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FOREWORD

Dominic Chavez / World Bank

B Foreword

cross the globe, droughts are becoming more

frequent, severe, and widespread. They put

economies, livelihoods, and lives at risk. Their
impacts are both explicit and insidious, ranging from lack of
potable water to reduced crop yields to lower educational
outcomes and economic productivity. Because droughts are
typically slow to develop and reveal their full impacts, action
tends to be delayed until it's too late. The only option then is
disaster relief. And yet, as the drought passes and recovery
efforts cease, it’s easy for the public to lapse back into a state of
complacency. That is, until the next drought episode occurs and

the cycle of panic and crisis response begins again.

The best way to avoid this costly cycle is to take steps to
manage drought risks before they manifest. To do that, we need

a robust plan of action.

That’s why I'm pleased to present the Drought Risk and Resilience
Assessment Methodology (DRRA). It's a framework for action that

brings together knowledge and best practices from the world of

drought management, with a focus on proactive planning. Paired

with other services in the World Bank’s drought portfolio, this tool
can help governments and communities identify key areas where
they can prioritize resources and investments to build resilience
to drought. It can be tailored to any country’s situation—whether
the country is in the grip of drought, susceptible to seasonal
dry spells, or anticipating a future where drought becomes

widespread in its region.

We cannot prevent drought, but together we can prepare better
for it. Preparation empowers us with more choice in times of
crisis—and that, in a world of climate impacts where much is

uncertain, brings some peace of mind.

Saroj Kumar Jha
Global Water Director
World Bank Group
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EXECUTIVE SUMMARY

B Executive Summary

he Drought Risk and Resilience Assessment (DRRA)

framework provides guidance for assessing drought

risk and identifying interventions for increasing
drought resilience. The methodology is built on four blocks,
which consist of 10 sub-blocks that describe a comprehensive
and structured approach to strengthening drought responses
and preparedness. The DRRA considers context by scoping
implementing institution capacity and organization, client, donor
and partner engagement, and coordination across governments
in the given jurisdiction. Overall drought risk is then assessed by
characterizing past and future drought hazards, impacts, and
vulnerabilities, followed by a gap analysis reviewing current
drought response and preparedness measures to comprise
the resilience assessment. The last step is identifying and
prioritizing possible investments to alleviate drought risk and
foster resilience. The DRRA is flexible in that it allows individual
applications to be tailored to different country contexts and
builds on existing datasets, studies, analyses, and programs
while focusing on specific needs and priorities. Instead of
replicating existing methodologies and tools, the DRRA brings
them together, fills gaps, and points implementers to suitable
resources that can inform the assessment in a specific region or
country. The objective of the DRRA is to provide a handbook for

transitioning from reactive to proactive drought management.

Droughts have been increasing in frequency, duration,
and global coverage, impacting approximately 55 million
people annually. Since 2000, drought frequency and
duration have risen by a third (UNCCD 2022a). Projections
indicate that land areas and populations facing extreme
droughts could increase 7-8 percent by the late 21st century
(Zaveri, Damania, and Engle 2023). In the last five decades,
the number of “dry shock” episodes has increased by about
233 percent (Damania et al. 2017). Such dry spells have
ramifications for many sectors of the economy, disrupt
ecosystems, and have a lasting impact on human well-being.
Due to their cascading and wide-ranging impacts, droughts are
known to be the most complex and severe weather-related
hazard. Studies indicate that droughts are disproportionally

detrimental to the Global South and its economic growth.

It is estimated that droughts have reduced gross domestic
product per capita growth rates in developing countries by

0.39 percent to 0.85 percent (Zaveri, Damania, and Engle 2023).

Droughts manifest as slow-onset disasters, which are typically
associated with delayed disasterreliefresponses. Althoughtheir
impacts could be lessened with timely and coordinated action,
droughts historically have been overlooked until they develop
into full-fledged emergencies. More recently, flash droughts, the
more rapid-onset counterpart of more “conventional” droughts,
have received increasing attention. Importantly, the extent
of drought impacts can be best mitigated by implementing
drought management plans. Donald Wilhite (2012) coined the
term “hydro-illogical cycle” to describe the reactive nature of
drought management that entails broad awareness of droughts
only once the event has reached a critical stage and that turns
into apathy in times of wetter periods. However, planning for
droughts in non-drought periods can reduce or even avoid
impacts, minimizing physical and emotional suffering in the

process (De Nys, Engle, and Magalhades 2017).

The World Bank has developed the DRRA as a cross-sectoral
coordinating mechanism for prioritizing drought investments
to help countries transition from reactive to proactive
drought management. The DRRA builds on previous reports
by the World Bank and on internationally recognized concepts,
such as the “three pillars approach for drought resilience”:
(1) monitoring and early warning, (2) risk and impact assessment,
and (3) risk mitigation, preparedness, and response. The DRRA
consolidates methodologies, such as Assessing Drought Risks
and Hazards and the EPIC Response framework, to provide
comprehensive and systematic guidance for understanding and
managing droughts. In addition, the DRRA is designed to draw
from and inform broader climate resilience assessments, such
as the World Bank Climate Change and Development Reports
(CCDRs) and the Adaptation and Resilience Diagnostics. In
that it aims to identify measures to reduce drought risks and
impacts before an event occurs, the DRRA is different from the
Post-Disaster Needs Assessment (PDNA), which is conducted

following a drought crisis to understand relief measures.
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The DRRA prioritizes investment options in the context of
country-specific or regional capacities, impacts, vulnerabilities,
and needs across a range of relevant sectors and systems.
The DRRA will help countries assess drought risks and costs
or damages (including avoided costs) to justify and prioritize

investment options.

This report targets task teams, sector specialists, and their
client counterparts to facilitate collaborative programming
for drought resilience. Implementation of the methodology

requires deep knowledge of drought management, country

FIGURE ES1

context, and sector specifics. Deploying an interdisciplinary and
intersectoral team is paramount to ensure the methodology’s

successful application and to identify suitable interventions.

This report permits users to quickly compare available
analytical tools. It brings together established and often
complementary tools for each DRRA sub-block (figure ES.)
and provides guidance for selecting and combining them. It
references case studies illustrating implementation of each
building block.

Building Blocks and Sub-Blocks of the Drought Risk and Resilience Assessment

Block Il

Scope coordination and capacity

Scope coordination within the implementing institution

Assess drought risk

Assess current and recent drought hazards

Evaluate current resilience

Evaluate current drought response

Scope coordination between government, donors, development
partners, and other stakeholders

Scope coordination across government

Assess main trends of future drought hazards
Assess current and recent drought impacts

Assess country/region vulnerability to drought

Evaluate current drought preparedness

Source: Original figure for this publication.

DROUGHT RISK AND RESILIENCE ASSESSMENT METHODOLOGY ix

AIVINANS FAILNDIX3



EXECUTIVE SUMMARY

The DRRAis embedded inits regional and institutional context,
defining its success. A preliminary participatory scoping
exercise determines in which context a DRRA is conducted.
First, the scoping must consider the collaboration and interest
of local agencies and various sectors’ stakeholders in upgrading
drought management. It must then judge the readiness and
capacity of ongoing government, donor and stakeholder
engagement and coordination in the given country. Organizing
a workshop that brings relevant external and internal, as well as
cross-sectoral, stakeholders to the table can ensure inclusivity
and understanding of both challenges and opportunities. The
workshop is helpful in identifying existing work and studies
that can inform the assessment while avoiding duplication of
efforts. The outcome of this scoping exercise (block I) will lay
the groundwork for and set the direction of the DRRA and will
align priorities for and expectations regarding implementation
objectives. Furthermore, as the first building block of the DRRA,
this exercise ensures stakeholder involvement, buy-in, and

ownership, which are essential for its success.

Comparing hazard characteristics with knowledge of drought
impacts and vulnerabilities reveals drought risk hotspots that
inform prioritization of efforts and resource allocation. Drought
risk results not only from hazards, but also from exposure and
vulnerability. Generally, the risk of drought causing damage
and socioeconomic/ecological losses reflects the severity and
probability of occurrence, exposure, and vulnerability (Vogt et
al. 2018; Limones et al. 2020). By conducting a drought risk
assessment (block Il), teams can identify where the drought
hazard is most significant and the areas and sectors that
are the most vulnerable to drought. The DRRA emphasizes
understanding of drought risk and recommends a thorough
assessment of each of the elements of overall risk, as dictated by
data and information availability, as well as time and resources.
The recommended methods are (1) qualitative risk assessments,
(2) empirical semi-quantitative assessments, and (3) data-
driven quantitative assessments. The World Bank conducted a
machine learning-based, data-driven drought risk assessment
in Romania that applied the European Commission’s EDORA
Framework to show how drought hazards can lead to impacts,
to identify thresholds-of-hazard indices that trigger impacts in
different sectors, and to determine the likelihood of respective

anomalies being experienced due to drought.

Understanding hazard characteristics and trends of future

droughts lays the foundation for informed decision-
making. A DRRA may start with an analysis of historical or
current drought hazard metrics and thus look at precipitation,
evapotranspiration, flows, vegetation conditions, soil
moisture, and other parameters. The analysis is followed by
an assessment of future drought hazards, including climate
change projections. Due to the complexity and multifaceted
nature of droughts, use of several indices and indicators is
recommended to characterize drought hazards. The DRRA
framework offers four approaches: (1) using the data and
knowledge from an established drought monitoring system in
the country/region, (2) relying on drought portals that provide
temporal maps of indices, (3) working with preprocessed
indices served in web portals, and (4) constructing indices with
on-the-ground information from local agencies. The selection
of approaches will depend on data availability, resources
allocation, and time constraints. Where drought monitoring
systems do not exist, their establishment is recommended. For
example, Brazil developed a drought monitoring system that
measures indicators on a monthly basis, and depending on

pre-defined thresholds, helps trigger specific actions.

Drought impacts evolve gradually and are thus often not
immediately evident. Droughts affect all economic sectors,
individuals, communities, society as a whole, and various
ecosystems. Their impacts can range from stunting due to
malnutrition, to the death of hundreds of dolphins in the Amazon
due to low water flows, to community anxiety associated with
water shortages and failing crops. Unless the DRRA has a
clear sectoral focus, all potential drought impacts should be
assessed. Knowledge of these impacts reveals drought risk
hotspots and vulnerabilities that inform the prioritization of
efforts and resource allocation. Information on drought impacts
can be gained through drought impact chain identification,
estimation of drought macroeconomic impacts, human impact
assessments, PDNA/Damage and Loss Assessments, or simply
a review of an existing impact database or monitoring system
in the country. Additional tools and methodologies for drought
impact assessments range from established impact database
monitoring systems in the country or region to remote sensing-

based analyses.
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A high level of vulnerability to drought threatens livelihoods
and capacity to meet the most basic needs. Although drought
impacts are felt across society, impacts manifest to varying
degrees, depending on the level of vulnerability. Vulnerability
can be understood as a system’s susceptibility to and inability
to handle the adverse effects of drought. The DRRA should
include an assessment of vulnerability, which aims to determine
what causesrisk and how itis managed. By indicating areas with
the highest needs, this assessment will inform prioritization of
drought responses and preparedness measures. King-Okumu
(2019) categorizes vulnerability assessments as one of three
types: (1) people-centered, (2) land-based mapping and models
of ecosystem-service production, or (3) hydrometeorological
assessments, including water balance accounting. The DRRA
provides a comprehensive overview of ways vulnerability can

be evaluated.

Investments in drought preparedness and pre-arranged
responses maximize

Notably,
approaches, and methodologies rarely account for current

drought risk management and

resilience. drought-risk assessment toolkits,
drought response and preparedness and how these systems
can be best upgraded, thereby missing the resilience

dimension. Approaches to resilience assessment (block llI)

include (1) desk-based stock-taking of drought response and

World Bank

drought preparedness mechanisms, (2) in-depth assessment
of drought management plans and climate adaptation
actions, and (3) identification of key program areas around
which to prioritize investments relevant to drought. The EPIC
Response framework provides a template to identify the
relevant stakeholders and program areas while gauging their
level of development and effectiveness. To identify drought
investments, drought risks (block Il) must be mapped against
the current level of drought resilience and challenges facing

the current drought management system (block lll).

Systematically assessing the benefits of drought investment
options permits the efficient allocation of limited resources to
areas where they can make the most significant impact. The
DRRA results in a list of evaluated and prioritized investment
options to mitigate drought risk and build resilience (block IV).
To properly assess investment options, the long-term benefits of
a program or project must be weighed against costs. Assessing
the benefits entails comparing project outcomes with expected

drought impacts in the business-as-usual scenario.

This report is intended to guide collaborative program
development. The report will be updated to reflect lessons from

DRRA implementation in various country and regional contexts.
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INTRODUCTION: UNDERSTANDING DROUGHT DISASTER MANAGEMENT AND EXISTING APPROACHES

1.

1.1 Droughts Are Complex and
Often Ignored for Too Long

Although droughts pose significant risks to the economy,
society, and ecosystems, their impacts are not easily assessed,
and many actual losses are unaccounted for. Against the
backdrop of climate change and population growth, droughts
exacerbate existing strains on water resources. Smirnov et al.
(2016) attribute 60 percent of the projected increase in drought
exposure to climate change, 9 percent to population growth,

and 31 percent to the interaction of the two.

Dry episodes have beenincreasing in both frequency and global
coverage. Drought frequency and duration have risen by a third
since 2000. Globally, an estimated 55 million people a year
are affected by droughts (UNCCD 2022a). In 2022, the United
Nations (UN) warned that approximately 22 million people in the
Horn of Africa were at risk of starvation (Rodella, Zaveri, and
Bertone 2023). Empirical estimates show that droughts have
a disproportionate impact on developing countries and their
economic growth. Zaveri etal. (2023) found that droughts reduce
gross domestic product growth per capita between 0.39 percent
and 0.85 percent, on average. Projections indicate that land
areas and populations facing extreme droughts could increase
7-8 percent by the late 21st century (Zaveri, Damania, and
Engle 2023). In the last five decades, the number of dry shock
episodes has increased by about 233 percent (Damania et al.
2017). Climate models project an upward trend in the occurrence
of heat and drought events, which will cause production losses
and tree mortality. Widespread incidents of food insecurity and
malnutrition have already increased in Africa and in Central and
South America (IPCC 2022).

Although drought events made up 6 percent of all the disasters
that occurred between 1970 and 2019, they caused 7 percent
of reported economic losses and accounted for 34 percent
of all reported deaths (WMO 2021). In the same period, more
than 90 percent of climate-related deaths occurred in the
global south (UNCCD 2022a). Women who experienced large
dry shocks in their infancy are 29 percent more likely to have

children suffering from anthropometric failure. In turn, children

who witnessed large dry shocks in infancy are more likely to
suffer long-term health impacts reaching into adulthood and to
have an increased likelihood of being stunted. In Sub-Saharan
Africa, it is estimated that more than 35 percent of children

under the age of five are stunted (Damania et al. 2017).

Drought impacts are felt across ecosystems, such as freshwater
and coastal ecosystems, which suffer from reduced water
flows. A drought in the Amazon led to the death of hundreds
of dolphins in 2023 (Santos de Lima et al. 2024). Despite their
magnitude, the effects of drought are often under-reported
and ignored, translating into slowly unfolding disasters that
can grow into full-fledged emergencies across sectors and
segments of economies (Staupe-Delgado 2019). Drought
does not elicit the same immediate response from the public
or motivate as much political action as other natural disasters.
Given their slow onset and wide-ranging and cascading
impacts, droughts are often considered the most complex and

severe weather-related hazard.

Droughts can be characterized as meteorological, agricultural,
hydrological, environmental, or socioeconomic droughts
and can have distinct characteristics and implications across
sectors.! The sectors suffering directly or indirectly during
water

production, supply,

energy production, transportation and tourism, human health,

droughts include agricultural

biodiversity, and natural ecosystems. Crucially, drought
risks and the indices and (geo)statistical analyses used to
understand these risks may differ significantly, depending on
the primary concern, whether it be public health, agriculture
and crop losses, water supply, hydropower, manufacturing and

industries, or something else.

Figure 11 depicts the full cycle of disaster risk management
incorporating both risk and crisis management elements. Box 11
describes some of the most relevant terms used throughout

this report.

Additional concepts not included in box 11 include flash
droughts and “precipitation/evaporation sheds.” Although these
concepts are not a focus of this report, they can impact water

availability and are thus briefly outlined in box 1.2.
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FIGURE 11

Cycle of Disaster Risk Management
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Source: Adapted from De Nys, Engle, and Magalhdes 2017.

BOX 11

Drought-Related Terms Used in this Report

DROUGHT: Period of abnormally dry weather sufficiently prolonged to cause a serious hydrological imbalance
(WMO 1992).

ARIDITY: When precipitation is insufficient for maintaining vegetation, an area is considered arid. Aridity
is measured by comparing long-term water supply (precipitation) with long-term average water demand
(evapotranspiration) (Cap-Net et al. 2020).

WATER SCARCITY: An imbalance between the supply and demand of freshwater in a specified domain (country,
region, catchment, river basin, and so on) as a result of a high rate of demand compared with available supply, under

prevailing institutional arrangements and infrastructural conditions (FAO 2012).

WATER SHORTAGE: A shortage of water supply of an acceptable quality; low levels of water supply, at a given place
and a given time, relative to design supply levels. The shortage may arise from climatic factors or other causes. For a
comparison of definitions related to water shortages see figure B1.1 (FAO 2012).

(box continues next page)
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1. INTRODUCTION: UNDERSTANDING DROUGHT DISASTER MANAGEMENT AND EXISTING APPROACHES

BOX 1.1 (continued)

VULNERABILITY: The degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes (Nakicenovic et al. 2000). Vulnerability is a function of
the character, magnitude, and rate of climate variation to which a system is exposed, the system'’s sensitivity, and

the system’s adaptive capacity. Vulnerability is often understood as the opposite of resilience.

REACTIVE DROUGHT MANAGEMENT: A reactive approach to drought management is equivalent to crisis
management: it includes relief measures and actions taken after the start of a drought event. This approach
is adopted in emergency situations and can lead to inefficient technical and economic solutions caused by
time constraints that inhibit a thorough evaluation of options and stakeholder participation. Reactive drought
management does little to reduce drought impacts caused by future drought events (Vogt et al. 2018).

PROACTIVE DROUGHT MANAGEMENT: A proactive approach to drought risk management includes the design,
with stakeholder participation, of appropriate measures and related planning tools in advance. The proactive
approach is based on both short-term and long-term measures and includes monitoring systems for a timely
warning of drought conditions, identification of the most vulnerable members of the population, and tailored
measures to mitigate drought risk and improve preparedness. The proactive approach entails the planning of
necessary measures to prevent or

minimize drought impacts in advance.

Proactive drought management is FIGURE B1.11

reflected in the three pillars of integrated Types of Water Shortages Based on Context
drought management (Vogt et al. 2018). and Driving Forces
RESILIENCE: IPCC (2023) defines Context

resilience as “The capacity of Temporary water imbalances Permanent deficiencies

interconnected social, economic and
ecological systems to cope with a
hazardous event, trend or disturbance,

responding or reorganizing in ways

Natural

Drought
that maintain their essential function,

identity and structure. Resilience is a
positive attribute when it maintains
capacity for adaptation, learning and/or
transformation.”

The Integrated Drought Management

Water shortages Desertification

Programme provides a glossary of

Process
(Environmental transformation)

Man-made

drought-related terms.?

@ Integrated Drought Management
Programme, “Glossary,”

https://www.droughtmanagement.
info/find/glossary/. Source: Adapted from Karavitis et al. 2014.
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BOX 1.2

How Flash Droughts and Precipitation/Evaporationsheds Impact Water Availability

CLIMATE CHANGE WILL FUEL THE FREQUENCY OF FLASH DROUGHTS

Droughts are typically characterized as disasters in slow motion, distinguishing them from other types of disasters,
specifically rapid-onset events such as floods. Recently, flash droughts, such as one in 2012 in the United States
that caused more than US$30 billion in economic losses (Yuan et al. 2023), have garnered attention. Flash
droughts are characterized by their rapid onset, challenging drought monitoring and forecasting, as well as the
implementation of drought mitigation measures. Otkin et al. (2018) proposed that flash droughts be defined on

the basis of the rate of intensification at which they unfold, which can be a matter of weeks. Flash droughts often
develop when below-average precipitation is followed by elevated evaporation caused by high temperatures,

low humidity, strong winds, sunny skies, and decreased soil moisture (see figure B1.2.1). A combination of these
conditions can result in the rapid development of flash droughts, which could develop into other types of droughts,
such as hydrological or agricultural droughts, or which could trigger and interact with compound extreme events,

such as heat waves or wildfires.

FIGURE B1.21

Climatic Conditions Leading to Flash Droughts
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Source: Adapted from Parker and Gallant 2021.

