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Key Takeaways

- Investment in adaptation can offer cost-effective protection against extreme weather
damage, what we refer to as a "resilience benefit."

- In particular, demonstrating a strong resilience benefit should attract private investors
interested in significant resilience in addition to an attractive risk-return profile.

- Our framework for assessing the resilience benefit of adaptation projects is a part of our
Green Evaluation analytical approach.

- We base our evaluation on the increase in resilience the project is likely to provide for the
covered geographical area or asset base, then incorporate our assessment of the
financing's transparency and governance.

- To illustrate how we evaluate resilience, we provide two hypothetical examples drawing
broadly from publicly available project documents.

The costs of extreme weather damage are large and expected to grow in coming years because of
climate change. One way to lessen the potential damage is adaptation--such as building
protective infrastructure, the benefits of which typically exceed the cost. S&P Global Ratings
expects that private investment would need to contribute considerably to adaptation financing
(see "Plugging The Climate Adaptation Gap With High Resilience Benefit Investments," published
on Dec. 7, 2018).

Investment in adaptation can offer cost-effective protection against extreme weather damage,
what we refer to as a "resilience benefit." In particular, demonstrating a strong resilience benefit
should attract private investors interested in significant resilience in addition to an attractive
risk-return profile. To facilitate private investments in adaptation projects, we have developed a
framework for assessing the resilience benefit of adaptation projects, which is a part of S&P
Global Ratings' Green Evaluation.
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What Are Adaptation Projects?

Adaptation projects aim to strengthen the resilience of buildings, critical infrastructure,
and communities against the risk of extreme weather or longer-term shifts and variability
in weather patterns caused by climate change. The world is going to need to adapt to
greater heat and water stress, more severe droughts, floods, storms, and forest fires that
climate change is expected to bring. Strengthening flood defenses is probably the most
common adaptation investment, in particular in coastal areas to protect against the impact
of increased storm surges due to rising sea levels.

An adaptation project could involve hard engineering infrastructure, for example, a flood
wall; a nature-based solution such as wetland restoration; or soft infrastructure, like
development of an early-warning system. The project size could range from a very large and
complex to small and local. The sole purpose of a project could be improvements in
community resilience, for example, flood defense. Or, a project could be an add-on to
another project to ensure that it is climate resilient, for example, investing an additional
amount to ensure that a new building is resilient to extreme weather events.

Our View Of The Resilience Benefit

We base our evaluation of an adaptation project on the increase in resilience the project is likely to
provide for the covered geographical area or asset base. This results in an adaptation score (see
chart 1 and "Green Evaluation Analytical Approach," published on April 26, 2017).
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Our resilience benefit assessment considers damage caused by extreme weather events or due to
longer-term shifts and variability in weather patterns caused by climate change. We calculate the
added resilience a project offers by estimating the reduction in expected damages that the
infrastructure funded by the green bond is designed to achieve over the targeted period. It is
based on analysis performed by an entity, to which we may apply quantitative adjustments. This is
known as the resilience benefit.

- First, we assess the environmental benefit on a five-point scale based on the resilience benefit
ratio (see table 1). We define this as the ratio of the resilience benefit and the financing derived
from the bond's proceeds.

- Second, we modify the evaluation score determined in the first step, based on our qualitative
view of the adequacy of an entity's quantification approach to determining the resilience
benefit.

- Third, we may apply additional adjustments in certain cases--for example, for projects in
developing countries where the resilience benefit may be understated because the likely
significant social benefits are difficult to quantify. (For a detailed description of the analytical
process please refer to "Green Evaluation Analytical Approach.")

To understand how we apply the approach in practice, through two hypothetical case studies, see
the Appendix.

In determining the resilience benefit, we first review the analysis an entity has already performed
where it has quantified the benefit expected as a result of the capital expenditure. Typically, this
analysis is part of the design process and is used to assess a project's viability. In our view,
resilience benefits go beyond financial gains and include reduction in humanitarian and ecological
damage, both directly and indirectly.

Although it is often difficult to put a financial value on those benefits, experts in the adaptation
field have developed methodologies to capture these elements. And to the extent that these
factors are reflected in the benefit analysis that an entity performs, we include them in our
adaptation analysis.

