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THE BOTTOM LINE

The Decision Tree offers a cost-
effective, scientifically sound,
replicable, and transparent
method for demonstrating the
robustness of a development
project in the face of the risks
posed by climate change,
natural hazards, and other
factors. The framework is most
effective when a wide range of
risks must be considered, as is
typically the case with high-value
hydropower investments. In
order to gain maximum benefit
from the framework, it should
be conducted at both project
and basin scale, first to answer
questions immediately relevant
to investors and then to provide
perspective on alternative
investment portfolios that may
yield greater returns.

Toward Climate-Resilient Hydropower in South Asia

Planning for climate change is critical to protect—
and increase—returns on the significant investment
being made in hydropower

More than 80 percent of South Asia’s hydropower potential remains
untapped, and the countries of the region are depending on its
development as a source of affordable renewable energy. Yet climate
change threatens that development. Practical means of gauging the
possible effects of climate change on hydropower projects would
improve the Bank's investment decisions while also furthering its
clients” understanding of and resilience to climate change and cli-
mate-related disasters through intelligent design and careful planning.

In December 2015, the United Nations Climate Change
Conference (COP 21) in Paris placed high priority on building and
strengthening the resilience of infrastructure projects. In response to
this, the Office of the Chief Economist at the World Bank is launching
an initiative called "Enhancing Climate and Disaster Resilience
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of World Bank Sustainable Development Operations.” The work
described here is part of that initiative.

Since its seventeenth replenishment in 2013, the International
Development Association has required that all country partnership
frameworks include an analysis of climate and disaster risks. Once
the country agrees to the framework, climate considerations must be
incorporated into the content of programs and results frameworks.
All new IDA operations must be screened for short- and long-term
climate change and disaster risks and, where risks exist, must
integrate appropriate resilience measures.

In light of the foregoing imperatives (and in response to internal
suggestions ) the World Bank’s Energy and Extractives Global
Practice, with support from the Asia Sustainable and Alternative
Energy Program (ASTAE) and the South Asia Water Initiative (SAWI,
a partnership between the World Bank and Governments of United,
Kingdom, Australia and Norway), launched an effort in 2013 to better
understand the impacts of climate change on hydropower and to
take stock of various ways to measure and boost the resilience of
relevant projects.

The Practice began by analyzing several hydropower projects
and observing how climate change had been addressed in the past.
The team leader then formed a multidisciplinary team across global
practices and initiated a Bank-wide consultation process.

The Energy and Extractives team quickly discovered that Bank
units had various ways of screening for climate and disaster risk;
there was no standard method for assessing the significance of
climate risk or of forecasting climate conditions that might affect
hydropower development. In an effort to fill this gap, Diego Rodriguez
and his team in the Bank’s Water Global Practice, supported by the
Water Partnership Program, developed a conceptual framework
known as the Decision Tree to guide project planners in applying
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the technigues of “decision making under
uncertainty” (DMU) to the assessment and
management of climate change risk.

Figure 1. The Decision Tree, an approach to decision making under uncertainty
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Why are DMU and the
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“The Decision Tree helps
decision makers to assess

climate change threats
without first having

to predict the future,
understand the strengths
and limitations of projects
under a wide range of
conditions, and identify
adaptation strategies for
long-term success.

They allow for the analysis of
variables that cannot be forecasted

DMU applies multidisciplinary tools and data to
plan hydropower projects at the project, basin,
or national scale so as to ensure strong physical
and economic performance. The logic of DMU
techniques is straightforward: After identifying
future conditions that might be problematic for
the design under consideration, one then evalu-
ates to the extent possible the likelihood of their
occurrence and determines whether and how
their effects can be mitigated. The technigues
can be applied to uncertainties beyond climate
change as well, such as those surrounding
sediment loads, electricity prices, the prices of
various types of fuel, the magnitude of co-bene-
fits (such as environmental flow support or flood
control), construction costs, and projected energy demand.

DMU facilitates the resolution of conflict surrounding hydropower
development by providing (i) a transparent and accessible analysis
that invites the testing of multiple project designs and portfolios;

(ii) rigorous treatment of stakeholder views on how the future

will unfold (requiring stakeholder input to the development of the
analysis and continuing participation as new information arises); and
(iii) an opportunity to consider multiple metrics of performance that
facilitate discussion and agreement.

The Decision Tree, which is a framework for the staged appli-
cation of DMU to managing risk in general and climate change in
particular, helps decision makers to (i) assess climate change threats
without first having to predict the future; (i) understand the strengths
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and limitations of projects under a wide range of conditions; and (iii)
identify adaptation strategies for long-term success.

In contrast to other project-level assessments, the Decision Tree
focuses first on identifying a project’s vulnerabilities. If warranted,
climate projections are conducted in the final stages of analysis.
Finally, the Decision Tree offers a systematic, step-by-step way for a
project manager to decide what level of analysis is appropriate to the
project’s attributes.