Climate change contributes to a rising risk of flash drought occurrences and, thus, to the frequency of impacts
felt across society, ecosystems, and the economy. The agriculture sector is especially impacted by flash droughts,
and projections show that cropland areas affected by flash droughts will increase across all continents (Christian
et al. 2023).

(box continues next page)
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1. INTRODUCTION: UNDERSTANDING DROUGHT DISASTER MANAGEMENT AND EXISTING APPROACHES

BOX 1.2 (continued)

Christian et al. (2023) indicate that flash drought frequency will increase on a global level with greater fossil
fuel use and higher radiative forcing. In addition, elevated risks of flash droughts over cropland have been
reported. Finally, studies indicate that in addition to occurrence, both the duration and severity of flash droughts
will increase; precipitation decreases are combined with greater flash drought frequency in the Amazon, Iberian
Peninsula, and Anatolia (Christian et al. 2023). Furthermore, a review of drought events between 1951 and 2014
indicates that sub-seasonal droughts, influenced by anthropogenic climate change, have developed faster and
transitioned globally to flash droughts (Yuan et al. 2023).

ATMOSPHERIC WATERSHEDS CONNECT REGIONS THROUGH FLOWS OF WATER VAPOR

Understanding and sustainably managing water resources usually involves studying the water cycle and hydrology
within a specific country, river basin, or watershed. Key parameters for assessing the status of water resources in a
given system include precipitation, evapotranspiration, surface runoff, and changes to water storage. This sometimes
involves looking at green and blue water balances. However, moisture and water vapor can move across watersheds,
thereby creating water flows that connect different basins and watersheds. To fully capture impacts on water availability
in a given location, researchers must consider atmospheric water flows need alongside basin-level water balances.

Researchers call atmospheric watersheds “precipitationsheds” and “evaporationsheds” (see figure B1.2.2).

The former refers to regions that are sources of precipitation; the latter describes regions that receive that
precipitation. This land-atmosphere feedback across basins needs to be better understood (Rockstrém et al. 2023;
Wang-Erlandsson et al. 2018).

FIGURE B1.2.2

Precipitationsheds and Evaporationsheds
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source area
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Local
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Oceanic
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Source: Keys et al. 2012.
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Droughtimpacts depend significantly on systemic vulnerabilities,
which are intricate and nonlinear even within one society
or ecosystem. For instance, in arid and semi-arid regions,
ecosystems and human activities may develop adaptations to
limited water availability. Agriculture, lifestyle, and infrastructure
in these regions are typically designed to cope with low rainfall,
but they usually have a narrower margin than wet areas for
maneuvering due to dryness, and deficits can eventually lead
to water shortages. Conversely, regions that usually receive
adequate rainfall have a larger water margin overall, which
can provide a buffer against immediate shortages. However,
these regions may lack the adaptive practices necessary to
handle prolonged or severe droughts, possibly leading to more
economic and social disruptions during exceptional droughts
compared with regions where dryness is the norm. Some
drought-prone, well-organized societies are currently capable
of maintaining functionality and stability and transforming
potentially catastrophic droughts into manageable scenarios.
In contrast, others lacking preparedness can experience
exacerbated drought effects, leading to deepened vulnerability
and severe disruptions. In general, the way equally intense
droughts may cause different impacts depending on the context

highlights the challenge of understanding the phenomenon.

Another challenge is that drought impacts can be direct or
indirect and short term or long term (Cap-Net et al. 2020).
Additionally, impact assessments often focus on direct effects.
Secondary and indirect impacts may be equally important
but pose difficulties for quantification (Eckhardt, Leiras, and
Thomé 2018).

Historically, droughts have been overlooked empirically and
conceptually, and their management has been largely reactive
in nature (Staupe-Delgado 2019). Donald Wilhite (2012) refers
to this crisis management approach as the “hydro-illogical
cycle.” One reason for the slow uptake of a more proactive
drought management approach is the low political salience
and perceived severity of a disaster that builds over time and
whose impacts can be protracted, geographically dispersed, or
both. Sudden-onset disasters are perceived as representative
of all types of disasters, and the majority of disaster-related
research focuses on understanding and evaluating them
(Staupe-Delgado 2019). Countries often lack clear frameworks

for identifying and implementing prevention and response

interventions. Nevertheless, there are increasing calls for a
paradigm shift from reactive drought management to proactive

drought management.

A well-established methodology that supports management
of drought impacts is the Post-Disaster Needs Assessment
(PDNA), jointly developed by the European Union, the World
Bank, and the United Nations Development Programme
(UNDP). Crucially, PDNAs provide a comprehensive and
standardized methodology for assessing impacts and recovery,
avoiding situations in which, historically, several assessments
were undertaken in parallel. PDNAs are conducted right after
disasters occur and gather information regarding impacts,
response measures, and recovery costs (EU, UNDG, and World
Bank 2013).

PDNAs are effective in quickly evaluating the impact,
vulnerability, and economic aspects of disasters, facilitating
immediate relief measures. However, PDNAs conducted shortly
after events cannot consider lagged, indirect, compounded, or
long-term impacts. Not all stages of a drought event cycle can
be considered in a PDNA (see figure 1.2). Because PDNAs focus
on immediate action, they are not a tool to build cross-sectoral
drought preparedness and resilience. Furthermore, PDNAs
embrace a relatively rigid application, and their time constraints
hinder tailoring to individual country needs or contexts (EC,
GFDRR, and UN 2018).

1.2 Many Solutions Exist
for Proactive Drought
Management

The most successful approach to managing droughts is by
transitioning from crisis management or a reactive response
to a risk management or proactive response. Preparedness
reduces costs through mitigation of the social, economic, and
environmental impacts that drought would otherwise have
caused, and it increases resilience to future droughts (Serrat-
Capdevila et al. 2022). Proactive drought management also
reduces risks while increasing social capacity to address them.
Planning for droughts in non-drought periods can reduce and,

in some cases, even avoid impacts, minimizing physical and
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INTRODUCTION: UNDERSTANDING DROUGHT DISASTER MANAGEMENT AND EXISTING APPROACHES

1.

Droughtimpacts depend significantly on systemic vulnerabilities,
which are intricate and nonlinear even within one society
or ecosystem. For instance, in arid and semi-arid regions,
ecosystems and human activities may develop adaptations to

limited water availability. Agriculture, lifestyle, and infrastructure

FIGURE 1.2

Stages of a Drought Event
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maneuvering due to dryness, and deficits can eventually lead
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BOX 1.3

Nature-Based Solutions Are Integral for Integrated Drought Risk Management

Nature-based solutions (NbS) are a crucial element in the pursuit of drought resilience and climate change

adaptation (Zaveri, Damania, and Engle 2023). Importantly, these solutions need to be considered as both

complementary and possible substitutes for existing management and infrastructure investments. They are

ideally positioned within an integrated set of solutions. Although NbS do not generate water, some NbS, such

as reforestation, can impact precipitation patterns and atmospheric moisture recycling. NbS can influence

natural processes for the redistribution of water over time and space within a watershed. Broadly, NbS for

climate risk mitigation are categorized as (1) protection of intact landscapes, (2) management of working

lands, and (3) restoration of high-value habitats.® More specifically, these solutions can include interventions

related to targeted habitat protection, agricultural/ranching/forestry best management practices, artificial

wetlands, native revegetation, natural and hybrid surface interventions, sub-surface and groundwater storage

interventions, wetland restoration, floodplain and river restoration, and riparian restoration (Vigerstol et al.

2023). Detailed ecological and hydrological assessments are essential, particularly for vegetation or localized

storage interventions, which might further reduce streamflow during droughts or create unintended negative

consequences downstream.

Assessing and quantifying the benefits of NbS to mitigate droughts is generally challenging but should not lead

practitioners to favor grey infrastructure investments over green or green-grey solutions. Integrating NbS in

broader programs can drastically increase these investments’ overall impacts. DRRA application should avoid

building institutional or regulatory barriers to implementation of NbS (Van Zanten et al. 2023). Appendix B

presents an overview of some NbS that could increase water security and mitigate drought risk.

2 Measuring the impact of drought on wildlife species remains a significant scientific challenge, even in developed countries.
This difficulty underscores a substantial gap in current understanding of ecological responses to drought conditions.
Wildlife species often exhibit complex and varied responses to drought, influenced by a multitude of factors including
habitat type, species-specific water dependencies, and ecosystem interactions. Traditional monitoring techniques
frequently fall short in capturing these nuanced dynamics, necessitating the development of more sophisticated methods
and technologies. Advancements in remote sensing, coupled with comprehensive field studies, could offer more accurate

and granular insights into how droughts affect wildlife populations and their habitats.

The three pillars of integrated drought management are
reflected in most proactive drought management frameworks.
As depicted in figure 1.3, integrated drought management
in accordance with the three pillars includes (1) monitoring
and early warning systems, (2) vulnerability and impact
assessments, and (3) identification and implementation of

drought mitigation and preparedness measures.?

In addition to the abovementioned integrated drought

management approach, the Global Facility for Disaster

Reduction and Recovery (GFDRR) and the World Bank have
developed an implementation guide for assessing drought
hazards and risks. Although it is not built around the three
pillars, the guide promotes four guiding principles for
drought risk assessments: (1) a system-scale perspective,
(2) assessment of droughts in relation to their impacts, (3)
understanding that drought risk changes over time, and (4) the
idea that effective drought management increases resilience

and enhance preparedness.
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1.

FIGURE 1.3

Three Pillars of Effective Drought Management as Developed by the Integrated Drought

Management Programme
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Source: Adapted from Cap-Net et al. 2020.

This framework is flexible and is specifically tailored to
responding to drought disaster needs (see figure 1.4) with just-
in-time to sector-specific or regional solutions (World Bank
2019). It was developed alongside a catalogue of drought
hazard and risk tools, a global inventory (Deltares 2017) of these
tools, and a comparative assessment report (Deltares 2018).
However, this collection of resources focuses narrowly on
drought risk assessments while providing limited guidance on
drought management and resilience-building practices.

The importance of integrated approaches to drought
management is further elaborated in the EPIC Response
framework developed by the World Bank and Deltares. This
collection of programs supports creation of an effective

governance system to manage hydro-climatic risks (droughts

and floods). Numerous program areas are organized into
five key elements that form the basis of the framework: (1)
enabling environment, (2) planning at multiple and nested
geographical levels, (3) investing in healthy watersheds and
water infrastructure, (4) controlling water use and development,
and (5) responding better to hydro-climatic risks (Browder et al.
2021; Crossman 2018).

Appendix A presents a more detailed comparison of
complementary tools for the DRRA, elaborating on synergies
made possible and gaps filled by the DRRA. These tools
comprise the drought risk assessment developed by GFDRR,
the EPIC Response framework, the Climate Change and
Development Reports (CCDRs), and the Adaptation and

Resilience Diagnostic.
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FIGURE 1.4

Drought Risk Assessment Implementation Guide Developed by the Global Facility for Disaster Reduction and Recovery
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1.3 Why DRRAs Are Needed
and How They Are Organized

This report elaborates on all the building blocks of a proactive,

risk-based assessment of drought management needs
and opportunities. Instead of developing a completely new
approach, it organizes already-established tools, frameworks,
and methodologies—including the PDNA methodology, the
three pillars, the GFDRR’s risk assessment implementation
guide, and the EPIC Response framework—into four building
blocks that consist of several sub-blocks. The list of tools

presented within each block is not exhaustive.

It is important to acknowledge prior drought tool consolidation
efforts. The drought toolbox from the United Nations Convention
to Combat Desertification is just one exemplary effort, based
on the three pillars, to consolidate drought management tools
and methods. Other tool compilations include the Flood and
Drought Portal (DHI 2023) and Flood and Drought Management
Tools.® In addition, Deltares developed, in conjunction with
GFDRR’s drought hazard and risk assessment guide (World
Bank 2019), a catalogue of drought-specific hazard and risk
tools.* The DRRA does not reiterate but instead links the
content of these collections and initiatives, referencing relevant
toolboxes and databases and explaining how their use can be

further complemented (see figure 1.5).

The DRRAs structure permits users to quickly compare
available tools and select the most appropriate options for their
purpose. The DRRA provides guidance on approaches suitable
for different application cases, depending on country capacity,
data availability, resources allocated to complete the exercise,

and level of engagement and demand for the assessment.

The proposed methodology provides solutions for actors
preparing for, experiencing, or in the wake of a drought. Proactive
and comprehensive approaches to DRRA are encouraged, but
when actors are facing an unfolding drought without plans, a
more rapid and less resource-intensive version of the DRRA
can be implemented. Furthermore, the presented solutions
allow actors to address different types of droughts at different

jurisdictional levels and with various sectoral emphases.

DRRAs are of interest to professionals working on initiatives
in sectors such as water resources management, agriculture,
climate change, and disaster risk management, and they
represent an opportunity to link human development
with disaster management efforts and to embed drought
management within existing World Bank country programs and
initiatives. This report is, therefore, written primarily for task
teams and sector specialists, as well as their client counterparts,

to facilitate collaborative programming for drought resilience.

Generally, DRRAs can be prepared as standalone assessments
or can complement a broader ecosystem of evaluation tools,
such as Water Security Diagnostic studies and CCDRs, that
collectively contribute to informed investments and robust

drought resilience strategies.

DRRAs, encompassing current program evaluation, gaps,
and upgrade analyses, can be undertaken through a sectoral
lens. Even though the significance of the risk is better
understood if multiple sectors and systems are integrated into
assessments, the presented framework allows for a targeted
sectoral focus. The flexible nature of the approach permits a
tailored exploration of sector-specific nuances, facilitating a
granular understanding of drought risks. Appendix C presents

questions to guide DRRA implementation.

The DRRA is supported by and was developed in conjunction
with a Menu of Measures (MoM), which is based on the program
areas defined in the EPIC Response framework and organizes
measures alongside these areas (see figure 4.2 in block lll). The
MoM does not just list potential measures to improve drought
preparedness; it provides additional resources and examples
of projects that illustrate these options. Specifically, for blocks
Il and 1V, the MoM creates the context in which programs in the
drought management system are identified and then evaluated.
This report’s MoM reflects the EPIC Response framework for
the purpose of ensuring links and consistency with existing
frameworks applied within and outside of the World Bank. It is
not an exhaustive list of potential drought resilience-building
measures but rather a complement to other lists identifying

such measures.
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In the following chapters of this report, each building block and  a DRRA including the activities described in this report is initiated
sub-block of the DRRA is elaborated, illustrated with case studies,  only at the request of a client government and requires the

and underpinned by a list of available methodologies. Importantly, = government’s ownership/leadership for implementation.

FIGURE 1.5

Building Blocks and Sub-blocks of the Drought Risk and Resilience Assessment

Scope coordination and capacity

Scope coordination within the implementing institution

Scope coordination between government, donors, development
partners, and other stakeholders

Scope coordination across government

Block Il Assess drought risk

Assess current and recent drought hazards

Assess main trends of future drought hazards
Assess current and recent drought impacts

Assess country/region vulnerability to drought

Evaluate current resilience

Evaluate current drought response

Evaluate current drought preparedness

Source: Original figure for this publication.

Notes

1 National Drought Mitigation Center, “Types of Drought,” https://drought.unl.edu/Education/Droughtin-depth/TypesofDrought.aspx.

2 Integrated Drought Management Programme, “The Three Pillars of Drought Management,” https://www.droughtmanagement.info/pillars/.

3 United Nations Convention to Combat Desertification, “Drought Toolbox,” accessed June 11, 2023,
https://www.unccd.int/land-and-life/drought/toolbox.

4 |W:LEARN, “Flood & Drought Management Tools,” accessed June 11, 2023, https://fdmt.iwlearn.org/.
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Scoping Coordination
and Capacity (Block I)




nitiating a DRRA requires understanding of the context

in which it will be applied. A quick scoping exercise to

determine whether the DRRA will be successful is essential
and can include, inter alia, existing internal and external
initiatives, capacities, available resources, and commitment.
The information gathered will provide important insights into
the selection of tools based on time, resources, and capacity.
For optimal allocation of resources and efforts, the context
scoping allows teams to draw on synergies from related
activities while being able to inform others. Generally, this check
entails a review of (1) the implementing institution’s internal
coordination, (2) government, donor, development partner, and
other stakeholder coordination, and (3) coordination across

government (see figure 2.1).

A readiness assessment will identify both World Bank sectors
and entities involved in drought-related efforts in the country or
region of interest and relevant initiatives and programs in that

country or region that are not led, supported, or coordinated

FIGURE 21

Block | of the Drought Risk and Resilience Assessment

Scope coordination within the
implementing institution

Scope coordination between
government, donors, development

partners, and other stakeholders

Scope coordination across government

Source: Original figure for this publication.

by the World Bank. By highlighting gaps and duplications, this
assessment will set the stage for more seamless coordination
of donors, government entities, and development partners,
and for an integrated and cohesive approach to DRRA
implementation. Involving local agencies and stakeholders
from various sectors in the assessment can foster a sense of
ownership and commitment, which is important for a realistic

and ground-based DRRA.

This chapter describes application of block | of the DRRA
by the World Bank and, therefore, uses World Bank
terminology. Importantly, DRRAs are not exclusively
developed for World Bank operations. Block | can be
adapted to the needs and structures of the respective
implementing institution/entity—be it a country or a donor.

2.1 Scoping Coordination
within the Implementing
Institution

Characterization of drought hazard—the severity, frequency,
duration, extent, When the World Bank is the implementing
entity, the DRRA begins with determination of a Country
Management Unit's (CMU) level of interest in evaluating a
client’'s drought needs and opportunities and its readiness to
undertake a DRRA. If a government office is the initiating entity,
it must itself assess its own internal readiness. It is essential
to ascertain whether sufficient technical capacity and funding
resources are or could be allocated to address drought-related
challenges. In addition, it is crucial to assess whether a multi-

sectoral DRRA is feasible.

For the World Bank, by examining
the Country Strategy, the current country portfolio, and the
portfolio’s performance, this part of the assessment aims to
establish whether drought is genuinely regarded as a priority
in the CMU’s initiatives and projects and whether teams are
prepared to support and budget for a DRRA. Additionally, this
assessment indicates whether a DRRA could be successfully

planned and implemented with the client.
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2. SCOPING COORDINATION AND CAPACITY (BLOCK 1)

By evaluating the prevailing culture of the interdisciplinary
collaboration/multi-sectoral dialogues in the target country, the
assessment aims to inform the possibility of integrated multi-
sectoral operations for drought resilience. Identifying obstacles
and implementation challenges in this context helps set realistic
expectations for a comprehensive DRRA. By no means is the
assessment meant to critique the structure and function of the
CMU wrrit large. Rather, it aims to provide an initial reality check
regarding the operational readiness of the CMU to facilitate a
DRRA and the capacity of staff across practices to prioritize time
for that exercise. If a government itself is the initiating entity, the

same assessments should be made of that entity.

This sub-block should consist of a CMU/country-level reflection

on the feasibility of:

Integrating DRRAs into overall strategies and operations

Creating incentives for and promoting a culture of

collaboration and knowledge sharing to support a DRRA

Establishing clear coordination mechanisms for
collecting (and sharing) DRRA-related information from

client agencies and partners

Creating staff training/learning opportunities to
enhance expertise in drought assessment and multi-

sectoral approaches

Within a CMU, challenges that could hamper a DRRA include:

Limited expertise with the complexities of drought
and limited awareness of the need for multi-sectoral

collaboration for DRRAs and drought management

Communication and information sharing gaps

Competing priorities and resource constraints

Within a country, a DRRA could be hampered by a complex
stakeholder landscape, that is, by stakeholders of varying

capacities and with different levels of World Bank engagement.

This part of the assessment seeks to gauge

the feasibility, from the implementer's side, of planning a

comprehensive multi-sectoral DRRA to address drought-
related challenges. It helps determine whether a DRRA is
achievable and to identify which sectors will collaborate on/

lead the effort.

2.2 Scoping Coordination
between Government, Donors,
Development Partners, and
Other Stakeholders

Seamless coordination of the government, donors,
development partners, and other stakeholders sets the stage
for an integrated and cohesive approach to a DRRA, avoiding
gaps and duplications, creating traction, and ideally, resulting in

a collective schedule for implementation/delivery.

By identifying donors and
development partners working on a client country’s drought-
related matters and determining how the government is
coordinating their efforts, this part of the assessment can
identify gaps and overlaps, resulting in a better coordinated
DRRA. This part of the assessment can be completed through
one or more workshops and bilateral meetings that engage all

entities working on drought in the country.

The following actions will ensure effective coordination:

With the approval of the government, establish a
dedicated coordination mechanism, such as committee,
platform, or working group, to foster partnership,
advocacy, and networking. Donors and partners should

actively commit to sharing information and expertise.

