such as 
confidence intervals) for each cost-benefit ratio. This 
final modification would allow selection based on all 
possible – rather than likely – outcomes. For example, 
a measure with low uncertainty, or low risk of a very 
negative outcome, may become more attractive than 
a cheaper measure with a highly uncertain outcome.

it is striking to note that, across this incredibly diverse set of 
climate-sensitive locations, the test cases found that a minimum 
of nearly half of all expected loss can be averted through cost-
effective adaptation measures.

Prioritizing a portfolio of measures

The cost-benefit analysis described above provides a fact 
base for decision-makers as they assemble a portfolio of 
prioritized measures to address their location’s climate risk. 
This prioritization exercise will by necessity be a complex one 
requiring considerable judgment from decision-makers, and 
taking into account a range of considerations, of which the cost 
and impact of the measures are only a starting point. The relative 
ease of implementation of the measures in the portfolio will be a 
further consideration. And decision-makers will need to ensure 
that portfolio addresses the location’s full range of climate risk 
– not only moderate change (for example in rainfall reduction or 
wind speed increase) but also variability and extreme events.

Importantly, the prioritization of adaptation measures will 
also be driven local policy goals and constraints whose 
considerations are quite different from minimizing financial 
costs and maximizing economic benefits. For example, a 
decision-maker may set out to minimize the loss of lives, or to 
protect the economy against damage caused by very extreme 
events (such a one in 10,000-year flood) – regardless of the cost-
efficiency of the measures needed to achieve these outcomes. 
Such policy objectives should at a minimum be taken into 
account qualitatively during the decision-making process. 
Alternatively, they can be incorporated into the cost-benefit 
analysis by selecting the most efficient measures which realize 
the set objectives: as a result, cost-inefficient measures could 
also be included in the prioritized portfolio of climate-resilience 
measures.

Finally, the priorization process will, in addition to adaptation 
measures, need to consider measures that minimize the ongoing 
damage after a climate event, such as national disaster funds and 
emergency preparedness programs.

While this initiative focused on developing and testing the 
analytical tools required to assist decision-making, several cases 
also considered how a prioritized portfolio of measures might  
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Calculating costs and  
benefits of adaptation measures

1.	� Determine the discount rate. In the test cases, 
we used local government infrastructure-related 
decision discount rates. While different discount 
rates limit the ability to compare results in terms of 
the measure cost benefits, it is important to align 
the discount rate locally to ensure appropriate 
comparison with tradeoff decisions. Given our 2030 
timeframe, the government investment discount 
rate usually is preferred to a more long-term social 
discount rate.

2.	� Gather cost, benefit and expected useful lifetime 
data on each measure. This step prepares a 
bottom-up calculation of the present value of costs 
and benefits of implementing the measure. This 
includes up-front expenditures, operating costs (for 
example, labor and maintenance), asset growth, 
extent of coverage or penetration (for example, the 
number of houses to be protected), and value of 
location, assuming both current and future use. This 
last component is primarily relevant to agricultural 
settings, where significant revenue may be at risk. In 
the test cases, we assumed that costs would grow at 
inflation. In some cases, we assumed that these costs 
would be financed – which results in an annualized 
cash flow similar to an annuity. For those measures 
that have a lifetime longer than 2030, we calculated 
a terminal value in 2030 terms and discounted 
it back following a standard net present value 
approach.

Selected adaptation measures are assessed by calculating the net present value of the stream of costs 
and benefits for each measure over time, where benefits are equal to the loss averted compared to today’s 
climate scenario, following a sequence of six steps. 

3.	� Define the scope of the measure by determining the 
maximum potential of implementing the measure 
in the local context. The total costs and averted 
loss will depend on the extent of the measure’s 
implementation. For example, if only 50 percent 
of a crop can be drip irrigated, then assuming 100 
percent penetration rate would skew the results. 

4.	� Calculate costs of each measure. Based on the 
bottom-up assessment, we calculated capital 
expenditures (CAPEX), operating expenditures 
(OPEX), and operating expenditure savings (OPEX 
savings) compared to current approach – again 
mostly applicable to agricultural settings. If OPEX 
savings are available for the measure, a negative 
bar may appear on the adaptation cost curve. 

5.	 �Determine if additional benefits from societal 
revenue upside is possible. In some cases, 
implementing an adaptation measure will have 
economic benefits in addition to reducing the loss 
from the climate risk. For example in agriculture, 
most measures have a significant impact on yield 
(in the order of 20 percent, in the Maharashtra case) 
and therefore provide additional societal revenue 
upside. In our test cases, we assess societal revenue 
for agriculture and energy sectors.

6.	� Calculate cost-benefit ratio based on net present 
value of the streams of costs and benefits over time 
(including terminal value) in 2008 currency. This 
provides the y-axis location of the measure on the 
adaptation cost curve.
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Maharashtra, like many other parts of India, faces the risk of drought 
from erratic rainfall patterns – drought that has historically caused severe 
disruption to agriculture and caused disproportionate harm to the millions 
of poorer people engaged in small-scale farming. The test case identified 
a wide range of measures whose introduction or wider use could protect 
agricultural production – and farmers’ incomes – from drought. These 
included expanded drip and sprinkler irrigation; drainage construction; 
watershed management (for example, through afforestation and grass 
seeding); improved soil techniques; integrated pest management; crop 
engineering; and insurance.