The Decision Tree consists of four phases (figure 1). A project
leader moves through only as many phases as are appropriate to
the project. The overall procedure includes a feedback loop that
addresses monitoring and evaluation, both of which are essential in
the midst of a changing climate. For more details on each phase, see
Ray and Brown (2015).
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“By applying the Decision
Tree to the Upper Arun
project and a closely
aligned approach to the
Koshi basin, the usefulness
of DMU approaches was
ascertained.”

Has the Decision Tree been applied?

It has been applied at the project and basin scale—
but it can be applied even more broadly

Rodriguez’s team saw an opportunity to apply the Decision Tree
approach to the proposed Upper Arun Hydropower Project (UAHP) in
eastern Nepal (an application on the project scale) and to the overall
hydropower portfolio in the Koshi Basin (an application on the basin
scale). By applying the Decision Tree to the Upper Arun project and a
closely aligned approach to the Koshi basin, the usefulness of DMU
approaches was ascertained.

In support of the applications, the team hired external modelers
to conduct a project-level analysis of how climate change and other
variables (such as the price of hydropower supply) might affect the
project’s optimal design capacity (World Bank 2015; Ray and Brown
2015). A parallel study examined how glacial volume and the flow
of water from glaciers and snow would be influenced by changes in
temperature and rainfall (Pahuja and others 2015). A complementary
analysis of the Koshi Basin, where the UAHP is located (figure 2),
tested efficient and robust mixes of planned hydropower capacity

Figure 2. Planned hydropower projects in the Koshi Basin
examined in the basin-level study
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Source: Harou and Hurford 2015; World Bank 2015.
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within the context of a complex physical system, laying the ground-
work for future river basin and energy sector planning in Nepal
(Harou and Hurford 2015). Sediment effects were also included in the
analysis. A technical note on sediment management and a software
program called RESCON2 are being developed by Fichtner (Germany)
and will be released in early 2016.

Applying the Decision Tree at the project scale. What
risks might be faced by the UAHR, considering a prefeasibility design
of 335 megawatts (MW)? The team'’s analysis considered climate
change and other factors identified in discussions with stakeholders.
Such factors include performance metrics for project evaluation:
namely, the economic value of the project (net present value) and
the total and dry season hydropower production.

Application of the Decision Tree to the UAHP demonstrated that
the project is robust to climate change and other risks. This was
indicated by a stress test on a multistage ensemble of models that
included a weather generator, an advanced hydrologic model with a
glacier component, and a water system model that translated water
availability into hydropower production.

The general hydrologic response of the Upper Arun River to
changes in climate was as follows. The stream flow was projected
to increase as temperatures warmed by about +3C, after which the
flow decreased moderately because of declining contributions from
glacial melt. The stream flow during the low-flow season was found
to decline slightly with warmer temperatures; however, the effect
was small. The effects of a rise in temperature were far less signif-
icant than those regularly expected from changes in precipitation.
Projections for the region, of unknown credibility, indicate warmer
temperatures and no clear signal regarding precipitation.

The assessment also considered alternative (larger capacity)
designs for the UAHP. The original prefeasibility design of 335 MW
was found to be robust to the range of uncertainties considered; few
scenarios posed significant problems. But the design was not able to
exploit much of the increase in flows during the wet season. A design
capacity of 1,000 MW emerged as an attractive alternative, providing
the best combination of robustness and efficiency, including during
the dry season; however, it was also more sensitive to increases in
capital costs and electricity prices. These issues need to be carefully
addressed if this design is to remain competitive.



“Basin-scale analyses that
consider climate change
are not required by World
Bank policy, and not all
basins need this type of
analysis. However, when
basins have complex
interdependencies

and when the various
possible interventions are
contested, system-level
trade-off analysis can
help bring clarity and
consensus.”

The ranges of the input variables selected for this analysis
exceed what is deemed plausible. This is to ensure that no vulnera-
bilities are overlooked. Once vulnerabilities are identified, it can then
be decided whether the values of the variables causing them are
plausible or not. Thus, the initial ranges used do not influence the
results of the analysis. To ensure that the initial ranges exceed any
plausible values, they were developed in consultation with the Nepal
Electricity Authority and relevant literature, and included a discount
rate and cost estimates. The input variables for climate change
(temperature and precipitation) were developed based on an analysis
of historical records and with the specified intention of going far
beyond the ranges covered by the climate change projections of the
Intergovernmental Panel on Climate Change.

Not all hydropower projects need be subjected to the degree of
analysis applied to the UAHP. According to current World Bank policy,
as noted at the outset, projects must be subjected to an appropriate
level of analysis to demonstrate that they are resilient to future
climate change. The Upper Arun analysis went on to the later phases
of the Decision Tree, even after climate risks were shown in Phase
2 to be low, only because the investors and stakeholders wanted
to know if a larger design size might capitalize on the opportunities
for hydropower generation presented by more favorable conditions
(climate and nonclimate). Other projects may not require such
extensive analysis, and in general the Decision Tree can be applied
flexibly to meet stakeholders' needs.