Formalize an agreed-on framework for donors and
partners to contribute to the DRRA. The framework
should encompass sharing of existing resources or
relevant deliverables and should specify standardized
methodologies, data collection tools, and assessment
indicators. Each participant should work with a
particular sector(s) in order to contribute datasets

or analyses aligned with its current engagement in

the country.
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Collectively identify funding priorities to enable
efficient allocation of resources while avoiding
duplication. Harmonizing funding approaches, such

as setting up joint funding mechanisms or collaborative
agreements, will ensure coherence and minimize

additional effort.

Establish formal or informal monitoring mechanisms
to track progress and ensure delivery of various DRRA
contributions, ultimately promoting accountability and

strengthening drought partnerships in the country.

This part of the assessment seeks to gauge the
feasibility of planning a multi-donor or partnership-based
comprehensive multi-sectoral DRRA to address drought-related
challenges, and it will shape its implementation modality. That
is, it will help to determine whether the DRRA should be a joint
assessment by the World Bank and the government, a World

Bank-led assessment, or a World Bank-supported assessment.

2.3 Scoping of Coordination
across Government

Involving local agencies/stakeholders from various sectors
in the assessment process fosters a sense of ownership and
commitment, and it is essential for a realistic and ground-based
DRRA. This sub-block enables identification of potential policy
and priority conflicts among sectors, helping to streamline policy
formulation and implementation. It can reveal a willingness or

capacity, or a lack thereof, to share relevant data.

Political commitment and country leadership are vital for the
success of the DRRA. The country must demonstrate true high-
level demand and willingness to cooperate with the World Bank
or any other partner in performing a DRRA. Understanding the
country’s perspective and capacity is fundamental to deciding
whether to go forward with the assessment or to tailor it

accordingly.

An important outcome of this part
of the assessment, which can be completed through workshops
and meetings that engage the entire group of relevant
sectoral agencies and stakeholders, is a map of partners and

governmental agencies involved in drought management.

Another important outcome: securing high-level leadership
to push for cross-sectoral work and interagency cooperation.
An important message to convey to the country is that
managing drought is not only a water supply or agricultural
issue. Conflicting objectives of relevant ministries can create
competition and hinder coordination efforts. It is crucial to
work with high-level leadership actors to identify any such

objectives.

Ideally, the country already has a data-driven, not purely
body

responsible for tracking drought and formulating drought

political, national steering committee or similar
policy and a national drought plan. Such entities often exist
but lack functionality and actual assessment capacity. But they
can facilitate dialogue and allocate funds to relevant ministries

to support DRRA data collection.

On the World Bank side, clear communication of the benefits
of a DRRA is essential. In that context, a high-level workshop to
explain the challenges, the processes, and the advantages to
the country is recommended. It can take place before or after
the previous sub-blocks are completed or in parallel with those
sub-blocks. Emphasizing the benefits of better risk identification
and more effective targeting of resources can help garner
support from the country and facilitate its active participation
in the DRRA.

This part of the assessment seeks to gauge
the country’s demand for and capacity to contribute to a
comprehensive multi-sectoral DRRA. This block is aligned with
the spirit of the EPIC Response framework. If there is no demand
and lack of adequate interest to commit adequate resources to

the process, the assessment cannot be conducted.
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Assessing Drought Risk
(Block Il




n completion of the context scoping and readiness
assessment (block 1), the DRRA team develops a
drought risk assessment based on hazard, impact,

and vulnerability characterization (see figure 3.1).

This chapter describes consolidation of the results of
each of the block Il sub-blocks into a “drought risk model”
underpinned by both a case study and a comparison of
tools that can support drought risk assessment.

Drought risk is the result of hazard, exposure, and vulnerability.
Hazard is the occurrence of a drought event with possible
adverse effects. Exposure encompasses population and
economic resources in an area where drought occurs.
Vulnerability is defined as a system’s susceptibility to drought’s
adverse effects and lack of capacity to handle those effects
(Limones et al. 2020; Nakicenovic et al. 2020). Generally, the
risk of drought causing damage and socioeconomic/ecological
losses reflects the severity and the probability of occurrence,

exposure, and vulnerability (Vogt et al. 2018).

POSSIBLE RESULTS: By conducting a drought risk
assessment, teams can identify areas and sectors that are not
only vulnerable to drought, but also likely to experience the
phenomenon. They also can identify which type(s) of drought
(meteorological, hydrological, agricultural, etc.) leads to
significant impacts for each sector or system considered. The
aim is to produce an assessment of the probability and severity
of drought occurrences and to evaluate potential consequences.
Thus, the delivery of the drought risk assessment block consists
of a numerical/visual representation of the risk, based on
graphs and maps, a qualitative description, or both. Once teams
select areas of intervention, they can prioritize potential drought
risk reduction and drought resilience strengthening measures

(through block V).

IDEAS FOR DEVELOPING DROUGHT RISK ASSESS-
MENTS AND A SNAPSHOT OF AVAILABLE TOOLS:
Antofie, Doherty, and Marin-Ferrer (2018) distinguish between
two main risk assessment methods: qualitative or (semi-)
quantitative. A qualitative risk assessment depicts risk as a
descriptive class/score or a qualitative ranking of risk levels for
different areas. The latter can be performed simply by overlaying

the areas that are vulnerable with those experiencing significant

FIGURE 341

Block Il of the Drought Risk and Resilience Assessment

Assess current and recent drought hazards
Assess main trends of future drought hazards
Assess current and recent drought impacts

Assess country/region vulnerability to drought

Source: Original figure for this publication.

drought hazards. The result is a map highlighting the areas at
higher risk. This qualitative ranking can be sufficient for a DRRA,
and it may be the only option in data-scarce environments.
Limones et al. (2020) based their ranking of drought risk in
Angola on prior impacts. However, a qualitative ranking does
not convey costing of the risks, for which a sensitivity analysis

or another type of (external) validation of the ranking is needed.

Data-driven semi-quantitative or quantitative assessments allow
for assignment of values in terms of risk indices or even levels
of probability of losses. They build on the principle that drought
must be defined and assessed in relation to its impacts. Thus,
they aim to explore the (statistical) links among key climate and
hydrological variables, droughts, and consequential effects
over time and space. Carrdo, Naumann, and Barbosa (2016)
and Antofie, Doherty, and Marin-Ferrer (2018) provide an
overview of tested approaches and risk index calculations. A
good example of a fully data-driven drought risk quantitative
assessment is the current effort by the European Commission’s
European Drought Observatory for Resilience and Adaptation
(EDORA) Project. The project’s drought impact database

compiles and structures information on both drought levels and
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3. ASSESSING DROUGHT RISK (BLOCK 1)

impacts over the last 40 years across the European Union (EU).  of detail achievable only if teams have sufficient longitudinal
Box 3.1 presents Romania’s current drought risk baseline based  data on impacts (that is, if linking the impact of events and their

on the model built for the EDORA Project—a baseline at a level  occurrence and severity is possible and statistically sound).

BOX 31

Machine Learning-Based, Data-Driven Drought Risk Assessment for Romania

Based on the model built for the European Commission’s EDORA Project, the World Bank conducted a deep-
dive drought risk assessment for Romania with more granular data. The exercise built on a drought hazard
characterization (see box 3.3) and on an impact collection and assessment (see box 3.7). These previous
assessments compiled historical values for hazards and impacts for all of Romania’s river basin administrations
(these are administrative boundaries). Cost estimates of these impacts were assigned where possible.

A set of Standardized Drought Hazard Indices (SDHIs) is calculated on a monthly basis and comprises predictors
for the model (that is, the triggers/biophysical drivers of the dependent impacts). The model correlates anomalies
of inventory impact variables with anomalies of hydrometeorological hazard indices. For the drought risk
assessment for Romania, SDHI thresholds were defined for each impact type and location.

The attribution of drought impacts to different systems is enabled through the application of the so-called
fast-and-frugal trees machine-learning technique (see figure B3.1.1). Fast-and-frugal trees are simple decision
algorithms for solving binary classification tasks. On the basis of predictor variables, namely the SDHI, they
predict the values of a binary criterion variable, for example, transportation losses 20 percent below the average

or energy production losses of 5 percent.

FIGURE B3.11

Example of a Binary Decision Tree for Recognizing Drought Impacts

TRUE

TRUE

TRUE FALSE

Once the above-described operation is performed, teams can understand (1) the different configurations of a

Source: Adapted from de Mesentier Silva et al. 2016.

drought hazard that can lead to each impact, (2) the thresholds of the hazard indices that trigger an issue in the
different sectors and areas, and (3) the likelihood that these issues will be experienced in each place due solely
to drought (that is, distinguished from other potential causes).

(box continues next page)
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BOX 3.4 (continued)

The accuracy scores used to create machine-learning models describe the models’ capacity to predict the occurrence
or absence of an impact. The models are constructed with the goal of minimizing false alarms, that is, simulated
reductions in production levels that were not actually observed. Consequently, the models are relatively conservative
in that they highlight only the proportion of anomalies that are undoubtedly linked to drought. In many cases, the
models may thus underestimate the role of drought, yielding relatively optimistic estimates of risk.

For some sectors and systems, and in some zones, the accuracy and sensitivity of machine-learning models will be very
high. In those cases, the connection between the hazard and the respective impact is distinctive, and drought undoubtedly
drives the behavior of the anomalies. In other cases, the anomalies and drought may not have a strong correlation, so
the expected losses caused by drought appear less significant compared with losses derived from other drivers.

The created models allow teams to predict impacts depending on when and how often the selected drought hazard
indices’ thresholds are surpassed. In the final step, predictions from the decision trees are composed and added up.
The objective of the Romania exercise is to map the grouped likelihoods that areas will experience a certain decrease
in the system’s performance due to drought.

Probable maximum loss curves are being created for different types and levels of impacts in all the systems at risk
(an example of development of probable maximum loss curves and drought risk maps is presented in figure B3.1.2).

FIGURE B3.1.2
Drought Risk Maps and Probable Maximum Loss Curves Developed by the EDORA Project

+3.0°C

Projected / Current Loss

[ Reduction of more than 25% [ Increased by a factor of 1.5 to 2
[ ] Reduction between 10% and 25% [l Increased by a factor of 2 to 3
[ ] No important variation Il Increased by a factor of 3 to 4
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Source: Rossi et al. 2023.
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3. ASSESSING DROUGHT RISK (BLOCK 1)

TABLE 31

Strengths and Weaknesses of Three Types of Drought Risk Assessment

LT Effort Strengths Weaknesses Reference
assessment
Qualitative risk @ -‘O’- Useful approach for data- Neither quantifies the risk nor Limones et
assessment A= scarce environments. Rapid, defines what risk component (H, al. (2020)
inexpensive. Can be utilized V, or E) is most relevant in each
even without specialized case. Does not link vulnerability
expertise or resources for components with types of
more in-depth analyses. impacts. Set of indicators is
not exhaustive and does not
provide a complete definition of
vulnerability. Ground-truthing is
qualitative. Normally not capable
of including future drought risk.
Empirical semi- @ -O:- Provides a map of areas at Does not establish a linkage with Carrao,
quantitative s high drought risk in numerical actual impacts. Naumann,
assessment < | terms and links risk to the and
@ = most important component Barbosa
(H, V, or E) in each case. (2016)
Data-driven @ :O’_ Provides a map of areas at Requires machine-learning/ See
quantitative R A high drought risk and a proxy modeling expertise. Depends application
assessment e or a magnitude of the potential on a comprehensive impact example in
(for example, @ - w S risk. Includes ground-truthing compilation and assessment with box 3.1.
EDORA) \\T:, because it incorporates longitudinal data.
BYA impacts in the assessment.

Source: World Bank Group.
Note: H = hazard; V = vulnerability; E = exposure.

Table 3.1 presents three types of risk assessments. Teams are
encouraged to consult the Global Inventory of Drought Hazard
and Risk Modeling Tools and Resources (Deltares 2018) for a

more comprehensive overview of approaches.

The subsequent sub-blocks are each dedicated to assessing a
variable of the overall risk equation, thus forming the basis for

the above-mentioned risk modeling.

3.1 Assessing Current and Recent
Drought Hazards

WHY THIS BUILDING BLOCK IS IMPORTANT:
Characterization of drought hazard—the severity, frequency,

duration, extent, and propagation patterns (from precipitation

deficits to soil and hydrological stress issues) of drought in a
given country or region—can help teams assess the likelihood of
drought occurrence and identify trends and hotspots. Fully linked
to this characterization is monitoring, which consists of tracking
the evolution of drought. In many cases, monitoring can serve as
an early warning system, allowing authorities and communities to

detect drought in its initial stages and to act accordingly.

Monitoring and characterization of the hazard are preferably
performed through the calculation and posterior analysis of
Standardized Drought Hazard Indices (SDHIs). These indices
are used to quantify and assess the severity, duration,
and spatial extent of drought conditions on the basis of
meteorological, vegetation, and hydrological data, particularly
precipitation, evapotranspiration, temperature, soil moisture,

and vegetation health.
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POSSIBLE RESULTS: Hazard characterization will help
teams identify the severity, frequencies, and durations of
droughts over time and space. It is useful to understand how a
current drought manifests in the context of average conditions
and how past drought events evolved. More broadly, hazard
characterization can also help teams identify areas with higher

drought hazard trends and characteristics.

Analyses for evaluating and tracking drought hazards can
consider precipitation, evapotranspiration, flows, vegetation
conditions, soil moisture, and other parameters. Drought is a
complex and multifaceted phenomenon, so ideally teams use
several drought indices (SDHI mainly) and indicators to provide
complementary information about the various dimensions
of drought conditions. Some standardization of drought
classification categories is encouraged for consistency in
communicating the extent of the drought within and between

these sectors (see box 3.2).

HOW THIS BLOCK RELATES TO OTHER BUILDING
BLOCKS: Drought hazard characterization is the foundation

Jacques Gaimard / Pixabay

of any DRRA; it provides the context for improving drought risk
management. The results of this analysis frame all subsequent
steps of the DRRA and significantly inform the types and scopes

of block Il vulnerability, impact, and overall risk assessments.

Furthermore, indices and indicators selected for drought
characterization and monitoring can feed into the development
and delivery of information and decision-making/decision-
support tools. Once a proactive drought preparedness plan
is developed and in place, monitoring of defined drought-
characterization indices and indicators can be used to trigger

specific measures.

IDEAS FORDEVELOPING THIS BUILDING BLOCK
AND A SNAPSHOT OF AVAILABLE TOOLS: If the
target country or region relies on a monitoring system (see
box 3.2) that offers SDHI or indices derived from them, teams
could complete block Il just by developing a narrative or
an overview of drought patterns based on the monitoring

system’s information.
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3. ASSESSING DROUGHT RISK (BLOCK 1)

BOX 3.2

Drought Monitoring System in Brazil

As an element of a drought preparedness plan, Brazil developed a drought monitoring system. Different stages of

drought are defined on the basis of drought indicators and associated with possible impacts (see figure B3.2.1).

To build the map, numerous institutions monitor rainfall (the amount of precipitation in each location), reservoir

levels, soil moisture, and other critical information in each of the country’s states. These indicators are measured

and combined monthly and visualized with a map. Depending on the stage or intensity of a drought, predefined

measures or types of actions are triggered. As important as the map is the organizational arrangement of people,

institutions, and processes that contribute the information depicted on it (De Nys, Engle, and Magalh3es 2017).

FIGURE B3.241

Stages of Drought and Their Potential Impacts in Brazil

a. Drought stages

Category Possible Impacts

DO 30 Abnormally
dry
Moderate
b1 20 drought

Severe
drought

Extreme

drought

Exceptional
drought

Going into drought: short-term
dryness slowing planting and
growth of crops or pastures.
Coming out of drought: some
lingering water deficits; pastures
or crops not fully recovered

Some damage to crops, pastures;
streams, reservoirs, or wells low;
some water shortages developing
or imminent; voluntary water-use
restrictions requested

Crop or pasture losses likely;
water shortages common; water
restrictions imposed

Major crop/pasture losses;
widespread water shortages or
restrictions

Exceptional and widespread crop/
pasture losses; shortages of water
in reservoirs, streams, and wells
creating water emergencies

b. Drought monitoring map

H‘:’j ?
5.

LEGEND
Intensities: Types of impacts:
[ ] No drought C =Short term
Mild drought (i.e., agriculture, pasturelands)
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(i.e., hydrology, environment)
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Sources: Adapted from De Nys, Engle, and Magalhdes 2017; Adapted from Monitor de Secas 2024.
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In the absence of a drought monitoring system, teams can turn
to several global and regional drought portals that provide
temporal maps of drought indices that could support a rough
spatiotemporal characterization of the hazard. If the scope of
the assessment is focused on a particular recent or ongoing
event, this approach could suffice, but it should acknowledge

the limitations of not using granular or ground-based data.

A collection of most of these geo-visualization tools for
the monitoring and early warning of drought events was
developed and is updated by the UNCCD, and the Integrated
Drought Management Programme’s (IDMP) “Drought and Early
Warning” portal also keeps track of these tools.! Additionally,
the Global Facility for Disaster Reduction and Recovery
(GFDRR) and Deltares have developed a global inventory,
at the global and regional level, of drought hazard and risk
modeling tools, resources, and drought datasets and platforms
(Deltares 2017) as well as a catalogue of drought hazard and
risk tools (Deltares 2018). These resources provide links to
mapping portals and describe what to use them for and how

to apply them.

A more in-depth but still relatively rapid option that relies
on medium-resolution open-source global datasets is to
download and use preprocessed indices provided in web

portals like the Standardized Precipitation-Evapotranspiration

Index (SPEI) global drought monitor and the related SPEI
global dataset, which offer near real-time information about
drought conditions at the global scale, with a 1-degree
spatial resolution and a monthly time resolution.? SPEI time
scales between 1 and 48 months are provided and can be
downloaded in a user-friendly way as a time series for a point

or a bounding box.

For the Standardized Precipitation Index (SPI), which
solely describes precipitation deficits, similar series can be
downloaded from several portals, such as “ClimatView—A Tool
for Viewing Monthly Climate Data” or the International Research
Institute’s “Global Drought Analysis Tool.”® Agricultural drought
indices can be downloaded from the Food and Agriculture

Organization’s “Agricultural Stress Index System.”*

Drought hazard characterization, in this case, may consist
simply of plotting the time series and comparing patterns
among indices (see box 3.3), but the time series can be further
analyzed depending on the resources available for and the
scope of the assessment. To guide such a characterization,
Vogt et al. (2018) developed a comprehensive list of
parameters to calculate, including frequency of droughts,
severities, intensities, durations, onsets, end points, peaks,

and areas affected.
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3. ASSESSING DROUGHT RISK (BLOCK 1)
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BOX 3.3

Hydrometeorological Drought Hazard Characterization in Romania

In this case study, Standardized Drought Hazard Indices (SDHIs) were used to depict the severity and spatial
extent of drought in the historic context in Romania. Two broadly recognized and complementary SDHI were
applied at the level of river basin districts, the Standardized Precipitation Index (SPI), and the Standardized
Precipitation-Evapotranspiration Index (SPEI). The key difference between SPI and SPEI is that SPEI accounts

for both precipitation and evapotranspiration; SPI considers only the former.

Once the SDHI were calculated, some statistics were extracted and mapped to perform an interpretation of

the spatiotemporal evolution of the drought during the last decade of study (see figures B3.3.1 and B3.3.2).

FIGURE B3.31

Minimum Value of the SPI 12 and SPI 48 Drought Indices Every Year from 2012 to 2022
in Romania’s River Basin Administrations (Administrative Boundaries)

Minimum index
value in the year

Source: World Bank 2024.

FIGURE B3.3.2

Minimum Value of the SPEI 12 and SPEI 48 Drought Indices Every Year from 2012
to 2022 in Romania’s River Basin Administrations (Administrative Boundaries)
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Source: World Bank 2024.

Additionally, SPETI and SPI results were complemented with other parameters to obtain a more holistic drought
hazard characterization. Such additional parameters included, for example, the evolution of the total actual runoff
in Romania to represent national-level water statistics, flows, Water Exploitation Index (WEI), and WEI+ indices

in the river basin administrations.
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Importantly, monitoring different aspects of drought along the
full hydrologic cycle may require a collection of indicators and
indices beyond those recommended above for their broad
application and ease of use. The selection of drought indicators/
indices depends on available resources and the scope of the
exercise. It should be determined by the distinctive traits of
droughts that are closely linked to the country stakeholders’
primary areas of concern. To support selection, the Handbook of
Drought Indicators and Indices (WMO and GWP 2016) describes
the purpose of the most used indicators and indices as well
as the level of difficulty of their application and interpretation.
Importantly, a summary table compares all the analyzed tools.
Steinemann, lacobellis, and Cayan (2015) provide a useful

framework for the application of indices and indicators.