A cost-benefit exercise (Exhibit 21) found, in principle, that Maharashtra can 
prevent much of its expected drought loss to 2030 through measures with 
relatively low cost. And for most of the measures identified, the economic 

Overview of agriculture measures assessed – India test case

1 Rf = rain fed agriculture
2 Ir = irrigation fed agriculture
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Priority actions to protect Indian  
agriculture from drought

benefits – primarily in the form  
of growth in the value of agriculture 
– exceed or closely approximate 
the costs. Although detailed cost 
benefit assessment was conducted 
on all of these measures, some of 
them are already planned by the 
national government and therefore 
included in the baseline growth 
assumption and not in the final 
cost curve that is focused on future 
investment decisions. See India test 
case appendix for more detail.
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Approach to prioritizing the initial portfolio of  
measures–India test case

Cost 
today 

Negative/
Low cost
(< $200m)

Higher 
cost 
(> $200m)

Readily 
achievable Some challenges Difficult 

Near-term ease of capturing opportunity 1

550 150 140

1,350 230 40

• Drip irrigation • Soil techniques 
(zero tillage)

• Integrated pest 
mgmt (ir and rf)

• Irrigation 
controls

• Drainage 
systems
(ir and rf)

• Sprinkler 
irrigation

• Crop 
engineering
(ir and rf)

• Index 
insurance

• Watershed & 
rain water 
harvesting

Do it now

Start slow, then accelerate

Develop now, capture 
over time

Loss averted

1 Based on financing issues, regulatory support, agency issues, entrenched behavior, supply constraints and technological readiness

22

Approach to prioritizing the initial portfolio of measures 
– India test case

Other measures
Index insurance

<1/50 1/50 
to 1/25

1/25 
to 1/10

7

21

39

45

10

30

12
5

1/10 to 
annual

Residual loss

Hazard frequency
(1/return period)

Loss profile

India case study:  Loss across hazard frequencies1

2008 $bn

• About 80% of 
expected losses 
can be covered 
by a balanced 
portfolio of 
traditional 
measures

• But only index 
insurance can 
offset the impacts 
of high-severity, 
low-frequency 
events

0
00

0

1 This is loss before adjusting for frequency range.  Annual expected loss is area under the curve
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From this shortlist of measures, a 
prioritized portfolio of action steps 
was created, with early action 
focused on the measures that are 
most affordable and most likely 
to be implemented successfully 
(Exhibit 22). 

As in most of the other cases, risk 
transfer measures – such as index 
insurance for small farmers – proved 
to be a necessary complement to 
prevention measures in the case 
of severe, infrequent drought. 
As Exhibit 23 shows, risk transfer 
measures would address a large 
part of the loss in once in 50 year 
droughts, whereas prevention 
measures would address the bulk 
of the risk from more-frequent, less-
severe events.
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be constructed from the findings.  (See box: Priority actions to 
protect Indian agriculture from drought). 

Beyond cost-benefit analysis – decision-
making in a risk informed environment

Cost-benefit analysis provides a powerful tool to identify the 
most attractive adaptation measures based on an economic 
assessment. However, as discussed above, this approach has 
some limitations and provides just one input into a multi-criteria 
decision-making process. One of the most significant limitations 
of cost-benefit analysis is its assumption that decision-makers 
are risk-neutral and make choices based primarily on economics 
– and would therefore tend to prefer measures whose economic 
benefits outweigh their costs. As we emphasize throughout this 
report, decision-making is in fact based on many other factors, 
including risk appetite, qualitative impacts and policy targets. 
Take as an example the Delta Committee in the Netherlands, 
which has specified that dikes in some parts of the country 
be built to withstand a 1-in-10,000-year event. The high level 
of protection is likely determined politically considering 
local experience and risk-taking appetite, rather than purely 
economically.

To improve their usefulness, cost-benefit analyses can be 
modified to take into account non-economic factors. In the test 
case on Samoa, for example, we extended our methodology to 
account for the risk aversion of the decision-maker. The key input 
in performing this kind of analysis is an explicit policy target. 
In the Samoa case, we considered a policy target formulated as 
the share of coastal flooding risk Samoa is willing to shoulder 
instead of transferring it to capital markets via insurance or 
averting it through adaptation measures. For the purposes of 
testing our methodology, we assumed that maximal acceptable 
loss during a 250-year event was 5 percent of GDP. Note that, in 
reality, the selection of such a threshold is a subjective function. 
It must be determined on a case-by-case basis based on a set of 
qualitative or semi-quantitative criteria such as the resilience of 
the economy to negative shocks.