Applying DMU approaches at the basin scale. Applying a
DMU analysis to the entire Koshi River basin demonstrates how DMU
approaches can be used to select efficient and robust combinations
(portfolios) of hydropower investments in complex interdependent
systems. Because the performance of hydropower assets depends
on factors such as river flows, water management rules, and
upstream and downstream water use, the basin-scale analysis aims
for integrated water resource management. A stakeholder-trusted
model is used to simulate the basin system over a 30-year period,
given various options for infrastructure development and operating
rules. The simulation tracks flows and storage throughout the
basin over time, as well as various engineering, economic, and
environmental metrics that quantify salient aspects of the system’s
performance. Examples of performance metrics include hydropower
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generation, irrigation deliveries, and the reliability and resilience of
the public water supply and ecological flows.

In this DMU application the river-basin impact model was linked
to a multi-criteria search algorithm that filters possible combinations
of investments and their operating modes to identify a small set
of the highest-performing portfolios (the most efficient and robust
combinations of options), given a range of uncertainties, including
climate change. This high-performing group of proposed assets and
the trade-offs between their benefits can be assessed visually and
interactively. Stakeholder-preferred investment bundles are then
stress-tested in detail to identify any vulnerabilities, including to
institutional and financial variables. Ultimately, this approach aims to
help decision makers identify which investments can achieve robust
outcomes and appropriately balance the system’s benefits.

Should every river basin be subjected to the analysis applied to
the Koshi Basin? Basin-scale analyses that consider climate change
are not required by World Bank policy, and not all basins need this
type of analysis. However, when basins have complex interdepen-
dencies and when the various possible interventions are contested,
such system-level trade-off analysis (Geressu and Harou 2015) can
help bring clarity and consensus. Most river-basin organizations
conduct basin-system simulation to aid in operations and capital
project planning (for example, in the development of water master
plans); the application of DMU methods is a natural extension build-
ing on existing tools. The sort of planning applied to the Koshi Basin
promises to be particularly useful under the following conditions:

e \When substantial new investment involving multiple sites and
infrastructure options is being considered.

e When water and water infrastructure are being used in many
ways (hydroelectric generation, municipal and agriculture supply,
flood control, and others), and when complex trade-offs between
these uses are either already apparent or could crop up (and be
challenging to manage).

e When decisions about new investments and how to make them
are sensitive to one or more uncertain factors, such as climate
change, future demand for electric power, and the price of
electricity or alternative forms of energy.
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“Climate-related impacts
have caused significant
increases in the operational
complexity and costs of
hydropower projects, but
most private investors are
unwilling to pay for the
additional costs of climate
proofing, even though the
same analysis that makes

a project or set of projects
more resilient also makes it
more bankable. The answer
lies in using blended
finance to ensure that
resiliency issues are given
the attention they deserve.”

Because almost any part of a system can affect the performance
of many or all other parts, basin-scale analysis can reveal insights
that are surprising and would not emerge from simpler, independent
analyses with a smaller scope.

What next?

Toward a programmatic approach to climate change
and hydropower projects in South Asia

The use of DMU to screen operations for short- and long-term
climate change and disaster risks at the project and basin level is
part of the World Bank’s broader, systematic approach to climate
change and hydropower projects in South Asia (figure 3). Our next
step will be to develop detailed guidelines on building the resilience
of the sector.

By 2035, an additional 750 gigawatts (GW) of hydropower
capacity is expected to be added around the world, requiring over
$1.2 trillion in new investment in countries outside the industrialized
countries of the Organisation for Economic Co-operation and
Development. Many of the new facilities in question will be located
in climate-vulnerable areas. Yet, even in the face of high demand, no
product on the market adequately supports the “climate proofing” of
new and existing hydropower facilities. Climate-related impacts have
caused significant increases in the operational complexity and costs
of hydropower projects, but most private investors are unwilling to
pay for the additional costs of climate proofing, even though the
same analysis that makes a project or set of projects more resilient
also makes it more bankable (by reducing risk).

The answer lies in using so-called blended finance to ensure that
resiliency issues are given the attention they deserve.

The methods applied to the Upper Arun case study have
been replicated by Haru Ohtsuka, an investment officer at the
International Finance Corporation (IFC), in a privately financed 218
MW hydropower project called Upper Trishuli A in Nepal. In that
project, the Pilot Program for Climate Resilience (PPCR, a climate
investment fund) and the IFC (as an implementing entity for the
PPCR) committed to an initial equity investment that incorporated
an assessment of climate change adaptation. The assessment
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included the identification of design changes needed to make the
hydropower plant resilient to future climate change. A further PPCR
coinvestment linked to the additional cost of adaptation measures is
being considered.

By providing long-term financing and investing in local currency,
blended finance investments such as the PPCR seek to mitigate the
financial risks of project developers—risks that are known to hinder
the development of climate-resilient infrastructure for hydroelectric
facilities. It is expected that these blended finance investments will
help establish a track record for the development of climate-resilient
hydropower capacities, sending a positive signal to investors and
financiers looking to enter the hydropower sector. By demonstrating
the bankability of climate-resilient hydropower, these investments
can catalyze significant further investment in the sector on a
commercial basis.

Figure 3. Elements of a systematic approach to climate change
and hydropower projects in South Asia
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