Constructing indices and indicators on the basis of ground

information received from local agencies or with high
accuracy/resolution open-source datasets is another possible
approach. The same array of indices mentioned above can be
built with user-friendly calculators, such as the SPI Generator
by the National Drought Mitigation Center (2018) or the
SPEI Calculator by the Spanish Higher Council for Scientific
indicators

Research.® indices and

Constructing

requires

i P o5 BT

Watershed and Development Initiative / USAID

extensive collection of hydrometeorological data—including
in situ or estimated longitudinal data on moisture, flows, and
groundwater parameters—in coordination with local agencies
and data processing by a local expert. Thus, this approach
is recommended only if the required information is readily
available and shared and would provide far more accurate
results than off-the-shelf tools to analyze drought hazard (see
box 3.4). Table 3.2 compares methodologies for characterizing
drought hazard, some of which can be utilized even without

specialized expertise or resources for more in-depth analyses.

DATA NEEDS: Meteorological,

geological, biophysical, agricultural data (time series/statistical

hydrological, hydro-
datasets, remote sensing datasets, surveys, and so on), or a

combination thereof are needed to characterize drought hazard.

UNDP (2020) presents a non-exhaustive list of open datasets
that provide information on precipitation and soil moisture.
Google Earth Engine (GEE) provides satellite-based and model-

based climatic, hydrological, and hydrogeological estimates.

The World Bank (2019) provides extensive practical guidance

on how to set up drought hazard assessments.
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3. ASSESSING DROUGHT RISK (BLOCK 1)

BOX 3.4

Preparing a Drought Hazard Overview for Southern Angola with Indices Calculation
and Ground Data

The Drought Exceedance Probability Index was selected to analyze recent drought hazard in Angola because
precipitation time series were available for parts of the region. These series were used to calibrate the Tropical
Rainfall Measuring Mission Multi-satellite Precipitation Analysis, or Tropical Multi-satellite Precipitation
Analysis (TMPA) product (see figure B3.4.1). The Drought Exceedance Probability Index does not work with
pre-established timescales, which makes it very useful in defining actual precipitation drought onsets and

durations and in identifying deficit peaks.

FIGURE B3.41

Drought Evolution in Provinces of Angola, Based on Corrected TMPA Series
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Source: Serrat-Capdevila, Limones et al. 2022.

However, it was necessary to go beyond the rainfall phenomenon. To understand the evolution of water availability
during the identified drought period, the monthly precipitation minus the actual evapotranspiration (P-Eta) was
computed at a medium spatial resolution (0.25°, ~25 kilometers) across the entire region as a hydrological
drought indicator. On-the-ground evapotranspiration data were not available, so in this case the indicator was

based entirely on satellite estimates from the Global Land Evaporation Amsterdam Model.
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TABLE 3.2

Methodologies for Characterizing Current/Recent Drought Hazards

Preparation of an
overview based on
information from

an established
monitoring system in
the country/region*

Fast.

Can be performed
without expert
input.

The country is
already aware of
the hazard levels,
this block is well
covered before the
DRRA exercise.

Accuracy and
comprehensiveness of
the overview depends on
the characteristics of the
already-existing monitor.

Example of drought monitors:
+ Brazil : Monitor de Secas

+ Spain: AEMET

+ USA: Drought Monitor

+ Mexico: Monitor de Sequia
+ Europe: Drought Observatory

Preparation of an
overview based on

Fast.

Can be performed

The description of the
hazard will include no

Examples of portals for resources

and tools:

global and regional without expert data analysis, only maps - UNCCD Inventory of Portals,
drought portals that input. and graphs obtained from Resources and Tools
ide t L th tals.
provi ef empora © portais + IDMP Inventory of Portals,
maps of drought Resolution or accuracy Resources and Tools
indices* issues. T
+ GFDRR and Deltares Inventory
of Portals, Resources and Tools
(Deltares 2017)
+ Global Integrated Drought
Monitoring and Prediction
System (GIDMaPS)
Hazard ~ ~ | Data-driven Resolution or accuracy Examples of preprocessed
characterization @ | assessment. issues. drought indices:
based on dowr_ﬂoa_ded < | Flexible. Some of the globally - For downloading series:
preprocessed indices @ Qe available SPEI series ClimatView
di = Hiwwith cioanlifi
:Z:\tlaels:n web are built with simplified - For downloading series: IRI
evapotranspiration Global Drought Analysis Tool
ti .
es |m.ates + For downloading series: SPEI
Requires some low- to Global Drought Monitor
dium-difficulty dat
Z:]Zl";?; ety cata + Pan-African high-resolution *
ysis. drought index dataset
+ FAQ's Agricultural Stress Index
System
See application example in box 3.3.
Hazard _~©~_ Data-driven Requires local data Tools for selecting indices and
characterization " | assessment. availability and local guidelines for their application:
based on construction @ >~ | Flexible. agency cooperation. - Handbook of Drought Indicators

of indices and
indicators with
ground information
received from local
agencies or with
relatively high-
accuracy/resolution
open-source datasets

el

\
- o)
>

'
T

D

Maximum accuracy
potential.

Accuracy issues if data
quality is not validated.

Long processing time.

Requires a drought
expert to build the
indices, conduct the
analysis, and facilitate the
interpretation.

and Indices (WMO and GWP 2016)

- Steinemann, Iacobellis, and
Cayan (2015)

- Tsakiris et al. (2007)

See application example in box 3.4.
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Source: World Bank Group.
* These instruments can be utilized even without specialized expertise or resources for more in-depth analyses.
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https://monitordesecas.ana.gov.br/mapa
https://www.aemet.es/en/serviciosclimaticos/monitor_sequia_met
https://droughtmonitor.unl.edu/
https://smn.conagua.gob.mx/es/climatologia/monitor-de-sequia/monitor-de-sequia-en-mexico
https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
https://www.unccd.int/land-and-life/drought/toolbox/monitoring-and-early-warning
https://www.unccd.int/land-and-life/drought/toolbox/monitoring-and-early-warning
https://www.droughtmanagement.info/pillars/monitoring-early-warning/
https://www.droughtmanagement.info/pillars/monitoring-early-warning/
https://www.droughtcatalogue.com/
https://www.droughtcatalogue.com/
https://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html
https://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html
https://worldbankgroup-my.sharepoint.com/personal/nengle_worldbank_org/Documents/NLE Files/Water GP - 2017/+Drought Business Line - FY23/Workstreams/Workstream - DR&RA/spei.csic.es/map/
https://worldbankgroup-my.sharepoint.com/personal/nengle_worldbank_org/Documents/NLE Files/Water GP - 2017/+Drought Business Line - FY23/Workstreams/Workstream - DR&RA/spei.csic.es/map/
https://essd.copernicus.org/articles/12/753/2020/
https://essd.copernicus.org/articles/12/753/2020/
http://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en
http://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en
https://droughtmanagement.info/literature/GWP_Handbook_of_Drought_Indicators_and_Indices_2016.pdf
https://droughtmanagement.info/literature/GWP_Handbook_of_Drought_Indicators_and_Indices_2016.pdf

3. ASSESSING DROUGHT RISK (BLOCK 11)

3.2 Assessing Main Trends of
Future Drought Hazards

Drought assessment and management needs to be
conceptualized in the context of climate change. Although the
local variability and magnitude of changes in drought patterns
are difficult to determine using projections and scenarios,
drought risks will increase for several regions and sectors
unless climate change adaptation measures are adopted.
Hence, itis crucial to consider climate scenarios and what they

could mean for droughts in a given region (Vogt et al. 2018).

This step will offer an overview of
the potential future development of drought hazards and water

scarcity in specified regions.

Some or all of the variables that were chosen
to characterize past droughts will be subject to drought
projections. The results will directly impact the following
steps, for example, by forming a baseline for the drought
preparedness gap analysis and a baseline against which
possible investments are assessed. If historical droughts
proven to cause significant impacts in the target area are
projected to increase or intensify, this block suggests how the

overall risk might also evolve.

Existing
data and analytics can be leveraged to provide a history of
droughts. They can also be used with other climate change
scenarios and hydrologic models to gain insight into future
drought hazards, although uncertainty needs to be carefully
considered. A quick overview can be prepared on the basis
of information from portals offering regional and country
projections and information from interactive maps and graphs.
The Intergovernmental Panel on Climate Change (IPCC) offers
Coupled Model Intercomparison Project Phase 6 (CMIP6)
information and computation of different regional scenarios
of the SPI index in the IPCC WGI Interactive Atlas.® The
National Oceanic and Atmospheric Administration’s climate

change web portal and the Climate Data Factory’s interactive

map allow users to develop maps and charts on projections
of temperature and precipitation.” The Aqueduct Water Risk
Atlas maps and analyzes future water risks across locations.®
The Koninklijk Nederlands Meteorologisch Instituut (KNMI)
Climate Change Atlas allows for country-specific data series
visualization of a broad array of meteorological variables and
hydrological features like net water flux.° Very useful rapid
overviews can be produced easily with the World Bank Group’s
Climate Change Knowledge Portal, which offers projected
climatology of the Annual SPEI Drought Index for all countries

(see box 3.5)."°

Caution is needed when working with climate projections;
uncertainty must be carefully presented. Importantly, some
impacts of droughts—on selected crops, for example—will
depend on the temporal distribution of hydrometeorological
variables and their anomalies as much as on total
accumulated values, which are more commonly provided
through climate change scenarios. Hydrologic modeling in
the global climate models is rudimentary. Model outputs
are often used in additional hydrologic analytics and are
sometimes hydrodynamic analytics to obtain additional
insights related to surface and water resources (including
additional scenarios of water infrastructure and use).
However, these model outputs are often subject to data and
modeling constraints associated with complex systems and

future climate scenario uncertainty.

Drought hazard overviews can be complemented by SDHI
and trends computed on the basis of CMIP6 for all locations
around the globe. Zeng et al. (2022) and Vicente-Serrano et
al. (2022) present assessments of global meteorological,
hydrological, and agricultural drought under future warming.
Christian et al. (2023) provides a similar assessment focused
on flash droughts. The NEX-GDDP-CMIP6 dataset by the NASA
Climate Analytics Group, available in GEE, can produce a
more detailed description. This dataset is made up of global
downscaled climate scenarios for variables like near-surface
air temperature or precipitation. It is computed across several
Shared Socioeconomic Pathways (SSPs). An analysis based
on this dataset can be performed in approximately one day or
less of work by a specialist. Examples of applications appear in
Ghazi, Dutt, and Haghighi (2023) and Xu et al. (2023).
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BOX 3.5

Hydrometeorological Projections for Romania

Assessment of Romania’s drought risk included a description of the graphs available at the country scale in the

World Bank Climate Change Knowledge Portal. It involved an estimation of the evolution of the Standardized

Precipitation-Evapotranspiration Index (SPEI) indices for different Shared Socioeconomic Pathways based on

Coupled Model Intercomparison Project Phase 6 (CMIP6) data. The historic analyses performed in other blocks

of the Romania study revealed that SPEI indices show drought intensification in the last decade for most of the

country and that the phenomenon is connected to increasing multi-sectoral impacts on the ground. The simple

forward-looking exercise of plotting future SPEI scenarios from the Climate Change Knowledge Portal created a

powerful narrative because it revealed that hydrometeorological drought could intensify throughout the century.

FIGURE B3.51

Projected Annual SPEI Drought Index in Romania (Reference Period 1995-2014),

Multi-Model Ensemble
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Source: Based on World Bank Group using data from the CMIP6, World Climate Research Program.

An in-depth analysis can be performed using simulations from
available models from the CMIP experiments and from the
Coordinated Regional Downscaling Experiment (CORDEX)
and applying SDHI (see box 3.6). These projections can be
downloaded (expertise required) from several repositories and

portals, for example, the World Climate Research Programme’s

(WCRP) CMIP6 Search Interface, the WCRP’s Cordex Search
Interface, or the Climate Data Store." The model intercomparison
projects also provide simulations from global water models
and global hydrological models, which can aid in developing

projections for different SDHI.
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3. ASSESSING DROUGHT RISK (BLOCK 1)

BOX 3.6

Hydrometeorological Drought Future Scenario Development for the Angola

Climate Change and Development Report

As part of the Angola Climate Change and Development Report, researchers used outputs of the Coordinated

Regional Downscaling Experiment (CORDEX) and the Coupled Model Intercomparison Project Phase 5 and
Phase 6 (CMIP5 and CMIPG6), as depicted in figure B3.6.1 and figure B3.6.2, to study projected changes in the
frequency of droughts (in 10-year intervals) with a 12-month Standard Precipitation Index (SPI-12) or Standard

Precipitation Evapotranspiration Index (SPEI-12) less than -1.0 (a condition of moderate drought).

Overall, droughts characterized by rainfall (SPI) show no uniformly strong change in the future, as the trends in

the different modelling approaches differ. However, projections of individual models indicate possible increases

in the frequency of drought years. The SPEI shows a more significant change in the future for some of Angola’s

basins. The CORDEX projections point to a more significant increase in drought, particularly in southern Angola

(World Bank Group 2022).

FIGURE B3.6.1

Frequency of Drought Years with SPI-12 Values Less Than -1 (per Decade)
in Historical Simulations and Projections Under the RCP85/SSP585 Scenario
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BOX 3.6 (continued)

FIGURE B3.6.2

Frequency of Drought Years with SPEI-12 Values Less Than -1 (per Decade)
in Historical Simulations and Projections Under the RCP85/SSP585 Scenario
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These data can further be explored through additional models
(including hydrologic models) to get additional insights
recognizing the inherent uncertainty. The World Bank is piloting
a hydro-climatic stress test tool to perform drought-related
sensitivity analyses using climate scenarios. This approach
aligns with the Decision Making Under Deep Uncertainty
(DMDU) approach and is recommended for block Il of the
DRRA. Working with sensitivity analyses, scenarios, or both
requires several weeks or months of consultancy work by an
expert proficient in handling climate projections data, analysis,

and interpretation.

Another advanced option involves basin-level hydrological
simulations under future climate change conditions, with the
previously mentioned climate scenarios as model inputs.
Setting up a model from scratch exceeds the typical scope of
a DRRA. Therefore, a prerequisite for adopting this approach
is having an existing, well-validated, and calibrated model that
accurately represents local hydrological dynamics. If feasible,
this method can provide relatively precise and context-specific
predictions, enhancing teams’ understanding of future runoff

conditions for a range of scenarios.
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3. ASSESSING DROUGHT RISK (BLOCK 11)

World Bank CCDRs aimed at proposing measures for diversified
and climate-resilient development often include analysis of
climate change scenarios to highlight the potential impacts
of climate change on drought occurrence and severity (see
box 3.6). Block Il can pull from the outputs of a CCDR for the
target country or region. Table 3.3 presents methodologies for

characterizing trends in future drought hazards.

Future drought hazard characterization
requires considering general circulation models, such as
CORDEX and CMIP outputs, as well as CCDRs developed by
the World Bank. Prior hydrological models built for the target

area can support a more advanced assessment.

3.3 Assessing Current and
Recent Drought Impacts

Disaster impacts can include economic, human, and
environmental impacts. Given the general slow onset of
droughts, impacts gradually evolve; they are geographically
and temporarily dispersed and both direct and indirect. Thus,
drought impacts are often less visible and more difficult to
assess or attribute to drought.

Drought impact assessments often prioritize agriculture
due to its immediate and more easily measurable economic
losses. However, drought can affect multiple sectors, including
the environment, forestry, biodiversity, water supply, power

generation, and tourism sectors (see figure 3.2).

Capturing lessimmediate and visible aspects of droughtimpacts,
particularly in areas such as public health and ecosystems, is
recommended. Droughts can significantly affect public health
by increasing dust and can heighten risk of diseases due to
water reductions or pollution. The stress and anxiety associated
with water shortages and failing crops can contribute to
mental health issues, particularly in rural communities that rely
heavily on agriculture for their livelihoods. Droughts can have
a tremendous effect on impoverished communities and local

economies in many other ways.

Addressing drought impacts on biodiversity and ecosystem

services (ecological drought) is also crucial. IDMP developed
a comprehensive list of potential drought impacts, which
is presented in an annex of National Drought Management
Policy Guidelines: A Template for Action (Wilhite, WMO, GWP,
and National Drought Mitigation Center 2014). Unless the
DRRA has a clear sectoral focus, an impact assessment should
address all the categories of impacts that are relevant in the

given country or region.

Moreover, the economic consequences of drought extend from
macroeconomic levels to individual households. Currently,
there is a need to expand evaluations to include impacts on
other systems beyond agriculture to improve drought risk
characterization (Venton et al. 2019; Akyapi, Bellon, and Massetti
2022). By characterizing the impacts of past or ongoing drought
events, decision-makers can estimate potential economic losses
and social disruptions, aiding in the development of appropriate
policies and preparedness measures.

A range of impacts—ideally,
those that are direct/indirect, structural/nonstructural, and
monetarily/non-monetarily quantifiable—are assessed for all

relevant sectors and levels of drought severity.

Modeling indirect and less evident impacts and risks linked
to drought across sectors is challenging due to the dynamic
and diverse variables involved. The complexity arises from the
temporal lag between drought events and observable effects,
coupled with the intricate interactions among various factors
within each sector or system. The feasibility of constructing
accurate models is constrained by this inherent complexity,
so only an extensive compilation of information related to the
different variables involved would allow teams to expand the
characterization to impacts on systems not so obvious, such

as the manufacturing sector and ecosystem services.

Knowledge of drought impacts reveals drought
risk hotspots and vulnerabilities that inform prioritization
of efforts and resource allocation. Previous building blocks
are also linked to drought impact definition: drought hazard
characterization is essential to mark pre- and post-disaster
baselines, or drought versus normal conditions baselines.

Success in implementing block Il can be particularly subject
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TABLE 3.3

Methodologies for Characterizing Main Trends in Future Drought Hazards

Quick overview
based on
interactive maps
and graphs of
regional and
country climatic
projections™

®

Immediate.

No expertise required.

The description of the
hazard will consist
mainly of visual
material obtained
from portals and will
include no extensive
data analysis.

Resolution or
accuracy issues.

Interactive maps:

- World Bank Climate Change
Knowledge Portal
+ World Bank Geospatial Platform

+ World Bank HydroInformatics
Catalog

+ FAO Earthmap
+ WGI Interactive Atlas

+ NOAA Climate Change Web Portal

+ Climate Data Factory Interactive Map
+ WRI Aqueduct Water Risk Atlas

+ KNMI Climate Change Atlas

Publications:

- Zeng et al. (2022)

- Vicente-Serrano et al. (2022)
- Christian et al. (2023)

See application example in box 3.7.

Detailed
overview using
the NEX-GDDP-
CMIP6 dataset
(e.g., in Google
Earth Engine)

or World Bank
Climate Change
Knowledge Portal
CMIPG6 data

2lo
cls

Fast.

Data-driven
assessment.

Flexible.

Based on downscaled
information, which
should be interpreted
with caution due

to uncertainties
associated with such

Limited variables
included.

It requires some
expertise (less for
World Bank Climate
Change Knowledge
Portal data).

Challenges

in accurately
reproducing fine-scale
details and nuances

Application examples:

+ Ghazi, Dutt, and Haghighi (2023)

- Xu et al. (2023)

+ World Bank Climate Change
Knowledge Portal

+ NASA Earth Exchange Global
Daily Downscaled Projections
NEX-GDDP-CMIP6

information.
and complex spatial
interactions.
In-depth analysis :O’_ Data-driven Requires an expert. Application examples:
applying SDHI " | assessment.

to simulated
scenarios (CMIP,
CORDEX, etc.)
or sensitivity
analysis applied
to SDHI

@@
Zlele

‘s

\

‘v

\

\

$

Most flexible (models,
variables, scales)
assessment.

Based on downscaled
information, which
should be interpreted
with caution due

to uncertainties
associated with such
information.

Challenges

in accurately
reproducing fine-scale
details and nuances
and complex spatial
interactions.

+ See Angola CCDR in box 3.6
+ See other CCDRs

Simulations from available models:
+ WCRP CMIP6 Search Interface
- WCRP CORDEX Search Interface

+ Copernicus Climate Data Store

(table continues next page)
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https://climateknowledgeportal.worldbank.org/
https://climateknowledgeportal.worldbank.org/
https://maps.worldbank.org/
https://www.spatialagent.org/HydroInformatics/
https://www.spatialagent.org/HydroInformatics/
https://earthmap.org/login
https://interactive-atlas.ipcc.ch/
https://psl.noaa.gov/ipcc/cmip6/
https://climate.theclimatedatafactory.com/
https://www.wri.org/data/aqueduct-water-risk-atlas
https://climexp.knmi.nl/plot_atlas_form.py
https://climateknowledgeportal.worldbank.org/download-data
https://climateknowledgeportal.worldbank.org/download-data
https://registry.opendata.aws/nex-gddp-cmip6/; https:/developers.google.com/earth-engine/datasets/catalog/NASA_GDDP-CMIP6
https://esgf-data.dkrz.de/search/cmip6-dkrz/
https://esgf-data.dkrz.de/search/cordex-dkrz/
tps://cds.climate.copernicus.eu/cdsapp#!/dataset/projections-cmip6

3. ASSESSING DROUGHT RISK (BLOCK 1)

TABLE 3.3 (continued)

Methodology Budget Effort Strengths Weaknesses Reference

Hydrological @ -O- Same as above. Same as above. Application examples:
Si"‘;“lafti:“ I, Can take into account Feasible for a DRRA - Wuetal. (2022)
under future 2C )-| local hydrological only if the target area

. LA - Tenagashaw (2022)
cllma}t.e change @ . s dynamics better and has validated and .
cond_ltlo!ls and | potentially yield the calibrated models. * Khoi et al. (2021)
application of @ /" | most accurate results.
SDHI to the =
simulated
variables

Source: World Bank Group.
* This methodology can be utilized even without specialized expertise or resources for more in-depth analyses.