Once the policy target has been established, the modified 
methodology consists of looking at the most cost-efficient 
measures to realize this target, including measures that are 
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49%

100%

Risk transfer offers the full 
desired level of coverage and is 
significantly cheaper than other 
considered measures

Example of evaluation of alternative options to cover residual risk 
of coastal flooding in Samoa

Loss for 250-year event

In percent of GDP
Loss covered

In percent of 
residual risk to be 
covered

Further 
hard 
measures

Risk 
transfer

23

7

Annual cost1

In USD 
millions

Residual 
risk to be 
covered

11

Maximum 
bearable 
loss

5

Loss 
averted 
by cost 
efficient 
measures

18

Total
loss

34

Risk transfer is the most efficient way of providing additional 
coverage for low-frequency events

1 Estimate based on Swiss Re estimate
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not cost-efficient according to risk-neutral criteria – that is, measures with a cost-
benefit ratio greater than 1.  It is also useful to note that policy targets change and are 
re-evaluated as more information and experience is gathered.  For example in Florida, 
building code regulations have been strengthened in recent years, in response to the 
severe losses caused by Hurricane Andrew in 1992.

In Samoa, the standard cost-benefit analysis showed that 54 percent of the damage 
expected to occur in 2030 during a 250-year coastal flooding event can be averted 
by a set of cost-efficient adaptation measures. The residual risk for a 250-year event 
thus amounts to 12 percent of GDP. Of the other available adaptation measures – with 
cost-benefit ratios of greater than 1 – risk transfer presented the most cost-efficient 
solution by being at the same time cheaper and more effective than the other measures 
considered (Exhibit 24). 
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Impact of cash crops on ability to avert expected loss 
– Mali test case

Agriculture

Livestock

New revenues agriculture

Cost/benefit ratio

Averted loss
$bn

0.3

Cash crops 
(non-Delta area)

0.3

Cash crops 
(Delta area)

0.20.1 
0

-1.1

0.4 0.5 0.5

Small rice perimeters
including cash crops area

0.5
0.5
0.5

0.6

0.8
0.9
1.0

1.2

1.5

1.3

0.4

1.4

1.00

1.0 2.0 2.5 3.00.5

100% of regional
expected loss

100% of national 
expected loss
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CLIMATE RESILIENCE BOOSTS ECONOMIC DEVELOPMENT

An ingoing belief of the Working Group on undertaking the Economics of Climate 
Adaptation initiative was that rational measures to improve climate resilience are in 
many cases also effective steps to strengthen economic development. The findings from 
the test cases showed this to be true, and underlined the view already articulated by 
other studies27  that many climate resilience or adaptation measures can be integrated 
with economic development strategies.  

Beyond loss aversion – building national wealth

The test cases also highlighted a particular opportunity for developing countries 
to shape integrated climate resilience and development strategies, not only to avert 
loss but also to achieve substantial improvements in national wealth. In Mali, for 
example, the cost-benefit analysis for measures to address climate risk showed that 
one key measure – the development of new areas of cash crop production – could, if 
implemented in just the Mopti region that was the focus of the case, avert the entire 
country’s expected economic loss from climate change and bring in some $2bn in 
additional annual revenue (Exhibit 25). 

Health: extending the cost-benefit approach beyond 
economic impact

Several of the test cases also demonstrated the positive impact that climate resilience 
measures can have on health. In Guyana, putting in place basic flood-proofing measures 
and emergency response capabilities – key measures to address climate risk – would 
also significantly reduce mortality. In Tanzania, basic measures to improve water 
availability – such as rainwater harvesting and construction of wells, boreholes and 
tanks – would prevent tens of thousands of cases of trachoma annually, at an average 
cost of less than $10 per case prevented. The regions with the greatest burden of climate-

sensitive diseases are also the regions 
with the lowest capacity to adapt to the 
new risks. In these places, disease is most 
often the result of poverty, overpopulation, 
lack of access to fresh water, malnutrition, 
and lack of sanitary facilities, all of which 
will be exacerbated by climate change. 
Essentially, the change in temperature 
and precipitation will affect the disease 
vectors. We reviewed local precipitation 
and disease occurrence data to test the 
local Tanzania hypothesis of a correlation 
between the two. 

We conducted a test of the cost-benefit 
methodology and adjusted it to compare 
the costs and public health benefits (in 
terms of number of cases treated or 
prevented) of a range of measures to 
combat trachoma and other diseases in 
Tanzania. The notion of “loss averted” 
benefit, originally conceived as an 
economic measure, required adjustment 
when applied to public health. Although 
cost is obviously not the only criterion in 
assembling a public health strategy, this 
exercise provides a comparison  
of the cost-effectiveness of various 
measures, as input into such a strategy 
(Exhibit 26). 