Table 1

Resilience Benefit Scale

Resilience level Range of resilience benefit ratio

1 >=4

2 >=3 & <4

3 >=2 & <3

4 >=1 & <2

5 <1

Source: S&P Global Ratings.

The Green Evaluation

However, the resilience benefit is not the only element we consider when applying our Green
Evaluation methodology to adaptation projects and their financing. We also incorporate our
assessment of the financing's Transparency and Governance to determine the R score. The R
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score is on a scale of R4 to R1 (or 0 to 100), where R4 represents a lower resilience level and R1
represents a higher resilience level.

In assessing Transparency, we look at the quality of reporting on the financing instruments.
High-quality reporting enables investors and other stakeholders to understand and evaluate the
governance of a transaction, as well as determine whether the promised environmental targets
and performance are being achieved. With Governance, we look at the procedures in place to
manage proceeds allocation and to evaluate environmental impact over the life of the assets. The
Green Evaluation R score is therefore a weighted aggregate of three scores: a Transparency score;
a Governance score; and either a Mitigation score (measuring environmental impact) or--in this
case--an Adaptation score (measuring the level of resilience; see chart 2).

Based on our scale, projects with a resilience benefit above two times the cost and with average
level of Transparency and Governance can achieve the top two levels of our resilience scale.

Chart 2

Ultimately, adaptation projects aim to reduce exposure to and manage the impact of natural
catastrophes by, for example, making communities and critical infrastructure more resilient to the
risk of extreme weather events due to climate change. Our Green Evaluation analytical approach
makes a determination of the resilience benefit that may be achieved through the use of proceeds
assigned to any given adaptation project.
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Appendix: How We Determine Resilience Level

Here, we outline how we evaluate resilience based on two hypothetical examples drawing broadly
on publicly available project documents.

1. Flood diversion project

The diversion project is a river diversion channel in the U.S. with total financing of $1 billion. This
project will reduce the height of a 100-year flood from 12 meters to 8 meters and the height of a
500-year flood from 15 meters to 11 meters at a major city.

Step 1: Quantitative analysis. The estimated resilience benefit ratio is 2.6x, given the estimated
reduced damages and economic benefits of $2.6 billion and total cost (including maintenance) of
$1 billion. The benefit assessment is based on well-established stochastic flood-modeling
methodology and was executed by a respected engineering consultancy. An expert panel of six
academics was consulted to decide on the allowance for climate change in the modeling. In
determining the resilience benefit, we didn't apply any quantitative adjustment. This is because
we do not consider that any major assumption may overstate the overall level of the benefit.

Step 2: Adequacy of the quantification of the resilience benefit. In this step, we determined that
no adjustment to the resilience level from the first step was required. That's because we assessed
the quantification approach as adequate. The modeling captures all of the elements listed in our
evaluation framework, without material deficiencies that may materially overstate the benefit. At
the same time, we do not consider that all of the elements are considered in a sufficiently detailed
way, in particular the lack of explicit allowance for climate change, to warrant a robust
assessment. However, this is mitigated by the fact that climate variability is taken into account.
Furthermore, while the academic panel suggested that climate change is modeled explicitly, it
also considered that the impact of climate change is not material.

More specifically, the adequate assessment of the quantification approach reflects that:

- Scope of the model: We consider that quantification allows for all material benefits and
negative impacts of the adaptation project.

- Modeling approach: The modeling is based on an industry standard stochastic model,
performed by independent parties.

- Key modeling assumptions: We consider that the assumed modeling period and maintenance
and financial assumptions are well-justified and appropriate.

- Data: We consider that the model is calibrated based on a long event history.

- Vulnerability modeling: We consider that the model uses well-calibrated vulnerability
assumptions, which are based on standard industry modeling approaches and calibration, with
appropriate adjustments being applied.

- Exposure data: We consider that the model uses adequate exposure data as it uses detailed
exposure databases and field surveys to check and enhance it.

- Modeling exposure growth: We consider that the model adequately allows for exposure growth
by explicitly allowing for planned growth in the area.

- Reflecting climate change and variability: While climate change is not captured explicitly, we do

www.spglobal.com/ratingsdirect December 7, 2018       5

Determining The Resilience Benefit Of Climate Adaptation Financing



not consider that this will materially affect the assessment. That's because the impact of
climate change is unlikely to be material, according to the panel. The view also supported by the
findings of the U.S. National Climate Assessment. Furthermore, we consider that the lack of
explicit allowance for climate change impacts is mitigated by the fact that climate variability is
taken explicitly into account.