FIGURE 3.2

Overview of Sectors Impacted by Drought

Agricultural sector Non-agricultural sector

Water supplies in form of stream flow, reservoir,
wetlands, groundwater, etc.
Crop and pasture losses Other industries/
» business losses
‘_
Horticulture
Crop and pasture losses <

Soil moisture deficit

Tourism and [yl and landscaping
recreation services losses

Secondary economic impacts ) A e

Direct economic impacts

Direct economic impacts

-

Overall economic impacts of droug

Source: Adapted from Ding, Hayes, and Widham 2011.
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to the readiness of the country and the demand for a DRRA
because significant local engagement and effort are required

to collect data on drought impacts.

Important
insights about how to perform the analyses for this sub-block
appear in King-Okumu (2019) and Ding, Hayes, and Widhalm (2011).

To understand impacts, experts often start with impact chain
identification. In a study of drought impact chains, normally
based on conceptual maps and narratives, they analyze the
cause-and-effect relationships of drought on various aspects
of society and the environment. Conceptual maps visually
represent the complex linkages and interactions between
drought-related factors and their consequences. Narratives
provide detailed descriptions of how these factors unfold and

affect different sectors, communities, and ecosystems.

By combining conceptual maps and narratives, practitioners
gain a deeper understanding of the interconnections and
the cascading effects of drought. This approach is based
on interviews, surveys, and workshops with stakeholders
to identify how changes can lead to effects across multiple
areas and to understand the context-specific complexity
of a drought’s impacts. If made available for the study area,
social accounting matrices can reveal how different sectors
of the economy are interconnected and how shocks in one
sector propagate throughout the entire economy. A qualitative
recognition of the impact chains is a helpful starting point for
this sub-block; in many areas, the lack of data will prevent a

more in-depth analysis and quantification.

The World Bank’s Water for Shared Prosperity (Zhang and
Borja-Vega 2024) could provide valuable insights and
references to understand how droughts might affect the
target area over time, particularly in relation to the four
pillars of prosperity: human capital (health and education),
financial capital (jobs and income), social capital (peace and

social cohesion), and natural capital (environment). Another

relevant World Bank reference that can support identification
of drought impacts is Droughts and Deficits: The Impact of
Water Scarcity on Economic Growth (Zaveri, Damania, and
Engle 2023).

Some approaches aim to value impacts. Various initiatives
tackle database compilation and monitoring of drought
impacts, including the U.S. Drought Impact Reporter, the
Caribbean Climate Impacts Database, and the JRC European
Drought Observatory, and, at the global level, DesInventar and
EM-DAT.”? A forthcoming publication of the National Drought
Mitigation Center (housed at the University of Nebraska—
Lincoln) reviews these databases. In general, the databases
include minimal information for developing countries due to
data collection challenges. It is important to check whether the

target area has relevant registers in these databases.

The analytical framework of a Post-Disaster Needs Assessment
(PDNA) attempts to study disaster impacts but often focuses
on immediate effects, leading to underestimation. Moreover,
comprehensive valuations are challenging due to reliance on
local feedback, which may not systematically track damages
and losses. PDNAs rely on Damage and Loss Assessment
(DALA). The Global Facility for Disaster Reduction and Recovery
developed a detailed guide for DALAs (GFDRR 20104, b, c).
They define pre- and post-disaster baselines or situations and
estimate damage and losses on, typically, each of the most

directly and immediately affected sectors.

PDNAs often estimate macro-economic impacts. They collect
data, typically from government agencies and national statistics
offices, on economicindicators such as gross domestic product,
industrial production, trade, investment, and government
revenues and expenditures. They then compare baseline
scenarios with the drought event. Guidance for establishing
connections is available in Freire-Gonzalez, Decker, and Hall
(2017) and Zaveri, Damania, and Engle (2023), among others.
Assessment of macro-economic impacts is recommended to

complement other analyses in this sub-block.
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3. ASSESSING DROUGHT RISK (BLOCK 11)

A tool related to a PDNA but focused on communities is
the Human Recovery Needs Assessment (HRNA) or Human
Impact Assessment, which focuses on social, economic, and
environmental impacts on affected populations. It involves
a systematic and structured process of interviews, surveys
(to identify vulnerable groups and areas), and data gathering
to prioritize recovery interventions and effectively allocate
resources. HRNAs also can support long-term preparedness

actions.

Like DALAs, HRNAs require government endorsement and
the participation of affected communities. The EU, UNDP,
and the World Bank developed guidelines to perform HRNAs
(EU, UNDP, and WBG 2019). Alternatively, a version of the
assessment, Social Impact Assessment, can be carried out.
The World Bank and GFDRR prepared a manual for analyzing
the social impacts of disasters (World Bank and GFDRR 2015).
A DALA/PDNA-like impact collection exercise may be the only

option in data-scarce environments.

PDNAs and the connected assessments mentioned above,
along with drought impact databases, often focus solely on
recording the impacts of a specific/current drought event.
The advantage of event-driven data collection and analysis
is that it directly attributes impacts to droughts, based on
local and expert knowledge. However, by definition, it does
not include previous droughts. To quantify drought impacts
more extensively, continuous quantitative longitudinal data
collection, from country official statistics or agency reports, is
crucial. This effort establishes baseline conditions and allows
comparison of conditions during droughts and during non-
drought periods, indicating the relative severity of drought
impacts historically. Some quantitative longitudinal datasets
may exist for purposes other than drought but show a “drought

signal” (see box 3.7).
Importantly, using such a bottom-up approach often
poses aggregation and double-counting issues driven by
socioeconomic and environmental interlinkages. A potential
remedy could be to adopt a model-based approach, at the

expense of additional simplification and the need to make

assumptions about several parameters, for which stakeholders
and expert judgment can be helpful. The references to PDNA
and DALA assessments in table 3.4 offer guidance on how to

minimize these potential problems.

When displacement is a consequence of drought, measuring
its extent can avoid any implicit place-based bias in socio-
economic estimates. For instance, baseline impact numbers
often rely on pre-disaster statistics, which fail to account for
displacement as well as the likelihood of return. The needs
of a population in a given area are influenced by migration
because a decline in population can reduce the needs at the
disaster location. In any case, it is beneficial to support impact
assessments with a “following the people” approach, rather

than relying solely on a place-based analysis.

Even if reported damages and losses are the preferred

indicators of actual drought impacts, remote sensing is
becoming increasingly valuable as a proxy for tracking those
impacts in data-scarce environments because it offers large
spatial coverage and frequent measurements. Use of remote
sensing enhances the efficiency of data collection and provides
a sustainable and scalable solution. Assessments should
incorporate an evaluation of impacts in those sectors/systems
that can be tracked with earth observation, such as agriculture
and, importantly, the environment. Remote sensing can allow
teams to count on indicators of dust accumulation, wildfires
linked to drought, wetland degradation, forest damages, and
so on. Box 3.7 mentions how remote sensing analyses were

used to assess drought impacts in Romania.

Analysis of drought impact data may involve descriptive
statistics in drought and normality scenarios, trend analysis,
correlation analysis, or more sophisticated approaches, such as
regression or machine learning algorithms. Table 3.4 presents

methodologies for drought impact assessment.

Statistical data, censuses, stakeholder/
household surveys, interviews, and remote sensing data are
needed for drought impact assessments. King-Okumu (2019)

reviews the data sources for such assessments.
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Flore de Preneuf/ World Bank

BOX 3.7

Drought Impact Assessment for Romania

For the characterization of drought impacts in Romania, spatial-temporal data series at different scales and
timeframes were assessed for the following sectors and systems: (1) agriculture, livestock, and fisheries,
(2) energy production, (3) inland fluvial transportation, (4) industrial productivity, (5) natural ecosystems,

and (6) water supply.

The National Database Romanian Tempo Online statistics and EUROSTAT statistics for Romania facilitated the

data compilation task. Romanian authorities provided some of the time series data, particularly 2022 data.

The data on sectors and systems encompasses different temporal intervals, occasionally focused on the
most recent drought (2022), while in other instances extending further back in time. In some cases, the

analyses relied only on historical data that, regrettably, does not include 2022 data.

The research team compared these variables to the Standardized Precipitation-Evapotranspiration Index
(SPEI) and Standardized Precipitation Index (SPI) results obtained in previous steps and described in boxes
3.1, 3.3, and 3.5. The specific methodology used to link hazard and impact often is based on the correlation
of the SPEI (or SPI) series in a specific river basin administration (calculated for the previous section) with
the variables relative to each impact. To measure how much the impact variables change in drought periods,
the study team applied statistical techniques and graphical representations to compare two samples, the
first taken in periods of normality and the second, during a drought. For example, for national hydropower
production, the team found a correlation close to R 0.7 with an average SPEI6. Researchers were able to

attribute and measure the mean reductions expected under different drought thresholds (see figure B3.7.1).

(box continues next page)
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BOX 3.7 (continued)

FIGURE B3.71

Hydropower Generation in Romania, 2000-2022
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Source: Adapted from World Bank 2024.

As a complement to the ground data analyses, the team prepared a remote sensing-based overview of the changes

in vegetation health, dry matter production, and yields of some key crops with data from Copernicus to assess the

losses

experienced during the most severe droughts.? The team validated the losses using local statistics.

The heterogeneity of the gathered datasets conditioned the level of detail of the assessment performed for each

sector/system, but using a variety of approaches allowed researchers to provide a holistic overview of impacts
attributable to drought.

2 Copernicus Global Land Service, “Vegetation,” https://land.copernicus.eu/global/products/dmp.
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Romwell “Ouie” Sanchez / USAID

TABLE 3.4

Methodologies for Drought Impact Assessment

Methodology Budget| Time | Effort Strengths Weaknesses Reference
Preparation of @ ;O: Compatible with all Event-based assessment. Established databases:
an overview " | the methods. Heavily reliant on pre- - DesInventar
based on the Rapid, easy, existing database on a . EM-DAT
|nformat|f)n from inexpensive. drought in the country/ _ ,
an established region/impact monitoring - Caribbean Climate Impacts
impact database/ system. Database
monitoring + EU JRC European Drought
system in the Observatory
country/region™ . .

- Famine Early Warning Systems
Network

Remote sensing "' Compatible with and Connection to the ground References:

analysis, with

earth observation
variables used as
proxy of impacts*

@,
0o

complementary to all
the methods. Allows
for expansion to
some environmental
impacts.

Rapid, inexpensive.

non-existent because the
approach is desk-based.

Social effects of drought
cannot be directly
captured.

Unlikely to consider
the needs of the most
vulnerable.

Heavily reliant on pre-
existing data accessible
outside the target country.

- Global RApid post-disaster Damage
Estimation (GRADE) approach
Gunasekera et al. (2018)

+ Copernicus

- GEE for easy-to-access data
on water presence, vegetation
health and productivity, dust,
fires, groundwater dynamics, etc.

See application example in box 3.7.
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https://www.desinventar.net/
https://public.emdat.be/
http://rcc.cimh.edu.bb/cid/
http://rcc.cimh.edu.bb/cid/
https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
https://fews.net/
https://fews.net/
https://land.copernicus.eu/global/products/dmp
https://worldbankgroup-my.sharepoint.com/personal/nengle_worldbank_org/Documents/NLE Files/Water GP - 2017/+Drought Business Line - FY23/Workstreams/Workstream - DR&RA/developers.google.com/earth-engine/datasets/catalog

3. ASSESSING DROUGHT RISK (BLOCK 11)

TABLE 3.4 (continued)

HRNA or Compatible with the other Requires local interaction Reference:
Human Impact 2 : approaches. and feedback (time- EU, UNDP, and WBG (2019)
Assessment = People-centered: consuming).
@ assesses impacts on the Sample might not be fully
ground and needs of the representative.
most vulnerable.
Impact chains .~ | Compatible with all the Qualitative. Application examples and
identification @ :Q: other approaches. Requires local interaction references:
2| Can be developed and feedback (time- - Liickerath, Rome, and Milde (2023)
@ A/ with dlff(.erent le\./els of consuming). - EDORA Project impact chains
= complexity/detail. o
definition
Identifies main issues .
linked to drought based " Zhang and Borja-Vega (2024)
on input from local
stakeholders.
Estimation of . | Compatible with all the Connection to the ground is References:
the drought @ ZQ: other approaches. minimal. - Freire-Gonzalez, Decker and Hall
macro- <. | Rapid, easy, inexpensive, Rapid and desk-based. (2017)
::::Ztmlc @ 3 . g unl.ess amore adyanced Lacks inclusion of the needs - Zaveri, Damania, and Engle (2023)
?ptuon .that lotok.s mlto the of the most vulnerable. - Damania et al. (2017)
uture impacts is also
used P Heavily reliant on pre- + Global Change Assessment Model
' existing data. (GCAM), an integrated assessment
Captures effects through tool for exploring sectoral
supply chains. consequences and responses to
global change. Can be narrowed
Some tools allow for ex-
N deling of i + down to drought effects. Can
ante modeting of impacts. provide a sense of future impacts.
Datasets:
+ World Bank Open Data
- OECD Stats
+ OCHA humanitarian data by
development partners worldwide
PDNA/DALA <. | Economic caseis Event-based assessment, so References:
(or adaptations) @ 1@: presented. itf;nistses indirect and lagged - DALA methodology parts 1-3
.| Methods are etiects. GFDRR (2010a, b, c)
@ \_/| comprehensive: cross- Time constraints may - PDNA methodology
= sectoral, long-term view. compromise application.
@ Intended to be multi- Connection to the local level | * EC: GFDRR, and UNDG (2013)
scale and include and affected communities is
fieldwork. acknoyvledged to pe weak,
especially where timeframes
Relatively fast if pre- are constrained.
existing statistics exist. . . _—
Heavily reliant on pre-existing
data accessible in the target
country.
Expansion/ @ :O: Same strengths as Same weaknesses as PDNA/ Reference:
:(;e;‘p;/agzrixf the N F‘DNA/DALA b.ut also EAL?‘, although not event- OCHA humanitarian data by
lik ;‘ S mcorpprates risk ased. development partners worldwide
Ike approach @ 2\, )| -evolution. Not possible in data-scarce s lication example in box 3.7
with lt.)ng.ltudlnal s environments. ee application example in box 5./.
quantitative . .
data Likely to take more time.

Source: World Bank Group.

* This methodology can be utilized even without specialized expertise or resources for more in-depth analyses.
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https://edo.jrc.ec.europa.eu/edora/php/newsletter.php?id=2
https://edo.jrc.ec.europa.eu/edora/php/newsletter.php?id=2
https://github.com/JGCRI/gcam-core
https://github.com/JGCRI/gcam-core
https://data.worldbank.org/
https://stats.oecd.org/
https://data.humdata.org/dataset
https://data.humdata.org/dataset

3.4 Assessing Country/Region
Vulnerability to Drought

WHY THIS BUILDING BLOCK IS IMPORTANT:
A high level of vulnerability to drought threatens livelihoods
and fulfillment of the most basic needs. Although one hazard
can affect multiple communities simultaneously, the impacts
manifest to varying degrees in those communities, depending
on their level of vulnerability or resilience. Vulnerability
is generally understood as a function of sensitivity and
coping (or adaptive) capacity (Serrat-Capdevila et al. 2022;
Nakicenovic et al. 2000). Because droughts often involve
complex interactions among many hydrometeorological,
environmental, and socioeconomic factors at different scales
and over time, the vulnerability element becomes crucial in

understanding those interactions.

POSSIBLE RESULTS: This step will lead to a vulnerability
assessment (see figure 3.3), which can help decision-makers
prioritize adoption of drought preparedness measures. The
vulnerability assessment aims to identify what causes risk and

how it is managed in the analyzed areas.
Vulnerability assessments offer a strong entry point for

stakeholder identification and engagement, which can create

awareness of the approach, its objectives, and its opportunities

FIGURE 3.3

while minimizing the likelihood of plan failure, as well as foster

political ownership (De Nys, Engle, and Magalhdes 2017).

King-Okumu (2019) categorizes vulnerability approaches as
(1) people-centered, (2) land-based mapping and models of
ecosystem service production, and (3) hydrometeorological
assessments including water balance accounting. Some
approaches focus on a single criterion, whereas others use

multi-criteria.

Most vulnerability assessments are based on indication (that
is, they rely on producing indicators of vulnerability), but they
do not explicitly provide a value for the potential losses that
they identify and, therefore, are not based on those losses
and hence are distinguished from impact assessment. If an
impact assessment has been successfully completed, teams
are encouraged to include empirical approaches based
on attribution/contribution in vulnerability assessments. By
characterizing past drought events’ intensities, duration, and
associated impacts, teams can link the drought hazard to its
consequences in different systems/sectors or areas, identifying
the most vulnerable ones. These attribution/contribution
assessments help establish linkages and relationships between
vulnerability factors and observed impacts (see box 3.8). In any
case, empirical approaches to vulnerability assessment can be
complemented with modeling of relevant sensitivity and coping/

adaptive capacity factors.

Exploring Vulnerability in Impact and Vulnerability Assessments

ol bl B2

O 000 Y

Historical
drought
events

DROUGHT
IMPACTS
PATHWAY

Drought
impacts

Source: Adapted from FAO 2024.

%7

Vulnerability
factors

Dimensions of

vulnerability VULNERABILITY
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BOX 3.8

Multidimensional Vulnerability Assessment for Romania

Researchers performed a straightforward vulnerability assessment of all the sectors for which sufficient
historical data on impacts were compiled. They ranked highly impacted systems and areas at equivalent drought

hazard scores, following the logic of figure B3.8.1.

FIGURE B3.81

Empirical Estimation of Vulnerability Levels Based on the Impact Experienced
at Various Drought Hazard Levels

0.9
0.8

07

Experiencing higher impact than

06 . expected for that hazard level

0.5

0.4 Experiencing lower impact than

expected for that hazard level
0.3

0.2

Drought hazard (expressed in probability of exceedance)
=

0 10,000 20,000 30,000 40,000 50,000 60,000

Quantified impacts

Source: Example based on World Bank 2024.

Once vulnerability patterns are recognized, they can be compared to socioeconomic indicators, water access,
water scarcity levels, types of vegetation and crops, and so on (see figure B3.8.2). Consequently, the drivers of
vulnerability are recognized, which in some cases will provide a sense of coping capacities and in other cases

will point to sensitivity issues.
(box continues next page)
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BOX 3.8 (continued)

FIGURE B3.8.2

Creation of Empirical Vulnerability Scores and Maps Based on Attribution of Impacts

Magnitude of impacts
in system A, for
example, decrease in
rainfed agriculture
production, in
moderate droughts
(e.g., SPEI <-1)

Magnitude of impacts
in system B, for
example, increase

in forest fires, in
moderate droughts
(e.g., SPEI <-1)

Magnitude of impacts
in system C, for
example, decrease in
-~ wetland extension,
* in moderate droughts
(e.g., SPEI<-1)

Patterns are
compared with crop
types, agricultural
practices, and other
socioeconomic
values to decipher
drivers of vulnerability

Patterns are
compared with
vegetation types,
water stress values,
agricultural practices,
socioeconomic
variables etc.

to decipher drivers
of vulnerability

Patterns are
compared with

water stress values,
types of basins, and
WRM variables, for
example, to decipher
drivers of vulnerability

Values can be
overlayed for
an aggregate
vulnerability
indicator

Source: Example based on World Bank 2024.

It is helpful to overlap and combine frameworks to balance out
possible strengths and weaknesses, as indicated in table 3.5.
Integrating several approaches (King-Okumu 2019), both

indication and attribution-based and empirical and modeling

approaches, ensures a more data-driven, informed, and
holistic understanding of drought vulnerability. However, the
complexity of the exercise will be conditioned by available

resources and local engagement.
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TABLE 3.5

Methodologies for Vulnerability Assessment

Vulnerability
assessment
based on

ranking highly
impacted systems
and areas at
equivalent

Once impacts are
assessed, it takes little
effort to pinpoint the
main vulnerable sectors/
systems, crops, areas,
etc.