Unlocking funding

It is important to note that integrating 
climate resilience measures with economic 
development strategies is also likely to 
help unlock the funding required both 
to address existing climate risk and 
adapt to climate change. The UNFCCC 
recently estimated that by 2030 the 
world will be spending an additional 
$36–$135bn each year to address impacts 
associated with climate change – and 
that $23–$55bn a year in additional 
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Adaptation measures to treat and prevent trachoma 
– Tanzania test case

Prevent

Treat

1  Educational program to encourage 
face cleaning

2 Mass administration of antibiotics to 
entire communities- donated drugs

3 Mass administration of antibiotics to 
entire communities- purchase drugs

4 Build basic covered wells with pipes
5 Build ventilated pit latrines
6 Rainwater harvesting with 1,000L 

sand and cement
7 Targeted administration of antibiotics 

to active cases
8 Rainwater harvesting with 20,000-

45,000L reinforced rainwater 
harvesting tank for schools and other 
public buildings

9 Rainwater harvesting with 2,500L 
sand, cement, chicken wire

10 Build 100 MM boreholes + pump + 
engine + 40,000L holding tank + 
distribution pipes

11 Mechanical filtration of water
12 Trichiasis surgery to prevent 

blindness
13 Chemical filtration of water
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Indeed, well-targeted, early 
investment to  improve climate 
resilience is likely to be cheaper 

and more effective for the  world 
community than complex disaster 

relief efforts after the  event

investments and financial flows will 
be needed to fund adaptation in the 
developing world28. Regardless of the size 
of the adaptation fund likely to be agreed 
upon in Copenhagen, the majority of 
this funding will need to come from the 
private sector. Climate resilience measures 
with demonstrated net economic benefit, 
integrated into coherent development 
strategies, are much more likely to attract 
private sector investment – and trigger 
valuable new innovations and public-
private partnerships. 

Multilateral and development funding 
will, of course, also have an important role 
in shaping climate-resilient development 
paths, and a coherent framework for 
assessing climate risk and evaluating the 
costs and benefits of measures will help 
countries and international institutions 
to allocate and apply this funding more 
efficiently. 

“Perishable” investment in 
climate resilience

An important note about the timing 
of investment in strengthened climate 
resilience: Even though there is still 
considerable uncertainty about how 
climate change will impact local 
economies, the findings from the test cases 
suggest it is critical that decision-makers 
take early action to incorporate climate 
resilience into economic development 
strategies. 

There may be a temptation to ignore large 
risks with a perceived low probability, 
or simply to “wait and see” – but as the 
studies show, much of the climate risk that 
societies face is from known, historical 
weather patterns; and science-based 

climate change scenarios raise a plausible prospect of significant additional risk to 
2030. Indeed, well-targeted, early investment to improve climate resilience is likely to 
be cheaper and more effective for the world community than complex disaster relief 
efforts after the event.

Many of the most effective climate resilience measures will require significant lead 
times before they can be put in place; and investment decisions in infrastructure and 
technology typically have long depreciation periods. A clear view of a location’s total 
climate risk and of the costs and benefits of the available adaptation measures will 
allow leaders to make such decisions with a better sense 
of priority.  
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Chapter 3:  
Taking climate-resilient 
development forward 
Assessing and addressing climate risk: lessons learnt from the 
test cases | Steps to implementing a comprehensive strategy for 
climate-resilient development
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This chapter highlights several important lessons learnt from the 
test cases on how decision-makers can best assess and address 
the climate risk facing their economies and societies – and on 
how the framework piloted in this study can be expanded. This 
chapter also discusses the tactical steps that decision-makers can 
take to implement the framework at broader scale in their own 
countries, regions and cities – thus embedding sound adaptation 
choices in their economic development paths. 

ASSESSING AND ADDRESSING CLIMATE RISK: 
LESSONS LEARNT FROM THE TEST CASES

Five main lessons emerged from the initial application of the 
climate risk framework to the eight local test cases. 

Lesson 1: across diverse climate risks 
and impacts, a common risk framework 
applies

The Working Group’s objective in conducting this initiative was 
to create a robust, replicable framework to assess and quantify 
the climate risk faced by an economy and to prioritize a set 
of measures to address that risk. The initial version of that 
framework was piloted on a trial-and-error basis across the test 
cases. Having reviewed the results of this exercise, the Working 
Group is confident that the framework – specifically its core 
quantitative analyses – will indeed apply to virtually any country, 
region or city, as well as to public and private sector organizations 
with large asset bases exposed to climate risk. For a great variety 
of settings and climate risks – from local rain-driven flooding 
in a mixed urban and agricultural setting such as Guyana, to 
drought-related health impacts in a low income rural region such 
as central Tanzania – decision-makers can derive value from the 
loss model and cost-benefit evaluation of adaptation measures 
that the framework provides. 

The implication for all decision-makers is that it is possible to 
undertake a focused, solutions-oriented climate risk assessment 
and identify a portfolio of high-impact climate resilience 
measures with a detailed understanding of their costs in a short 
space of time. 

The findings discussed in the previous two chapters show that our societies have an opportunity 
to put in place workable, cost-effective programs that greatly improve their levels of climate 
adaptation – and that in so doing, boost sustainable development.