- Reflecting modeling uncertainty and sensitivity analysis: The model explicitly allows for
uncertainty in key assumptions. In determining the key assumptions, sensitivity analyses have
been performed.

Step 3: Adjustments for adaptation projects in developing countries. This adjustment is not
applicable as a probabilistic benefit analysis is performed, and the adaptation project is not in a
developing country.

Overall assessment. The overall assessment is resilience level 3 based on the calculated
resilience benefit ratio of 2.6, with no further quantitative and qualitative adjustments having
been applied.

2. Project to elevate houses to reduce flood risk

A very large city in Asia is exposed to frequent, severe flooding due to extreme rainfall events. This
$100 million project, which focuses on a densely populated and economically important area of
the city where flooding occurs most frequently, aims to improve the resilience of a typical
middle-income home by elevating the properties by one meter. The project doesn't include
low-income housing because flood risk management would normally require a complete rebuild or
relocation.

Step 1: Quantitative analysis. The benefit assessment is performed on a probabilistic basis by an
academic institution. The resilience benefit is calculated under a range of different scenarios
based on a combination of different time horizons, discount rates, and hazard rates. In our
assessment, we used the low hazard due to the uncertainty in the hazard calibration to minimize
the risk of overstating the benefit. We used a 25-year time horizon, as we consider that the benefit
of the improved resilience will materialize over that period. We have adjusted the discount rate
based on a 25-year government bond yield at the time of the analysis as a more appropriate
measure of the time value of money. This leads to our estimate of a $320 million resilience benefit,
which doesn't include humanitarian and ecological benefits. Therefore, the adjusted resilience
benefit ratio is 3.2x, which corresponds to resilience level 2.

Step 2: Adequacy of the quantification of the resilience benefit. We assess the quantification
approach as less than adequate because of, in our view, material modeling deficiencies, and
therefore we consider the modeling uncertainty high. This high modeling uncertainty could
increase the risk of the benefit being materially overstated. Those deficiencies include a simplified
modeling approach, insufficient quality and quantity of calibration and exposure data, and the
lack of allowance for climate change.

More specifically, we assess all the elements listed in our evaluation framework as follows:

- Scope of the model: The quantification allows only for the direct financial impact on property
from increased resilience to flood. The impact on household assets, loss of livelihoods, and
broader indirect losses from disasters are not allowed for.

- Modeling approach: The relatively simple stochastic model is limited by the availability of data
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for calibration and validation. Nevertheless, it uses standard flood hazard and loss modeling
but with simplified exposure modeling. On the other hand, the benefit assessment quantifies
the impact of different levels of hazard modeling, which gives us comfort about the level of
modeling uncertainty.

- Key modeling assumptions: The assessment is performed with a number of assumption sets,
which allows us to select the basis which we consider most appropriate.

- Calibration data: The calibration data used are limited.

- Vulnerability modeling: The vulnerability modeling is simplified and based on a model
developed for use in the U.S. but adjusted for local conditions due to the lack of suitable data to
build a robust vulnerability model.

- Exposure data: The exposure data used are limited and based on average type, value, and
location. The main data source is Google Earth. However, the modeling of higher- and
lower-hazard locations gives us insights about the materiality of that simplification.

- Modeling exposure growth: This is not modeled explicitly, but is not a key parameter as the
assessment is done for each house.

- Reflecting climate change and variability: Climate change is not captured.

- Reflecting modeling uncertainty and sensitivity analysis: The valuation includes sensitivities to
two levels of hazard location, two time horizons, and two discount rates.

Step 3: Adjustments for adaptation projects in developing countries. The first adjustment is not
applicable because a probabilistic benefit analysis is performed. The second adjustment is
applied, however, because the project is in a vulnerable area occupied by middle-income families
in a developing country. Furthermore, the benefit assessment recognizes significant social
benefits, but due to simplicity of the analysis performed, those benefit were not captured. The
adjustment also reflects that the resilience ratio is at the very high end of the range for its
resilience level.

Overall assessment. The overall assessment is resilience level 2, reflecting a resilience benefit
ratio of 3.2x, a downward adjustment for a "less than adequate" quantification approach, and an
upward adjustment for the amount of expected social benefits not explicitly captured.
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