Requires a quantitative
impact assessment.

Might not allow for
linking vulnerability
levels to characteristics
of sectors/systems,

Inspiration for addressing different
sectors/systems:

- Pedro-Monzonis et al. (2016)
- Simelton et al. (2009)
- Bottero et al. (2017)

Data-driven: drought crops, etc. - Kern, Su, and Hill (2020)
drought impact data and hazard
haza_rd scores. data comparison helps o )
Attrlb.utuln identify areas, crops, and See application example in box 3.8.
exercise. sectors that suffer most.
Can support
distributional impacts
identification.
Can focus on affected
critical facilities.
Global drought @ Visually comparative, Usually focus on References:
vulnerability within or among national level. - Carrdo, Naumann. and Barbosa
maps* countries. Does not always target (2016)
Providesa the most drought-prone | . 1\yMT geovisualization portal
c9ntextuallzed initial areas within countries. Mapping Drought Patterns and
picture. Vulnerability map does Impacts: A Global Perspective
not stand alone without | . Grigded Livestock of the World
éxposure map. (not exclusively for drought
vulnerability, more for exposure)
+ Gridded Population of the World
(not exclusively for drought
vulnerability, more for exposure)
+ EU JRC Drought vulnerability
indicators for global-scale drought
risk assessments
- Richts and Vrba (2016)
- Zhang and Borja-Vega (2024)
Tracking of SDGs* All countries have Focus on national-level Reference:

committed, and the
international community
is positioned to provide
support.

datasets.

Does not always target
the most drought-prone
areas within countries.

Sustainable Development Report
Portal

Macroeconomic
assessment
approach

and attribution
exercise*

OIS,

0O

Can explore how much
the economy relies on
water-intensive sectors.

Can explore long-term
economic effects of
drought on the economy.

Relatively fast and
straightforward.

Often overlooks
informal economies.

Economic assessments
are controversial

and often contested/
rejected.

Attribution not easy.

Reference:

Most PDNAs of droughts include
subnational description of
vulnerabilities based on the macro-
economic shocks experienced in the
target drought event.

More advanced application examples:
- World Bank (2005)
- USAID (2018)
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https://waterdata.iwmi.org/applications/Drought_Patterns_Map/
https://waterdata.iwmi.org/applications/Drought_Patterns_Map/
https://data.apps.fao.org/catalog/dataset/glw
https://sedac.ciesin.columbia.edu/data/set/gpw-v4-basic-demographic-characteristics-rev11
https://publications.jrc.ec.europa.eu/repository/handle/JRC117546
https://publications.jrc.ec.europa.eu/repository/handle/JRC117546
https://dashboards.sdgindex.org/map
https://dashboards.sdgindex.org/map

TABLE 3.5 (continued)

Institutional
analysis and
capacity

assessment

@

Situates assessment
in governance context.
Provides roadmap for
design of assessment
process.

Connects well with
block I and with
subsequent building
blocks.

Subjective, political,
dynamic.

Identifying and
including all relevant
stakeholders can be
challenging.
Requires local
interaction and
feedback (time-
consuming).

Application examples:
- Green Nylen et al. (2018)
- Khan, Gao, and Abid (2020)

People-centered:

Community-
based resilience
and livelihoods
assessment
approach and
other inclusive
approaches

QICI®

OO

Analysis broader than
income only.

Includes economic
case at the household
level.

Can accommodate
long-term time horizon.

Considers capacities
and different types of
sensitivities relevant to
drought, linked to basic
population metrics.

Supports distributional
impacts identification,

pinpoints groups at risk.

Familiar to
practitioners.

Connects to
agroecosystems.

Data-intensive and
time-consuming.

Focuses on household
scale; may not be
multi-scale.

May not capture
effects on the national
and regional economy.

May be logistically
challenging.

Representativity
issues.

In pre-existing conflict
situations, can be
sensitive.

Often misses
identification of
strategic water
management
solutions.

Application examples:
- Limones et al. (2020)
- Farahani and Jahansoozi (2002)

+ Ayantunde, Turner, and Kalilou
(2015)

- Ghimire, Shivakoti, and Perret
(2010)

+ Mdemu (2021)

+ Scognamillo, Mastrorillo, and
Ignaciuk (2022)

+ Buurman, Bui, and Du (2020)
- Naumann et al. (2014)

Frameworks for performing the
assessment:

- UNDP and EC (2016)

+ National Drought Mitigation Center
etal. (2011)

- FAQ: Guidelines I&V assessments

- FAQ: Climate Vulnerability and
Capacity Analysis Handbook
(not focused exclusively on
drought; includes case studies
using methodology)

- PROVIA (2013)

- Compilation of useful indicators
for this type of approach available
within EU JRC drought vulnerability
indicators for global-scale drought
risk assessments Meza et al. (2018)

Some open datasets:
+ Global Data Lab

+ IHSN Past household surveys by
development partners worldwide

+ OCHA humanitarian data by
development partners worldwide

- E-agriculture assessments by FAO
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https://www.fao.org/in-action/drought-portal/preparedness/vulnerability-and-impact-assessment/compendium---chapter-2/en
https://www.fao.org/agrifood-economics/areas-of-work/rima/en/
https://www.fao.org/agrifood-economics/areas-of-work/rima/en/
https://globaldatalab.org/
https://catalog.ihsn.org/catalog/?page=1&ps=15
https://data.humdata.org/dataset
https://www.fao.org/e-agriculture/our-themes

3. ASSESSING DROUGHT RISK (BLOCK 11)

TABLE 3.5 (continued)

Ecosystem- | Examines the susceptibility | Minimalinclusion of Application examples:
based ~Q~ and health of vegetation, poor and marginal - Sultana et al. (2023)
agroecological “ changes in biodiversity groups. - Bahta, Jordaan, and Phatudi-Mphahlele
approach @ -( )- | andimpacts on wildlife Not always (20193 \
= and natural habitats. systematic and
Y T y . - Zhang et al. (2021)
3 Y. | Supports distributional more oriented to )
/" | impacts identification. agriculture than - Tsesmelis et al. (2019)
Ensures coverage of other sectors. Frameworks for performing the
resource-dependent May not capture assessment: Only for sophisticated
production systems. vulnerabilities in versions, often beyond the scope
Can connect to climate urban areas. ofDRRAs:
models and to economic Focuses on field - Biodiversity, Ecosystems, and
models. scale—may not be Landscape Assessment
Can be mapped and multi-scale. - Economics of Land Degradation
monitored at low cost Relatively short time - System of Environmental-Economic
using satellite-derived horizons. Accounting
data. Does not consider - Integrated Valuation of Ecosystem
Many agricultural water needs in Services and Tradeoffs
adaptation options likely other sectors of the - FAO (2017)
to be identified. economy.
Open datasets:
+ The Economics of Ecosystems and
Biodiversity (TEEB) database with
country-wide accounting of main
ecosystem services
+ Ecosystem Services Valuation
Database Portal
+ European Drought Observatory
(EU JRC Risk of Drought Impacts for
Agriculture indicator)
+ MAES: Mapping and Assessment
of Ecosystems and their Services
(shapefile and attributes with down
scaled ecosystem services in Europe)
Water balance ~_ | Can be performed easily Difficult to apply in Application examples:
accounting @ ZO: with water access statistics | data-scarce regions. - Serrat-Capdevila et al. (2022, 2023)
and basin < in the country. - o S
SN y o Institutional - Karimi, Pareeth, and Michailovsky (2019)
management @ ;O; Can capture vulnerability challenges in
approach s of water resources, coordinating - Hoque et al. (2021)
': :' zm;g,?sggaé;y:;:;m' and data collection, Note: there are many examples in
S ) o manag.ement, and the literature; these represent easy
Considers water availability | analysis. applications, sufficient for a DRRA.
and demand across the Data on water
economy. extractions often Some open datasets:
Can connect to climate incomplete in - AQUASTAT & AQUAMAPS Portal
models ant.j scenarios and drought-affected . Aqueduct Water Risk Atlas Data
early warning systems. areas.
. e + TerraClimate: Monthly Climate and
C ble identificati f i
an er.13 e ldentification o !Vlay reqtflre Climatic Water Balance (available
capacity needs. information on in GEE)
Can include factors such as groundwater _ - .
WASH, access to irrigation, management. + Compilation of usefulllndlcato'rs for this
or storage availability. type of approach avallg.ble.m.thln EU
o JRC drought vulnerability indicators for
§upport§ dlst.rl.butllonal global-scale drought risk assessments
impacts identification.

Source: World Bank Group.

* This methodology can be utilized even without specialized expertise or resources for more in-depth analyses.
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https://www.progreen.info/knowledge/global-knowledge-program/bela
https://www.progreen.info/knowledge/global-knowledge-program/bela
https://www.eld-initiative.org/en/
https://seea.un.org/
https://seea.un.org/
https://naturalcapitalproject.stanford.edu/software/invest
https://naturalcapitalproject.stanford.edu/software/invest
https://www.es-partnership.org/esvd/esvd-download/original-teeb-database/
https://www.es-partnership.org/esvd/esvd-download/original-teeb-database/
https://www.esvd.info/
https://www.esvd.info/
https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
https://data.jrc.ec.europa.eu/dataset/7e3f0681-5967-41f7-ae9b-87f1c3cfac4f
https://data.jrc.ec.europa.eu/dataset/7e3f0681-5967-41f7-ae9b-87f1c3cfac4f
https://data.apps.fao.org/aquamaps
https://www.wri.org/aqueduct/data
https://developers.google.com/earth-engine/datasets/catalog/IDAHO_EPSCOR_TERRACLIMATE
https://developers.google.com/earth-engine/datasets/catalog/IDAHO_EPSCOR_TERRACLIMATE
https://publications.jrc.ec.europa.eu/repository/handle/JRC117546
https://publications.jrc.ec.europa.eu/repository/handle/JRC117546

Research conducted at broad scales may overlook local context
and legitimacy, while research conducted at narrow scales
can be excessively demanding. Vulnerability assessment
approaches must balance these scales to effectively uncover
the underlying causes of distributional impacts, namely, how
drought affects diverse groups, systems, or sectors differently
depending on their varying degrees of sensitivity and coping/

adaptive capacity.

HOW THIS BLOCK RELATES TO OTHER BUILDING
BLOCKS: Vulnerability is a key element in defining risk and
is necessary for drought risk mapping. It is fully connected to

drought impact assessment, in particular, as depicted in figure

Notes

3.3. Drought vulnerability assessments will allow the transition
to a risk management approach that targets drought resilience
measures to the most vulnerable. Furthermore, vulnerability
assessments can be linked to early warning systems, which

can support both rapid actions and long-term investments.

Data needs: Statistical data, censuses, stakeholder/household
surveys, interviews, and remote sensing data are needed for
vulnerability assessments. King-Okumu (2019) reviews the
data sources for assessment of vulnerabilities to droughts.
Useful indicators are available in the Global Data Lab portal, in
household surveys by development partners worldwide, and

in UN humanitarian data.®

1 United Nations Convention to Combat Desertification, “Drought Toolbox,” accessed June 11, 2023, https://www.unccd.int/land-and-

life/drought/toolbox and Integrated Drought Management Programme, “Monitoring & Early Warning,”

https://www.droughtmanagement.info/pillars/monitoring-early-warning/.

2  SPEI (Standardized Precipitation-Evapotranspiration Index), “SPEI Global Drought Monitor.” https://spei.csic.es/map/maps.

html#months=1#month=6#year=2024.

3 Tokyo Climate Center and World Meterological Organization Regional Climate Center in RA Il (Asia), “ClimatView--A Tool for Viewing

Monthly Climate Data, https://ds.data.jma.go.jp/tcc/tcc/products/climate/climatview/frame.php?&s=1&r=0&d=0&y=2019&m=2&e=8&
t=0&I=0&k=0&s=1, and International Research Institute, “Global Drought Analysis Tool,” https://iridl.Ideo.columbia.edu/maproom/

Global/Drought/Global/CPC_GOB/Analysis.html.

4 Food and Agriculture Organization of the United Nations, “Earth Observation--Agricultural Stress Index System,” https://www.fao.org/

giews/earthobservation/asis/index_1.jsp?lang=en.

5 SPEl “Tools,” https://spei.csic.es/tools.html.

6 Intergovernmental Panel on Climate Change, “IPCC WGI Interactive Atlas,” https://interactive-atlas.ipcc.ch/.

7 National Oceanic and Atmospheric Administration, “NOAA’s Climate Change Web Portal: CMIP6,” https://psl.noaa.gov/ipcc/cmip6/ and

Climate Data Factory, “Climate Data Factory,” https://climate.theclimatedatafactory.com/.

World Resources Institute, “Aqueduct Water Risk Atlas,” https://www.wri.org/data/aqueduct-water-risk-atlas.

9  Koninklijk Nederlands Meteorologisch Instituut, “KNMI Climate Change Atlas,” https://climexp.knmi.nl/plot_atlas_form.py.

10 World Bank Group, “Climate Change Knowledge Portal,” https://climateknowledgeportal.worldbank.org/.

11 Earth System Grid Federation, “CMIP6,” https://esgf-data.dkrz.de/search/cmip6-dkrz/, and Climate Data Store, “CMIP6 Climate

Projections,” https://cds.climate.copernicus.eu/cdsapp#!/dataset/projections-cmip6?tab=overview.

12 United Nations Office for Disaster Risk Reduction, “Desinventar Sendai,” https://www.desinventar.net/ and Centre for Research on the
Epidemiology of Disaster, “Public EM-DAT,” https://public.emdat.be/.

13 Global Data Lab, https://globaldatalab.org/; International Household Survey Network, https://catalog.ihsn.org/catalog/?page=1&ps=15;

and Office for the Coordination of Humanitarian Affairs, https://data.humdata.org/dataset.
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https://www.unccd.int/land-and-life/drought/toolbox
https://www.unccd.int/land-and-life/drought/toolbox
https://www.droughtmanagement.info/pillars/monitoring-early-warning/
https://spei.csic.es/map/maps.html#months=1
https://spei.csic.es/map/maps.html#months=1
https://ds.data.jma.go.jp/tcc/tcc/products/climate/climatview/frame.php?&s=1&r=0&d=0&y=2019&m=2&e=8&t=0&l=0&k=0&s=1
https://ds.data.jma.go.jp/tcc/tcc/products/climate/climatview/frame.php?&s=1&r=0&d=0&y=2019&m=2&e=8&t=0&l=0&k=0&s=1
https://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html
https://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html
https://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en
https://www.fao.org/giews/earthobservation/asis/index_1.jsp?lang=en
https://spei.csic.es/tools.html
https://interactive-atlas.ipcc.ch/
https://psl.noaa.gov/ipcc/cmip6/C
https://climate.theclimatedatafactory.com/
https://www.wri.org/data/aqueduct-water-risk-atlas
https://climexp.knmi.nl/plot_atlas_form.py
https://climateknowledgeportal.worldbank.org/
https://esgf-data.dkrz.de/search/cmip6-dkrz/
https://cds.climate.copernicus.eu/cdsapp#!/dataset/projections-cmip6?tab=overview
https://www.desinventar.net/
https://public.emdat.be/
https://globaldatalab.org/
https://catalog.ihsn.org/catalog/?page=1&ps=15
https://data.humdata.org/dataset

Evaluation of Current
Resilience (Block Ili)




aving assessed the drought risk, the DRRA next
characterizes current drought response and

preparedness, which comprise the main resilience
assessment. Block Il calls for two evaluations: one of drought
response and the other of drought preparedness (see figure 4.1).
These evaluations can use the same methodologies and
tools. Nevertheless, their approaches vary in that they focus

on different program areas.

Program areas represent drought management interventions
grounded in the categories of the EPIC Response framework.
They provide a comprehensive systematic structure for
organizing drought programs, interventions, and potential
measures, collectively forming what the World Bank
designates as a drought-related Menu of Measures (MoM).
Teams conducting DRRAs can use the classification of
program areas and specific programs that shape the MoM as

areference to analyze the current status of each of the areas.

Characterization of current drought response and preparedness

can take any one of three approaches:

B Desk-based stock-taking of drought response and
drought preparedness mechanisms from existing
reports. This approach would be possible only if
sufficient material is online or if deliverables on
similar assessments have been recently developed.
For countries lacking this information, A Multi-Criteria
Assessment Framework for National Drought Planning
(Alkadir, Pek, and Salman 2022) is a valuable reference.
This publication establishes a standardized method for
reviewing national drought plans and applies this gap
analysis in more than 30 countries. Additionally, it
provides a suite of recommendations for enhancing

these plans.

B In-depth assessment of drought management plans
and climate adaptation actions to address droughts.
The European Drought Observatory for Resilience and
Adaptation (EDORA) Project has created a methodology
and questionnaire for assessing drought management
plans and has applied it to EU member states (EU 2023;
UNCCD 2022c), as illustrated in box 4.1. These tools can

FIGURE 41

Block Ill of the Drought Risk and Resilience
Assessment

Block Il

Evaluate current
resilience

Evaluate current drought response

Evaluate current drought preparedness

Source: Original figure for this publication.

also be applied to other countries, using focus group
discussions and interviews to complete the survey.

In its current form, the survey mainly focuses on
identifying existing program areas. It should be
augmented with questions regarding their performance
and expanded to include an analysis of capacity gaps
for implementation. Table 4.1 presents additional
assessment frameworks with characteristics and
implementation processes similar to those of the
EDORA framework.

B Identification of the relevant stakeholders and
program areas and assessment of their level of
development and effectiveness. The EPIC Response
Assessment Methodology evaluates a country’s
hydro-climatic risk management system by assessing
the maturity level of flood and drought risk management
by government counterparts, key experts, and other
stakeholders (Deltares 2023). The effort required
to conduct interviews and workshops with focus group
discussions can be significant, but a rapid desk review
can also be conducted, as is the case with the other

two approaches.
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4. EVALUATION OF CURRENT RESILIENCE (BLOCK Il1)

BOX 41
European Union-Wide In-Depth Assessment of Drought Management Plans

and Climate Adaptation Actions for Drought

The European Drought Observatory for Resilience and Adaptation (EDORA) Project developed a questionnaire
for EU members aimed at assessing (1) drought policy frameworks, (2) governance, (3) drought indicators and
monitoring, (4) drought management approaches, (5) management of exemptions for the Water Framework

Directive, (6) drought measures, (7) cost-benefit analysis, and (8) maturity of the drought management system.

The 30-plus questions are often open-ended and allow for clarifications and comments. In some cases, the survey
offers pre-determined answers to avoid ambiguity and to facilitate provision of sufficient detail (see figure B4.1.1).

Questions on performance and capacity gaps are included.

FIGURE B4.141

Part of a Questionnaire on the Status of the Drought Policy Framework

2. Drought policy framework

2.1 How is drought management regulated in the EU MS?
2.1.1ls drought management regulated at national level by ...:
|:| alaw adopted as primary regulation by parliament?

|:| in place |:| under review |:| under development

2.1.2 Does the drought management legislation ...
Please select one or several of the response options and specify further details (in English):

.. define a drought (event)? If YES, please specify: ...

.. establish arelationship between droughts and climate change? If YES, please specify: ...

.. establish a relationship or distinction between droughts and water scarcity? If YES, please specify: ...
.. define drought risk? If YES, please specify: ...

.. define a/several competent drought management authority/ies (e.g. river basin administration,
regional, district or local administration)? If YES, please specify: ...

.. define drought management actions? If YES, please specify: ...

OO0 Oodod

.. clearly assign the drought management actions to (specific) competent authorities
(soin case a drought event shows up, it is clear who does what)? If YES, please specify: ...

|:| .. not address any of the above.

2.2 What is the status of drought management plans?
2.2.1 Are there any specific drought management plans or strategies?
2.2.2 Are there any other strategies or plans that address drought management explicitly?

2.2.3 Is there any national guidance document for drought management?

Source: EDORA Project. )
(box continues next page)
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BOX 441 (continued)

To ensure consistency in completion of the questionnaire, the EDORA Project team conducted interviews and

workshops with relevant agencies and stakeholders in each country. The published survey results identify gaps

and areas of intervention across the European Union.

TABLE 41

Methodologies for Drought Resilience Assessment

Desk-based
stock-taking of
drought response

Rapid, inexpensive.

Easier if targetis a
country with a national

Heavily reliant on pre-
existing data accessible
outside of the country.