$26-135bn 
The UNFCCC recently  
estimated that by 2030 the   
world will be spending an 
additional $36–$135bn  
each year to address  
impacts  associated with  
climate change.
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It is important to emphasize, though, that applying the 
risk management framework requires a broad spectrum of 
information. In the test cases, mining this information required 
significant effort, time and access. In Maharashtra, India, 
for example, we assessed over 100 years of detailed monthly 
rainfall to determine the 1-in-10 and 1-in-25 and 1-in-100 year 
events. In China, we needed to identify the specific months of 
precipitation that would affect the crop yield the greatest. To do 
this, we conducted a regression analysis between the drought-
covered areas over monthly, seasonal and annual precipitation 
records at the provincial level using data from 1983 to 2000. (See 
the Methodology Guide in the Appendix for further detail on 
information sources and approaches.) 

Lesson 2: analytical approaches 
to adaptation are possible – even in 
locations where data is sparse 

In several of the locations assessed in this study, climate and 
economic data was sparse. On the face of it, this made the task of 
quantitatively assessing climate risk and adaptation measures a 
challenging one. In all these cases, however, we were able to work 
with local experts and officials both to develop a robust climate 
loss model and to calculate economic cost benefits for a range 
adaptation measures. 

In Guyana, for example, the historical data on rainfall and 
correlation to flooding was limited to a few events, making it 
difficult to assess the climate hazard component of the loss 
model. However, based on good flood height measurement 
data from a recent flood widely believed to be a 1-in-100 year 
occurrence given the historical record, we were able to build a 
flood map predicting the height of flooding in a certain location 
based on localized rainfall level. Local experience on the 
correlation between rainfall and flooding, as well as historical 
understanding of flood patterns provided further detail and 
supported the assumptions required. 

Our experience further suggests that expert academic support 
will be required to conduct the key analyses, particularly to 
quantify climate risk in developing countries. In Mali, we 
partnered with agriculture and livestock experts to model the 
vulnerability of the primary crops to changes in precipitation. 

Leveraging existing work on the current vulnerability of crop 
yield to climatic conditions significantly increased the speed 
at which we could assess future climate impacts. In Tanzania, 
local health and precipitation data allowed calculations for 
initial correlations between disease incidence and prevalence. 
Local healthcare expertise was critical to understanding these 
correlations, and contradicted some of the beliefs of external 
researchers. 

Lesson 3: adaptation requires analytical 
techniques that reflect the local nature  
of risk

The analytical tools at the heart of the framework described in 
this report – an expected loss model, and bottom-up cost-benefit 
analysis – are most effective in a local setting. In some countries, 
climate risk is fairly homogenous across different geographies 
– for example, the risk of sea level rise for a small island, or the 
risk of broad climate zone shift. By and large, however, risks 
such as flooding, storm damage and drought vary greatly across 
different regions and cities – and very often across the districts 
and suburbs within them. 

It is tempting to scale up local results to the national level, 
potentially as input into adaptation funding discussions. 
However, such scaled-up results do not reflect regional 
differences in hazards, value and vulnerability in sufficient 
detail to inform robust adaptation decisions. Therefore, the 
expected loss approach to quantify climate risk is most effective 
when applied to the local setting. For a national study, such local 
assessments would need to be replicated across multiple regions. 
Alternatively, because adaptation is so extremely local, the lesson 
for a national decision-maker such as a finance minister is that 
the portfolio of national actions must take into consideration 
local conditions following a prioritization exercise as suggested 
by our methodology.

To illustrate the difficulty of scaling up local results consider the 
cost estimates developed in the test cases in Guyana and India. 
In Guyana, the risk of rain-induced flash flooding exceeding the 
capacity of man-made urban and agricultural drainage is fairly 
homogenous across the country. However, further analysis on 
how flooding varies in different settings – especially those   
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with advanced sea walls and pumping stations – would be 
invaluable to achieve a better estimate of national annual 
expected losses from flooding. In India, we attempted to scale up 
the results of the Maharashtra test case to determine the required 
annual national capital spend to address drought risk. However, 
the agricultural differences in terms of rainfall and crops – even 
across districts defined as drought-prone – turned out to be so 
significant that the figure arrived at, $25bn a year in 2030, could 
be no more than a top-down estimate. A bottom-up approach, 
assessing India’s drought risk and the costs of addressing it state 
by state, would produce a much more reliable picture. 

Lesson 4: an inclusive process is needed 
to develop a long-list of adaptation 
measures – but prioritization is important  
in moving rapidly from ideas to action 

Given adaptation’s development context, the list of possible 
measures to address current and future climate risk is in theory 
almost infinite. While an exhaustive list of measures that passes 
feasibility and applicability criteria is important, developing a list 
of thousands of options would be excessively time-consuming 
– even for the most well funded public sector endeavors. In a 
given time period, the objective is to quickly develop a long-list 
of measures and ensure that every idea that makes sense to the 
experienced local stakeholders is on a shortlist for quantitative 
assessment. The cost-benefit approach forces a discipline of 

ranking measures by their effectiveness against the expected 
loss, allowing a rapid shift from a list of ideas to a set of potential 
actions.

In identifying measures to shortlist for quantitative analysis, 
key success factors include gathering a wide range of measures 
spanning several categories of actions for the initial long-
list; prioritizing adaptation measures qualitatively based on 
feasibility; and verifying this selection with local stakeholders 
and experts. All these steps take place before the cost-benefit 
analysis begun. 

In developing the long-list of measures, engaging with local 
NGOs and the informal sector – in addition to public and private 
sector leaders – is critical to developing a robust portfolio. On 
the other hand, seeking to attain every possible option is not 
an effective approach. Some level of expert opinion helps in 
highlighting measures for which quantitative evaluation is 
warranted. In Florida, for example, we interviewed a range of 
experts across fields including NGOs, climate scientists and 
private and public sector engineers to identify the shortlist of 
measures that have proven successful to date in addressing 
hurricane risk. In developing the long-list of measures for the 
Mali test case, we conducted a series of workshops, both with 
the leaders, administrators and experts engaged officially in the 
NAPA process, and with local farmers in the Mopti region. 
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Lesson 5: climate risk assessment allows 
decision-makers to view development 
choices through a new lens, leading to 
different sequencing and prioritizing of 
already-known measures
 
Our experience in identifying, prioritizing and quantitatively 
assessing adaptation measures highlights the already well- 
understood notion that such measures overlap with development 
actions; in fact, all the measures assessed in the test cases are 
already-known development steps in in use in the locations 
concerned. Perhaps the most valuable contribution of the 
framework described in this report is the fact that it allows 
decision-makers to view and consider development measures 
through a climate risk lens – one that quantifies both the impact 
of climate on the economy, and the cost and economic benefit of 
measures to minimize that impact. This climate risk lens allows 
decision-makers to sequence and prioritize known development 
measures according to their efficacy in addressing climate 
risk. In Mali, for example, local farmers and national leaders 
already encourage optimum crop mixes and cultivation of the 
most ideal agricultural “bread baskets”. They currently utilize 
water supply and efficiency measures such as afforestation 
and reduced tillage soil techniques. A climate risk assessment 
sheds new light on these and other measures: for example, 
significantly greater scale and priority is required for measures 
that deal with chronic shortages of water. In Mali, the climate 

risk lens reveals that measures such as low tillage, solar pumps, 
canals, and livestock vaccines is have the potential to avert the 
majority of the country’s expected annual climate-related loss, 
but the penetration and implementation challenge to achieve 
this potential is daunting. It would therefore be a priority for 
government, NGOs and development organizations to build 
the institutional and local capacity needed to overcome these 
challenges. 

The analyses profiled in this report essentially bring robust data 
and insights on climate risk to the already complex decision-
making environment. The starting point for development 
planning is often a specific, urgent question, such as “How can 
we maximize agricultural productivity?”, “How can we reduce 
reliance on food imports?”, or more generally, “How can we 
enhance economic development in our region?”. As the global 
climate continues to change, these questions will become 
increasingly intertwined with those of adaptation. In fact, it 
could be argued that no robust development planning policy for 
the next 20 or more years can be created without assuming a 
radically changing environment and incorporating this climate 
risk into the decision-making process. 

Lastly, one cautionary note. It is important, while assessing 
the baseline economic growth of a location, to consider current 
economic development initiatives that overlap with the measures 
appropriate for an adaptation strategy. Essentially, the scope of 
measures assessed and baseline economic growth assumptions 
need to consider current plans. While our assumptions of 
baseline economic growth projected historical economic 
growth rates, applied expert consensus on GDP growth, or tied 
agricultural sector output to population growth, we did exclude 
from our value growth assumptions those measures already 
“counted” in the location’s current development trajectory. For 
example in India, many of the larger-scale irrigation projects 
that cost-benefit analysis suggests would be the most effective 
in reducing future losses from drought impact are already 
incorporated into the national development plans and therefore 
excluded from assessment. In India then, although we quantified 
the cost-benefit of all the measures, we assumed last mile 
irrigation, rehabilitation of irrigation systems, ground water 
pumping, and canal lining adaptation measures are part of the 
necessary activities required to achieve the baseline growth of 
agriculture value. 

The implication  
for all decision-

makers is that it is  
possible to undertake 
a focused, solutions-
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identify a portfolio of 
high-impact climate 
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their costs in a short 
space of  time
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STEPS TO IMPLEMENTING A COMPREHENSIVE 
STRATEGY FOR CLIMATE-RESILIENT DEVELOPMENT

In all the locations studied, a cost-effective portfolio of known 
and tested measures, informed in part by the analyses profiled 
in this report, should in principle be available to address a 
significant portion of the climate risk identified through 2030 
– even in a scenario of high climate change. The same is likely 
to be true in many other countries, regions, and cities. In a 
relatively short space of time, a similar approach – incorporating 
risk identification and quantification as well as evaluation of the 
cost-effectiveness of adaptation measures – could be applied in 
broader national or local efforts to strengthen climate-resilient 
development.  

The approach described in this report – and outlined in detail in 
the Methodology Appendix – would produce the essential analysis 
and fact base for inclusion into a broader effort to incorporate 
climate risk into development decision-making. The data and 
insights generated by the framework should prove particularly 
valuable in development planning processes, providing a fact base 
on how development strategies can best account for climate risk 
and integrate climate adaptation measures.