Set of program areas to examine can
be extracted from:

- Menu of Measures (MoM)

:::p:::t:l?lttss 2;:1’3;22[?;2:'3’?“ Difficult to assess + EPIC response framework
: gh the program area Browder et al. (2021)
m?cljanlsms from UNCCD and FAO multi- performance or . .
existing reports* criteria assessment capacity without - Overviews al.ready available for
framework for national | feedback from local some countries
drought planning. stakeholders. Alkadir, Pek, and Salman (2022)
In-depth Reflects local Requires roughly 20 Application examples:
assessment @ views and actual days for an experienced - UN-ISDR and SIDA (2008)
of drought circumstances. consultant to run
management @ workshops, focus group | Green Nylenetal. (2018)
plans and climate discussions, interviews,
adaptation and reporting. Evaluation frameworks, checklists, and

actions to address
droughts; EDORA-
like assessment

Accounting of
implemented program
areas needs to be
complemented with

a discussion on
performance and
capacity gaps.

guestionnaires:

- EDORA Project methodology for the
“In-depth assessment of drought
management plans and a report on
climate adaptation actions against
drought in different sectors”
(UNCCD 2022c)

+ Catalogue of IWRM assessment
tools to help assess (1) enabling
environment, (2) institutions and
participation, (3) management
instruments, (4) financing

- Urquijo-Reguera et al. (2020)

See application example in box 4.1.

EPIC response
assessment of
Program Areas
relevant to
drought

gl
000

Can reflect local
views and actual
circumstances.

Fully comprehensive
in addressing program
areas and their
interconnections.

Links to flood response/
preparedness.

Can take months to be
developed and often
requires extensive work
by a team (although
more desk-based
reviews are possible):
workshops, focus group
discussions, interviews,
and reporting.

Needs to be
complemented with a
discussion of program
area performance.

Browder et al. (2021)

Source: World Bank Group.
* This methodology can be utilized even without specialized expertise or resources for more in-depth analyses.
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4. EVALUATION OF CURRENT RESILIENCE (BLOCK Il1)

These qualitative and generally straightforward approaches
do not require profound expertise. However, providing a
comprehensive picture of existing and enforced programs
at different scales can be resource-demanding and time-
consuming. Government endorsement and engagement of

local stakeholders are essential.

Importantly, the lending toolkit used by the International

Monetary Fund to assess a country’s preparedness to become

- _ o i

Thomas Nyarugwe / GOAL Global / USAID

eligible for its climate resilience funding programs can be
insightful for evaluating a country’s standing regarding drought

response and preparedness.'

All approaches can involve mapping of relevant institutions
and stakeholders in the drought management system, if not
performed thoroughly in the first block, and an assessment of
different capacity dimensions: institutional; knowledge, data,

and technology innovation; human and communities;

p

=

L
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and financial. Some previous capacity gap assessments can
inform the surveys to be performed and the questionnaires
to be developed. Such assessments include the USAID
report for the Caribbean region (USAID 2022) and a report
by the Government of Nepal (MoFE 2020). A toolkit to assess
capacity gaps and needs to implement the Paris Agreement
can also guide the exercise.? Any relevant results of the
Capacity Gaps Assessment program of the UN-Water SDG 6
Capacity Development Initiative can be indicative. Finally, an
assessment application developed by Khan, Gao, and Abid

(2020) can serve as an example.

FIGURE 4.2

lllustrative Example of the Menu of Measures

ENABLING
MEASURES

L (o

= National water data

PLANNING
MEASURES

©  National planning

f -
f e
f e

1 Coastal planning

Sectoral frameworks

National framework for meteorological and hydrological services

The analyses undertaken for block Il mustinclude an evaluation
of the performance of the different program areas. Figure 4.2
depicts the structure of the MoM, offering a detailed, though not
exhaustive, overview of the programs that should be in place in
a comprehensive drought management system.® Importantly,
this MoM is merely an illustrative example of how a drought
management system is organized; other similar compendiums
and classifications of drought-related interventions and
programs—for example, the EDORA classification and the
Integrated Drought Management Programme’s three pillars—

can be equally relevant as a reference for DRRAs.

= Drought management laws and policies

I Water resources management laws and policies
= Water supply and sanitation laws and policies
©  Agriculture and irrigation laws and policies

= Disaster risk management and disaster finance laws and policies
(incl. drought risk financing mechanisms and instruments)

= Drought monitoring and early warning systems

= Drought vulnerability and impact assessment

1  Forecasting and modeling for water services
= Agrometeorological advisory services

= National climate assessment

= Integrated Water Resources Management plans and integrated basin plans,
including storage planning

. Cities and urban water supply planning

= Irrigation water supply planning

(figure continues next page)
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4. EVALUATION OF CURRENT RESILIENCE (BLOCK Il1)

FIGURE 4.2 (continued)

Nature-based solutions

INFRASTRUCTURE
MEASURES

Watershed management and restoration
Groundwater recharge

Forest management and restoration

Wetlands/floodplain management and restoration

Water infrastructure

Water resources, including storage and conveyance infrastructure,
rehabilitation, and retrofits

Agricultural water-use efficiency programs
Water supply and sanitation network expansion and efficiency

“New Water,” including desalination, water treatment, and water reuse

Alternative sanitation technologies, such as dry toilets, waterless urinals,
and container-based solutions

Water allocation and groundwater management

CONTROL
MEASURES

u  Flexible water allocation
B Water pricing
® Integrated water resources management

m Conjunctive groundwater management

Drought response and recovery

RESPONSE
MEASURES

National drought response
Urban drought response
— Water resources management drought response
] k
- Agriculture drought response

Drought response for pastoral communities

Social protection drought response

WHOLE-OF- B Local government and utilities
SOCIETY
MEASURES

B Public participation and stakeholder engagement
® Social inclusion
. . B Public awareness and risk communication

” m Scientific collaboration with universities, local governments, research centers,
and nongovernmental organizations

Source: Original figure for this publication.
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4.1 Evaluating Current
Drought Response

A strengths and weaknesses assessment will quickly identify the
existence of any disaster response strategies that are effective
in mitigating impacts. Understanding the strengths of these
strategies allows for their reinforcement and replication in other
areas of vulnerability. Identifying weaknesses in the current
drought response provides insights into the potential allocation
of resources for improving that response. The assessment
may reveal strengths and weaknesses in existing policies and

governance structures that can inform adjustments.

This assessment will identify the
strengths and weaknesses of the current drought response
through a gap analysis and will develop a preliminary list of
possible investment areas. These areas may include essential
policy or institutional actions suitable for development policy
financing, as well as critical investments needed to build
the physical and social infrastructure required for effective

drought response.

SWOT (strengths, weaknesses, opportunities, and threats)
analysis or PESTEL (political, economic, social, technological,
environmental, and legal) analysis—a tool used to identify the
macro (external) forces facing an organization—could both be
produced to identify barriers to and areas for improvement in

drought response.

This sub-block should ideally focus on the following program

areas (as listed in the MoM):

Hydrometeorological services that pertain to

drought monitoring and response

Drought risk mitigation and contingency planning

as droughts unfold

Drought response and recovery programs

A strengths and weaknesses assessment
of drought response requires policies, sector-specific plans,
drought risk management policies and plans, previous reports,
and PDNAs.

Comparing the effectiveness of existing response
strategies (block Ill) to the drought risk characterization (block
Il) provides a full account of systems and areas requiring
improvement and indicates where more response resource
allocation is needed. By integrating the findings from both
assessments, decision-makers can prioritize and develop a

well-informed and targeted drought risk response strategy.

4.2 Evaluating Current
Drought Preparedness

Evaluating the current functionality of drought preparedness
provides insights into necessary actions. Successful drought
preparedness requires cross-sectoral coordination, which
national drought policies can support. National-level drought
preparedness can be further categorized into efforts for river

basins and for sectors.

This assessment will identify
the strengths and weaknesses of the current drought
preparedness through a gap analysis and will develop a
preliminary list of possible investment areas. These areas may
include essential policy or institutional actions suitable for
development policy financing, as well as critical investments
needed to build the physical and social infrastructure required

for effective drought preparedness.

SWOT analysis, PESTEL analysis, and similar displays could be
produced to identify barriers to and areas for improvement in

drought preparedness.

The DRRA team should be able to point to specific areas where
technical, financial, and human resources for preparedness
can be optimized and where capacity-building efforts, such
as training for local officials or the development of new
management protocols, are needed. It also should be able to
point to necessary improvements in communication channels
or in utilization of available data to inform decisions and

resource allocation.

This sub-block should focus on analyzing the performance of

the following program areas (as listed in the MoM):
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4. EVALUATION OF CURRENT RESILIENCE (BLOCK I11)
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Sectoral frameworks

Hydrometeorological services that pertain to risk
characterization, drought early warning systems,

drought communication, and so on

Drought risk mitigation and contingency planning
Nature-based solutions

Water infrastructure

Water allocation and groundwater management

Other aspects of the whole-of-society approach:
census and statistics availability, participation,

education, and drought risk communication, and so on

Notes

DATA NEEDS: A strengths and weaknesses assessment of
drought preparedness requires policies, sector-specific plans,

previous reports, and PDNAs.

HOW THIS BLOCK RELATES TO OTHER BUILDING
BLOCKS: Comparing the

preparedness strategies (block Ill) to the drought risk

effectiveness of existing
characterization (block Il) provides a full account of systems
and areas requiring improvement and indicates where
increased resource allocation for drought preparedness is
needed. By integrating the findings from both assessments,
decision-makers can prioritize and develop a well-informed

and targeted drought preparedness strategy.

International Monetary Fund, “Resilience and Sustainability Trust,” https://www.imf.org/en/Topics/Resilience-and-Sustainability-Trust.

2 Paris Committee on Capacity Building, “PCCB Toolkit to Assess Capacity Building Gaps and Needs to Implement the Paris
Agreement,” https://unfccc.int/process-and-meetings/bodies/constituted-bodies/paris-committee-on-capacity-building-pccb/areas-of-
work/capacity-building-portal/pccb-toolkit-to-assess-capacity-gaps-and-needs-to-implement-the-paris-agreement.

3 For World Bank staff, a more expansive and continuously updated internal tool links program areas and programs to specific

World Bank methodologies and projects as these methodologies and projects are being developed and implemented.
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5. PRIORITIZING AREAS FOR ACTION (BLOCK V)

he final phase of the DRRA draws from the results

of all the preceding building blocks to inform the

prioritization of potential measures (block IV [see
figure 541]).

WHY THIS BUILDING BLOCK IS IMPORTANT:
Building block IV strengthens efficient allocation of limited
resources by focusing efforts and investments on measures
where they can have the most significant impact in reducing
drought risk and enhancing resilience, thereby realizing
long-term cost savings. It is aimed at identifying areas where
opportunities for drought risk reduction exist, presenting the
benefits these opportunities could provide, and justifying
potential investments. Analyses of these investments must
reflect social and environmental, not just economic, benefits, as
well as indirect benefits and co-benefits. Regarding this point,
finance ministries, particularly in regions susceptible to various
risks, may find it challenging to concentrate exclusively on a
single hazard, so it is important to identify where preparing for
drought can yield benefits that extend beyond mitigating the
impact of drought. Doing so is consistent with the messages of

the EPIC Response framework.

POSSIBLE RESULTS: Block IV ideally yields a list

of potential priority measures and interventions, and a
quantification or a narrative about their costs and benefits.
This block can be pivotal in shaping financing decisions for
World Bank member countries. It can support World Bank
development policy financing and the design of related prior
actions, which together underpin the policy and institutional
reforms necessary to enhance drought management. It can
support World Bank investment project financing and Program-
for-Results financing by identifying adequate investments in
physical and social infrastructure, as well as management

improvements, that enhance drought resilience.

At this point, the team engaged in the DRRA will have
successfully pinpointed the specific regions, systems, and
sectors susceptible to risk and impacts. In addition, the team
will have identified areas with a pressing need to contemplate
potential drought preparedness and response measures.
Narrowing the application of the time-intensive assessment
tools in this building block to these areas is essential. After the
team, guided by the categories included in the MoM, assesses

the performance of the program areas and programs related

FIGURE 51

Block IV of the Drought Risk and Resilience
Assessment

Block IV

Prioritize areas
for action

Prioritize measures to reduce drought
risks and increase drought resilience

Source: Original figure for this publication.

to drought response and preparedness in building block Ill, it
must engage stakeholders and relevant agencies at different
levels in portfolio discussions to ascertain their perspectives
on the desirability, feasibility, and adequacy of investing in the

identified options.

Some benefits of interventions identified in the MoM might
not be immediately apparent to stakeholders, so identifying,
quantifying, and demonstrating them could prove illuminating.
Theteam may propose additional or more specificinterventions,
which should also undergo assessment. Furthermore, the
team could apply straightforward decision support tools
to identify a set of feasible options to present to the client.
Multi-Criteria Decision Analysis (MCDA) is one such valuable
approach, which incorporates nuanced understanding of
factors influencing infrastructure choices and often involves
GIS overlaying. World Bank Advisory Services and Analytics,
or ASA, work in Angola has applied MCDA to determine
suitable types of water supply infrastructure and to evaluate
the potential of a set of nature-based solutions at the scale of

four provinces (Limones et al. 2024).

In general terms, it is essential to evaluate the long-term
benefits of a program or project to contrast them with its costs.
Recognizing the benefits entails comparing project outcomes

with expected drought impacts in a scenario in which no action

60 DROUGHT RISK AND RESILIENCE ASSESSMENT METHODOLOGY



is implemented—the “inaction scenario,” making the expected
impacts the “costs of inaction.” Evaluation of expected impacts
is performed in sub-block 6 of the DRRA. When applicable,
the benefits of the intervention should be compared with
expected drought impacts in a scenario in which an alternative

project is selected.

Ideally, multiple methodological approaches are used to assess
the benefits of drought resilience projects. A combination
of assessments can be guided by table 5.1, wherein the
enumerated strengths and weaknesses offer insights into how

specific tools may complement one another.

Importantly, drought’s gradual onset and prolonged duration
require assessment methodologies that can capture the
evolution and accumulation of impacts and the benefits of the
proposed intervention over time. Furthermore, drought exhibits
nuanced, indirect ramifications that present greater challenges
in terms of quantification when compared with other hazards.
These ramifications tend to diffuse temporally and spatially,
spreading across sectors and systems, necessitating a
meticulous delineation of the causal chain of effects as a base
to evaluate the indirect benefits of programs. The reduction in
vulnerability to future droughts in these sectors and systems
should be measured as an indirect benefit. In particular, it is
important to look at potentially positive externalities that might
occur when the benefits of an action spill over to third parties
who are not directly responsible for that action. In the case
of mitigating drought impacts, positive externalities might
manifest as a stable food supply, health benefits, climate

change mitigation, and so on.

Economic analysis allows policymakers to prioritize investments
by pinpointing cost-effective strategies, ensuring optimal
resource allocation. It assesses trade-offs among various
options amid resource competition, quantifies both direct and
indirect impacts, evaluates policy effectiveness, and fosters
collaborative decision-making among diverse stakeholders.
The World Bank and California’s Water Authority (2023)
have developed Guidelines for Drought Risk Management—
Economic Methods, Models and Tools, which comprehensively
gathers methodologies and explains application modalities for
evaluating drought programs. The guidelines present the need
to incorporate different dimensions (Vermeulen et al. 2023)

in benefit-cost analysis (BCA) or cost-effectiveness analysis).

All the approaches compiled in these guidelines, and some

additional approaches, are included in the table 5.1.

Apart from their economic gains, drought risk interventions
could offer a range of direct and indirect social benefits
that need to be identified and valued to the extent possible,
even if predominantly through qualitative means. These
benefits include enhancing community resilience by
fostering cooperation and self-reliance, improving public
health through better access to clean and reliable water
and increased food security and nutrition, promoting social
equity and empowerment by addressing the needs of
vulnerable populations and groups, increasing (or maintaining)
educational opportunities, diversifying livelihoods to enhance
economic security, and preserving cultural practices and
traditions. Social return on investment (SROI) can help
quantify the social value generated by drought management
projects, measuring social outcomes in monetary terms. SROI
approaches should rely on participatory methods to involve
local communities in identifying and evaluating the social

benefits of the interventions.

In addition to social advantages, drought risk interventions

could vyield significant environmental benefits. These
measures encompass ecosystem restoration and biodiversity
enhancement, surface and groundwater resource management
that enhances water quality and availability, contributions to
climate change mitigation and adaptation, soil conservation
to reduce erosion and degradation, efficient water use
leading to conservation, reduced habitat destruction and land
degradation, and the enhancement of ecosystem services
such as water regulation, carbon sequestration, and pollination
reduction. However, relying solely on environmental benefits
as the primary motivation for an intervention may be difficult
to justify to clients, so ecosystem service (ES) assessments,
especially for infrastructure-related investments, are useful
for block IV. Experts can use ES assessments to model the
process through which an action results in a specific outcome
and can subsequently assess the benefits provided by such
an outcome by looking at physical and social indicators that

are of significance.

The World Bank developed guidelines for assessing costs
and benefits, offering methods, a specific decision framework,

and practical case studies to help developers of nature-
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5. PRIORITIZING AREAS FOR ACTION (BLOCK 1V)

TABLE 541

Methodologies for Prioritizing Potential Investments

Drought Resilience, _ - | Analyzes stakeholders Lack of specificity in Crossman (2018)
Adaptation and ~ L acceptability. actual solutions for

Management Policy \\T,’ Valuable for the initial certain regions or sectors.

(DRAMP) Framework \\ /~| screening of options. Susceptible to dominant

(or simitar e Inclusive voices bias. Often not

framework) . based on quantitative data

Discussion with Contextualized or rigor.

stakeholders, understanding. Meaningful stakeholder

with Delphi+ Incorporates qualitative discussions can be

assessment or insights and evolving resource-intensive.

other assessments priorities.

(participatory

decision-making)*

Menu of Measasures -~ | Same benefits as DRAMP. Same weaknesses as See figure 4.2.
discussion with @ :O: DRAMP, but it is more

stakeholders, with I, specific.

Delphi or other JC

assessments 2 A

(participatory

decision-making)*

Multi-Criteria P Data-driven. Data-intensive. Top-down approaches for

Analysis (MCA)

glc

0o

LN
<)
ZIIpN

‘o
T

[y

Normally does not involve
complex modeling.

Comprehensive.

Can incorporate qualitative
and quantitative data.

Flexible in scales and
approaches.

When applied at the initial
stage, can help narrow down

Can reflect incomplete
or subjective criteria/
feedback.

Assumes independency
among criteria and is less
valid in complex decision
contexts.

Does not capture the
long-term and cascading
effects of interventions.

narrowing down programs
to debate with the client/
stakeholders:

+ FAO Decision Support for

Mainstreaming and Scaling Out
Sustainable Land Management

- Serrat-Capdevila et al. (2023)
- Alkadir, Pek, and Salman (2022)

Approaches for evaluating

options for the client. Robustness of the specific programs with
When applied to analyze results can be sensitive stakeholders’ feedback:
a cor!grete prcl)’?r?mt; it it to changes in criteria - Ruangpan et al. (2021)
considers multiple benefits iRt
) P weightings and data - Appendix G of California
and trade-offs. inouts
puts. Department of Water
Often purely technical and Resources (2014)
data-driven.
Cost-effectiveness LG Analyzes economic Does not provide References:

analysis

o

0O

efficiency.

Alternative method to
benefit-cost analysis (BCA)
when data for benefits are
not available or benefits are
hard to quantify or monetize.

Simple.

Focuses on costs and
identifies budget-efficient
options.

a comprehensive
comparison of all costs
and benefits.

Weaknesses similar to
those of BCA.

- Guimar3es Nobre et al. (2019)
- Kumar et al. (2021)
- Zou et al. (2013)
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https://www.wocat.net/en/projects-and-countries/projects/ds-slm/
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TABLE 5.1 (continued)
Methodology

Ecosystem
services (ES)
valuation

Budget| Time | Effort

®
®

Strengths

Focused on environmental
benefits, but indirectly on
society, through services.

Co-benefits can be analyzed.

Scenario evaluation is
possible.

Can be customized.

Incorporates quantitative
and qualitative aspects.

Weaknesses

Data-intensive.
Medium complexity.

Assigning monetary values
to ecosystem services often

involves subjective judgments.

Monetary valuation does not
capture all benefits and costs
associated with ES.

Reference

InVEST (Integrated

Valuation of Ecosystem
Services and Tradeoffs)

Regional economic
analyses

© @
El%

Some applications are easy
to use, especially those for
input-output analysis.
Cross-sectoral analyses of
benefits.

Captures intersectoral
relationships within the
regional economy.

Data-intensive.
Purely economic.

Assigning monetary values
to non-market values like
environmental aspects is
challenging.

May not fully capture the
long-term benefits of certain
drought management
strategies, such as those
related to climate resilience.