However, changing economic development decisions will require 
a significantly scaled-up analytical effort and incorporation of 
specific actions to address traditional implementation barriers, 
including organizational and institutional bottlenecks and 
financial constraints. This broader, scaled-up effort is likely 
a journey of several years requiring actions across the public, 
private, informal, and social sectors. 

The following section lays out a sequence of seven steps that 
decision-makers can take in designing and implementing a 
broader effort to strengthen their economies’ climate resilience. 

Step 1: Start with a comprehensive 
approach and objective

To develop a comprehensive approach to climate-resilient 
development, a stakeholder-driven effort is required at the 
country, region or city level, assessing all relevant risks from 
a local base. The approach would ideally be an official process 
led by a senior government decision-maker, with significant 

engagement from the private sector, NGOs and academics 
building on the NAPA efforts. The objective of this more 
comprehensive approach could be a policy framework for 
climate-resilient development, providing a broad policy wrapper 
for the full range of measures. Such an approach would also 
identify financing solutions; define new types of partnership 
and evolving roles for government; and understand what 
policy and other changes are needed to overcome barriers to 
implementation. The approach would actively engage local 
experts and all relevant stakeholders, and draw on existing 
literature – yet it should be sure to generate fact-based 
conclusions, rather than assuming that commonly held beliefs 
about the climate hazards facing a location are correct. 

Step 2: Prioritize hazards and locations 

The test cases profiled in this report prioritized one or two 
hazards per location, and in some cases one or two particularly 
vulnerable regions or economic sectors. This highly focused 
scope was driven by our purpose of testing the methodology 
across multiple locations in a short space of time. But even if 
time or resources were not a constraint, not all hazards are 
relevant to every location in the world and not all sectors are 
particularly vulnerable, or important for supporting livelihoods. 
Conducting a more comprehensive effort would still require a 
prioritization approach in order to focus the analysis, based on 
the question: “Where and from what is the country most at risk?” 
The loss assessment should still begin with an assessment of the 
historical and current climate risks of the location under study 
– critically understanding which areas are most affected by the 
hazard, and what the distribution is of vulnerable people and 
economic activity. A comprehensive national study could assess 
the climate risk of an entire country but still focus the analysis of 
adaptation measures on the hazards most relevant and sectors 
most vulnerable for each specific area. For example, a country 
study in Tanzania would not only address drought impacts on 
health and agriculture in the central regions, but also increased 
rain and storm-driven flooding on the coastal communities.

Step 3: Recognize the uncertainty about 
future climate – but do not be frozen by it

A comprehensive approach should acknowledge the debate 
around climate science, and the differences in local climate 
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projections in particular, to develop a range of meaningful 
scenarios that reflect the uncertainty about the future impacts of 
climate change. Building scenarios on future climate reflects the 
notion that climate is the variable with the most uncertainty. The 
inclination, in some cases, is to assume the uncertainty is too 
great to allow specific actions, but it is important to remember 
that a climate risk assessment exercise is not predictive in 
nature, but rather designed to understand the range of possible 
outcomes to help incorporate future climate risk into decisions 
today. Building scenarios based on existing science and being 
explicit about the range of uncertainty is critical: such scenarios 
allow potential future climate-related loss to be quantified. One 
way that decision-makers can help solidify the range of possible 
climate outcomes is to set up an independent, academic review 
board to set these scenarios.

The experience of the Tanzania test case illustrates the 
complexity involved in developing climate scenarios. For 
Tanzania, the general circulation models suggest an increase 
in average precipitation in the 2030 timeframe, yet national 
power producers that rely on hydropower have plans to diversity 
their generation sources due to anticipated increase in droughts 
in the central region where their reservoirs are located. This 
apparent conflict is a question of understanding the granularity 
of data. Regional climate models indicate that Tanzania will face 
two hazards – more rain and storms on the coast, but greater 
drought in the central regions. Engaging local experts on the 
regional climate differences enables a prioritization of drought 
impact on hydropower generation. 

Step 4: For cost-effective priority measures, 
define current and target penetration

Working through a cost-benefit prioritization methodology 
results in a set of specific and concrete measures. As discussed 
above, these measures are not new, but they are prioritized in a 
new way given their expected net benefit in addressing climate 
risk. An assessment of the current penetration, expected growth, 
and targeted level of penetration of these measures will help 
crystallize the focus of a climate-resilient development strategy – 
will indicate where funding can be invested for greatest impact. 

The Indian agriculture test case illustrates how defining the 
target penetration of a particular measure can have a  
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significant influence on that measure’s impact. Consider the 
example of watershed management programs – efforts to 
improve the quality of cultivated land through afforestation, 
dedicated pasture. These programs have been proven to increase 
yield by 25 percent over a 3-year implementation period, and 
reduce economic losses by 50 percent during 1-in-10 year 
drought event. However, the current penetration in Maharastra 
is less than 2 percent of total land area under cultivation: 
although these programs are very promising, but it is difficult 
to determine what their future scale might be, and therefore 
their potential in addressing Maharashtra’s overall drought 
risk. To better understand this potential, the test case conducted 
interviews with some 50 farmers in Maharashtra, as well as 
with experts, the National Bank for Agriculture and Rural 
Development, the Federation of Indian Chambers of Commerce 
& Industry, NGOs and government officials administering 
the programs locally. These interviews suggested that rapid 
expansion of watershed management programs was possible, 
to a target of 10 percent of total cultivable land by 2030 – 
equivalent to 2,000,000 hectares. Achieving this penetration, 
though, would require a series of implementation steps including 
improving the capacity of NGO administrators and continued 
growth in government technical assistance and training.  

Step 5: Focus on addressing traditional 
development implementation bottlenecks 

Climate risk will, in most cases, deepen current development 
challenges, such as water scarcity and drought, flooding, storms, 
coastal and ecosystem degradation, disease and mortality, 
and agricultural productivity. Achieving climate-resilient 
development will entail grappling with many of the same 
bottlenecks historically faced in implementing development 
efforts. These include setting an appropriate policy framework 
(for example, clarifying land right issues in Mali), institutional 
capability, basic infrastructure, and access to finance. 

There are several existing tools that can assist decision-makers 
in overcoming these bottlenecks in the context of adaptation. 
For example, the Adaptation Policy Framework (APF)29 was 
developed to support national planning for adaptation by the 
United Nations Development Programme (UNDP) and provides 
guidance on how these obstacles and barriers to mainstreaming 
can be overcome. 

Addressing organizational issues at the local level will be 
a further key requirement for successful implementation 
of climate-resilient development strategies. Based on our 
experience in the test cases, few locations currently have the 
appropriate units or authorities in place that are sufficiently 
prepared, resourced, or empowered to lead and implement such 
strategies.
 
Step 6: Encourage sufficient funding from 
the international community

According to current estimates, the magnitude of the official 
development aid available today is small in comparison to the 
ultimate cost of developing under increased climate risk (See 
Methodology Appendix). Allocating international funding may 
help ensure that a global deal on emissions is completed, but a 
majority of the costs of adaptation will likely be carried outside 
of international funding schemes. Incorporating an assessment 
of future climate risk into countries’ current development 
decisions is the ultimate goal in addressing the adaptation 
challenge. International funding could encourage this outcome 
through investment in technical skills, policy and planning, and 
knowledge dissemination at the country level. 

Step 7: Recognize, facilitate and mobilize 
different roles for each stakeholder

In any such process, aligned and coordinated engagement with 
all stakeholders will be key – not only with NGOs, academics 
and government agencies, but also with people living and doing 
business in the area under study: their own experience in 
living with and addressing climate risk will contain a wealth of 
information on climate risk and solutions for climate resilience. 
An effective local assessment of risks and identification of 
measures must be grounded in current knowledge – and is the 
foundation for successful implementation of a local adaptation 
and development strategy.

It is also clear that the implementation of adaptation solutions 
will be led, financed, and scaled up by different actors depending 
on the nature of the measures. Government involvement will 
be required for larger-scale infrastructure measures, such as 
major irrigation efforts (development of the Mali Delta is one 
such example). Smaller-scale measures such as watershed 
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management are often best facilitated by NGOs in their local 
settings. International institutes also have an important role, 
offering expertise on issues such as crop engineering and 
meteorological analysis. Additionally, a positive enabling 
environment can be established by the public sector at multiple 
levels, leaving room for private sector participation.

Specific roles for particular stakeholders might include:

	�National government: implement risk management policies 
integrated into economic development (for example, China’s 
Ministry of Finance has integrated risk management 
planning with economic development planning) 

	�Sectoral government agencies: implementing, incentivizing, 
and regulating relevant strategies (for example, the 
Agricultural Development Ministry could incentivize 
appropriate irrigation technology in Mali)

	�Local government: implementing local-level strategies (such 
as beach nourishment projects in Florida)

 �Private sector: providing services and products that provide 
climate risk management benefits (such as insurance 
incentives for roof covers in Florida, or roof cover installation 
services)

 �Individuals: disaster preparedness and community 
preparedness (a key factor, given that 80 percent of  
people rescued during a natural disaster are rescued by 
a neighbor). 
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conclusion
This report’s focus has been on sharing a practical analytical toolkit to aid decision-making 
and resource allocation. But its purpose is broader: to make a contribution to shifting countries’ 
development paths towards greater climate resilience. 

Many of the world’s economies are already poorly adapted to climate risk, and our historic pace of population and GDP growth 
could put ever more people and value at risk. All indications are that climate change could heighten this danger considerably. 
While adaptation does not replace the need for the world to set and achieve bold targets for reducing carbon emissions and 
slowing the rate of global warming, it does represent a crucial component of the global response to climate change. 

Yet adaptation is also an opportunity – a prompt to operate our economies more efficiently and more consciously of the risks 
inherent in the climate forces around us. Humans are inherently adaptable: should we seize this opportunity, we will have 
the chance not only to protect ourselves and future generations from climate hazards, but also to shape more prosperous and 
sustainable development paths for all the world’s people. 
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