Input-output analysis:
- Impact Planning (IMPLAN)

model
- Kang et al. (2019)

+ Regional Input-Output
Modeling System (RIMS II)

Computable general
equilibrium models:

Regional Economic Modeling
Incorporated (REMI) system

Equity and :Of_ Analyzes social effects of Data-intensive. Distributional impact analysis
distributional @ “_/~ | interventions. Complex. application examples:
effects analyses . <~ | Flexible in scales and Does not include - Williams et al. (2020)
< : ) ‘< :) QY approaches. environmental considerations. | - El-Khattabi et al. (2021)
. | Can capture systemic May not fully capture the
N intarconnections. long-term benefits of certain Social welfare function:
droughF management - Adler (2019)
strategies.
Sustainability impact
assessment:
OECD (2010)
BCA and weighted @ _~©~_ Analyzes economic efficiency. | Data-intensive. References:
benleﬁt'-c‘:l\sltBCA " | Data-driven. Focuses on quantitative * World Bank (2010)
analysis 504 . i
vsis ) @ .| Comprehensive. inputs/outputs. - Fennell et al. (2023)

00O

[y

’

[y

- 0l
(4

Structured quantitative
comparison (monetized).
Long-term planning
scenarios and uncertainty
and risk analysis is possible.
Transparent.

Considers multiple benefits
and trade-offs.

Applying social equity
weights in WBCA captures
distributional concerns.

Incorporating SROI enriches
the analysis.

Incorporating the scales of
the drought and its impacts
requires many assumptions.

BCA may oversimplify the
complex nature of drought
management.

Assigning monetary values
to non-market values is
challenging.

May not fully capture the
long-term benefits of certain
strategies, such as those
related to climate resilience.

- Arena et al. (2014)
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https://naturalcapitalproject.stanford.edu/software/invest
https://naturalcapitalproject.stanford.edu/software/invest
https://naturalcapitalproject.stanford.edu/software/invest
https://implan.com/cloud/
https://implan.com/cloud/
https://www.bea.gov/resources/methodologies/RIMSII-user-guide
https://www.bea.gov/resources/methodologies/RIMSII-user-guide
https://www.remi.com/
https://www.remi.com/

5. PRIORITIZING AREAS FOR ACTION (BLOCK 1V)

TABLE 5.1 (continued)

Climate _O_ Analyzes climate resilience. Data-intensive. References:
adaptation 7" | Promotes robust decision making | Insome cases, focuses * Noleppa and Agripol-
assessments/ +_ | under uncertainty. more on assessing Netw(ork fo)r Policy Advice
DMDU ) GbR (2013
@ 'Q‘ Guides strategic and operational performance of a program | Rouillard et al. (2016)
.+, | choices, highlighting potential than on exposing specific : .
A )=| conflicts and opportunities. drought resilience benefits. | - Tréltzsch et al. (2016)
i - Kalra et al. (2015)
- Ward et al. (2022)
Water -~ | Analyzes climate resilience and Data-intensive, especially Water Evaluation and Planning:
Evaluation :Q: water security. to fully include the scales Selected Publications

and Planning

@@E
clels

1/
-l -
1,\\

‘v
s

7

Comprehensive analysis of
complex water systems.

Scenario evaluation.
Can be customized.

Includes drought hazard
characteristics.

Includes quantitative and
qualitative aspects.

Transparent.

Considers multiple benefits and
trade-offs.

of the drought, its impacts,
and management.

Complex.

May not fully capture
the long-term benefits
of certain drought
management strategies.

Assumption of rational
decision-making.
Spontaneous factors not
included.

Not the only water systems
software tool available.

System @ :OZ Focused on complex systems Data-intensive. Tools:
;yl:’arlr_lics v understanding. Medium complexity. + Vensim
odelin i i g .
9 Y\ Informs adaptive management. Difficult to communicate; - Isee systems
@ A_/~ | Cross-sectoral analyses of not as transparent as other
5, benefits and co-benefits captures | approaches. o
@ 3 ). | intersectoral relationships, Calibrati d validati Application examples:
27" | delays, accumulations, nonlinear ~atibration ar; va Id'?f'lonl - Sugnik et al. (2012)
linkages, and feedback loops. IS necessary ,Ut 1s ' icult .
) and resource-intensive. - Lietal. (2022)
Can be customized.
Incorporates quantitative and
qualitative aspects.
Can accommodate long-
term planning scenarios and
uncertainty and risk.
NbS N Data-driven. Focused only on a type of Tools range from databases built on

intervention
identification
and
evaluation

©@
000

LN
)
gt

‘o (L}
-l
T ~

[y
7

Identifies and evaluates NbS
interventions.

Mixed approaches: Some tools
focus on identifying suitable
interventions, mainly based on
MCA. Others already provide
cost-benefit analysis or support
the design of specific types of
NbS.

investment (NbS).
Data-intensive.
Medium complexity.

Weaknesses described for
MCA apply here as well.

peer-reviewed literature to interactive
web-based tools, calculator tools,
and spatial simulation models.

Tools:

+ NbS Evidence Platform

+ NbS Benefits Explorer

+ Water-Proof

+ Natural water retention measures
+ CUBHIC

+ FIESTA-FOGINT

- InVEST

+ Soil Water Assessment Tool

+ Spatial Process in Hydrology
+ Water Harvesting Explorer

- Sustainable Asset Valuation
+ Limones et al. (2024)

Source: World Bank Group.

+ A Delphi assessment is a structured forecasting or consensus-building technique that utilizes expert opinions through iterative surveys (Crisp et al. 1997).

* These methodologies can be utilized even without specialized expertise or resources for more in-depth analyses.
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https://www.weap21.org/index.asp?action=216
https://vensim.com/software/
https://www.iseesystems.com/store/products/stella-online.aspx
https://www.naturebasedsolutionsevidence.info/evidence-tool/
https://nbsbenefitsexplorer.net/tool
https://water-proof.org/
https://www.forest-trends.org/publications/cubhic-2-0/
https://www.policysupport.org/fiesta-fogint
https://naturalcapitalproject.stanford.edu/software/invest
https://swat.tamu.edu/software/swat-executables/
https://sphymodel.com/
https://whe.acaciadata.com/
https://www.iisd.org/savi/how-savi-works/#try-simulation-1037

based solutions projects (Van Zanten et al. 2023). Importantly,
the World Bank outlined a methodological framework for
assessing the benefits of action and costs of inaction (BACI)
analysis in drought preparedness and mitigation (Venton et
al. 2019). The framework points to some tools and explains
how BACI analysis—encompassing economic, social, and
environmental dimensions—can be embedded in the overall
development of a drought risk management strategy. It aims
to guide authorities and stakeholders in formulating the right
questions at various stages. The approaches compiled in

these guidelines are included in table 5.1.

In an advanced approach to building block IV, practitioners
must also assess how measures designed for drought
resilience could unintentionally increase or decrease the risk
from another hazard as well as identify co-benefits that could
be obtained. For these purposes, system dynamics models are
very useful because they can effectively represent the complex
interactions and feedback loops within a project’s system,
which operate at different spatial and temporal scales. These
models allow for a holistic understanding of how various natural
and human factors interact to produce outcomes, including

potentially positive impacts. The models enable scenario

World Bank

planning, helping teams examine the impact of policy and
management interventions within a system. System dynamics
models can help to understand how droughts propagate
through economic mechanisms and can help them identify
and simulate complex interactions among drought conditions,
potential interventions and measures, labor, productivity, and
economic resilience. The effectiveness of drought programs
and policy instruments will be affected by broader ecological,
socioeconomic, and institutional mechanisms, which should

be taken into account.

Climate adaptation assessments and Decision Making Under
Deep Uncertainty (DMDU) methodologies help practitioners
consider multiple uncertainties, including future climate
change, and how to identify the most robust set of solutions
for managing them. The World Bank has published several
guidelines on this topic (World Bank 2020; Bonzanigo et
al. 2018); DMDU-related approaches in Vallejo and Mullan
(2017) and the Climate Risk Informed Decision Analysis
are also beneficial for realizing these objectives. However,
while complementary, these DMDU tools frequently exceed
the temporal constraints and resource allocations typically
designated for DRRAs.
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5. PRIORITIZING AREAS FOR ACTION (BLOCK V)

DATA NEEDS: Prioritizing potential investments requires:

Information on potential resilience-building interventions

Input, feedback, and opinions from agencies and

stakeholders through surveys or interviews

Cost estimates and resource requirements for
each investment option, including initial investments

and operational costs

Cost estimates for the impacts identified in previous

building blocks

Historical economic accounts, disaggregated

Water demand data for various sectors

Historical environmental monitoring data, such as water
quantity and quality measurements, biodiversity
assessments, and habitat data to measure outcomes/
effectiveness of similar projects/investment options in

times of drought

Market prices and cost data for goods and services

related to the ecosystem services.

Data collected through surveys, interviews, or
other methods to assess the non-market value of

ecosystem services

Historical socioeconomic indicators on different
population groups or communities, such as employment
rates, income levels and distribution, and poverty rates
to measure outcomes in similar projects/investment

options

HOW THIS BLOCK RELATES TO OTHER BUILDING
BLOCKS: Building block IV closes the DRRA and requires

data and results from all the other building blocks. It allows

identified solutions to be analyzed in-depth and discussed

with clients for prioritization and implementation.
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he DRRA framework summarized in this report rep-
resents a comprehensive approach to understanding
and proactively addressing drought risk. Its primary
focus is to provide guidance on identifying drought management
needs and opportunities while supporting enhancement of

existing drought management systems.

Importantly, the DRRA framework encourages the collaboration
of partners, governmental institutions, and any stakeholders
involved in drought risk management and benefiting from
drought resilience measures. Tailoring the DRRA to the

application context allows teams to maximize its benefits.

The DRRA methodology recommends and directs teams
to existing methodologies, tools, and resources that can
complement and form the basis for the DRRA implementation
in the given country or region. Ideally, the DRRA is conducted
in conjunction and close collaboration with other ongoing

initiatives and complements these initiatives as needed to

B Closing Remarks

comprehensively identify and prioritize drought resilience

measures.

It is anticipated that both the DRRA framework and this report
will undergo further refinement and enhancement, informed by
feedback and practical experience. Ongoing and forthcoming
applications of the DRRA in diverse national and regional
contexts are essential for iteratively adjusting the approach,
thereby improving its utility as a guide for users in selecting and
applying the appropriate tools and methodologies in each of the
DRRA building blocks.

World Bank teams and all relevant entities are encouraged
to familiarize themselves with the framework and to explore
opportunities for its implementation with the objective of

strengthening global drought resilience.

For further information or clarifications, please contact the
Global Department for Water at the World Bank.
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APPENDIX A

Appendix A

Embedding the DRRA within Existing Frameworks

he DRRA methodology was developed to provide
guidance for a systematic analysis of drought risk
and the identification and prioritization of drought
resilience measures. The methodology is built on the existing

TABLE A.1

wealth of resources, serving to organize and complement them
in providing an approach to operationalize a shift to more
proactive drought management. Table A1 provides an overview
of existing resources and the ways the DRRA complements them.

World Bank Resources and Methodologies Complemented and Supported by the DRRA

m Complementarities and synergies

Assessing Drought
Hazard and Risk:
Principles and
Implementation
Guidance (World Bank
2019)

This report was developed by the World Bank, GFDRR, Deltares, the University of California at Santa Barbara,
the Institute for Environmental Studies at Vrije Universiteit Amsterdam, the National Drought Mitigation
Center, and IHE-Delft. It informs the DRRA, especially block Il, highlighting many synergies in terms of hazard
identification, future trends, vulnerabilities, and exposure/impacts. In addition, the report emphasizes the need
for a scoping phase, which block | of the DRAA elaborates on and strengthens by encouraging assessment
of the implementing agency’s readiness and by promoting partnerships with other organizations and

donors active in the space. Moreover, the DRRA advances consideration of drought management practices,
specifically by reviewing current drought responses and preparedness (block lll) and prioritizing investment
options (block V).

EPIC Response
framework

An EPIC Response:
Innovative Governance
for Flood and Drought
Risk Management
(Browder et al. 2021)

This report was jointly developed by the World Bank and Deltares. It focuses on assessing and developing
programs that support management of hydro-climatic risks, namely floods and droughts. The EPIC Response
framework advocates for managing both floods and droughts in conjunction because they are both hydro-
climatic risks at the opposite ends of the extremes. Thereby, it analyses a collection of programs focusing

on either floods, droughts, or both of them in tandem, ultimately supporting the creation of a more effective
governance system through suggested institutional upgrades.

The report is an important reference for the DRRA. It significantly informs the accompanying Menu of
Measures (MoM). The programs related to drought management are particularly relevant to the DRRA and
are initial reference points for comprehensively assessing current drought responses and preparedness.
Coupled with the risk assessment, drought response and preparedness assessment allow for a gap analysis
that consequently informs the identification of drought risk and resilience measures. The MoM developed
by the World Bank and provided in block lll borrowed and adapted the EPIC Response framework program
areas to the specific scope of drought management.

Country Climate and
Development Reports
(CCDRs)

The Development,
Climate, and Nature
Crisis: Solutions to End
Poverty on a Livable
Planet—Insights

from World Bank
Country Climate and
Development Reports
Covering 42 Economies
(World Bank Group 2023)

The World Bank launched the Country Climate and Development Reports (CCDRs) in 2022 to support alignment
of sustainable development priorities and climate change risks. The objective is to identify and prioritize actions
to strengthen adaptation and reduce greenhouse gas emissions, ultimately contributing to climate-resilient
development. The World Bank plans to provide CCDR assessments to all client countries.

When developing a DRRA, practitioners should consider outputs from CCDRs that were conducted in the
respective country or region and vice versa. Results of the CCDRs and DRRAs can inform one another and
support the identification of priorities, climate change hotspots, and trends. CCDRs represent an opportunity

to incorporate drought modeling and analysis of future trends to inform drought risk management. CCDRs are
based on the analysis of a range of climate change scenarios to highlight the potential impacts of climate change
across society, ecosystems, and the economy, potentially including impacts on drought occurrence and severity.

Like the CCDRs, DRRAs aim to provide a multi-sectoral lens on drought risk and resilience, thereby focusing on
collaboration across disciplines and sectors. However, the DRRA is different from a CCDR in that it provides a
deep dive on drought-specific risks to sustainable development priorities and on ways to strengthen drought
resilience through the identification and prioritization of investments. CCDRs pursue a similar objective but focus
more broadly on climate change risks in addition to climate change mitigation opportunities.

(table continues next page)
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TABLE A1 (continued)

Assessment Complementarities and synergies

Adaptation and
Resilience Diagnostic

The Adaptation and Resilience (A&R) Diagnostic is a framework and indicator-based scoring tool
developed and applied by the World Bank’s Climate Change Group. The diagnostic evaluates
progress and identifies gaps and priorities for climate adaptation and resilience. Additionally, it is a
guide for designing adaptation and resilience-building strategies.

The diagnostic aims to support and track adaptation policy development and implementation.
It has been applied in conjunction with CCDR reports.

Like the DRRA, the A&R Diagnostic aims to facilitate broader client and country dialogue and

bring together multi-sectoral stakeholders. However, the DRRA is more targeted in that it focuses
specifically on identifying measures to strengthen drought risk and resilience, whereas the
diagnostic’s whole-of-society approach aims to capture a plethora of measures needed to adapt to
climate change. The diagnostic is underpinned by 190 indicators that capture universal principles
for effective climate change adaptation. The diagnostic includes a traffic-light rating system that
evaluates each indicator qualitatively and quantitively.

Like the CCDR, DRRA results can inform A&R diagnostics and vice versa.

Water Security
Diagnostic
(World Bank 2021b)

The Water Security Diagnostic (WSD) methodology provides a framework for understanding the key
cause-and-effect relationships among water endowment, sector architecture, sector performance,
and water security outcomes. Additionally, a complete WSD looks beyond the present situation and
considers the key stresses on changing water security years and even decades into the future, the
country’s aspirations for water security improvement, and ways these aspirations can be fulfilled

in the face of the key stresses. A WSD is a time-intensive undertaking that delivers significant and
long-lasting impact. It usually involves modeling and analysis of scenarios or options for reform,
investment, or both to improve future water security, considering demographic, economic, and
climate change projections.

A DRRA and WSD are complementary: the former provides a deep dive on drought risk, and the latter
positions that risk within the broader water security context.

Sectoral Deep Dives

The DRRA complements and is compatible with sector-specific frameworks. More specifically, studies
that focus on the selected economic sectors and types of interventions that can mitigate drought
impacts and foster resilience are relevant links with a DRRA and can inform one another. The World
Bank’s What the Future Has in Store: A New Paradigm for Water Storage focuses on addressing the
global water storage gap. Water storage, in general, be it green, grey, or hybrid, is a crucial measure
that allows water banking for dry periods and thus ensures water availability for different types of
uses (Burke et al. 2023).

Other sector-specific drought risk studies that provide suggestions for measures to increase
resilience include the review of Salvador et al. (2023) on the health implications of droughts.
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Appendix B

Examples of NbS Interventions for Drought Resilience
in Latin America and the Caribbean

uilding drought resilience is only possible when
assessments and analytics inform measures to
strengthen and develop institutional structures, which
in turn form the basis for infrastructure investments. Importantly,

grey, green, and hybrid interventions must all be considered.

Numerous case studies and publications attest to the potential of
nature-based solutions (NbS) to contribute to water security, thus
addressing drought risk (Vigerstol et al. 2023). However, grey
infrastructure typically receives more attention. Even within the
realm of NbS for water security, application of grey infrastructure
for flood management is prominent. To facilitate and support the
implementation of NbS for drought management, six fact sheets
(forthcoming) for distinct interventions were developed as part
of the regional application of the DRRA in the Latin America
and Caribbean region. Following is an excerpt of the NbS for
each intervention, provided to highlight its potential role and
contributions to attaining water security and drought resilience.
Although these fact sheets were developed with a focus on the
Latin America and Caribbean region, they are relevant to other
regions, and they can be complemented by other types of NbS

interventions.

Selected NbS for managing drought risk follow.

REFORESTATION

Reforestation involves the restoration of native forest habitat in
areas where this habitat has been degraded or lost. In general,
two different reforestation approaches can be distinguished:
(1) active reforestation, which introduces native tree species
using seedlings or seeds, and (2) passive measures, which
aim to create a suitable enabling environment for natural
regeneration. Afforestation, not included in the description
below, is considered when growing trees in an area that was

not previously covered by trees.

New trees generally enhance local infiltration through

changes in above- and below-ground vegetation. However,
reforestation’s impacts on water availability depend strongly
scales.

on temporal and spatial In many geographical

locations, forest types, and climate conditions, reforestation
reduces annual water yields due to vegetation’s increased
soil water access and transpiration (Filoso et al. 2017).
Notably, increased landscape transpiration after revegetation
also enhances atmospheric moisture recycling, leading to
increased precipitation either locally or elsewhere in the
“precipitationshed” (Keys et al. 2014). Even if annual water yield
somewhat decreases, reforestation’s regulation of flow often

benefits downstream water uses by steadying availability.

The relation between reforestation and drought resilience
is complex. At present, a comprehensive understanding is
limited by the prevailing research focus on exotic species
and by insufficient local evidence (Filoso et al. 2017).
Reforestation’s impacts on drought risk depend, in part, on the
type of forest restored and the density of tree cover (lIstedt
et al. 2016). Restoration of cloud forests is considered highly
beneficial to drought resilience (The Nature Conservancy
2023; Liu et al. 2021).

WETLAND PROTECTION AND RESTORATION

Wetlands provide important natural regulatory functions, storing
floodwaters and maintaining surface water flow during dry
periods. Wetland restoration involves the re-establishment of
the hydrology, plants, and soils of former or degraded wetlands
that have been drained, farmed, or otherwise modified (The
Nature Conservancy and Agence Francaise de Developpement,
n.d.). Wetland restoration can involve removal of artificial
structures or blocking of drainage systems to re-establish
natural hydrology, construction of check dams or other erosion
control structures, revegetation with native species, excavation
of upland soils, and other efforts. Wetland protection focuses on
ensuring the integrity of wetlands through measures that inhibit
wetland degradation and allow for the continuous provision of

ecosystem services.

Healthy wetlands capture and store water, thus carrying water
from wet periods over to dry periods and allowing more water
to infiltrate the soil. Depending on the surface or subsurface

waters to which they connect, wetlands can increase baseflows
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and groundwater levels, thus enhancing water users’ drought
resilience (Deltares 2022). Wetlands’ water retention and supply
differs widely among ecological and climatological systems.
If the local context is sufficiently considered in its design and
implementation, wetland restoration can successfully reduce

hydrological drought risk (Vigerstol et al. 2023).

This category of NbS includes water storage and harvesting
options that utilize spaces in the water and soil system for
temporary storage of surface water, rainwater, and groundwater.
These options include rainwater harvesting systems, managed
aquifer recharge, sand dams and subsurface dams, ponds, and
infiltration ditches. These options are not considered purely
built/grey infrastructure, but rather include a natural component.
The World Bank Group report What the Future Has in Store: A
New Paradigm for Water Storage (Burke et al. 2023) contains
detailed definitions of natural and hybrid water storage options.

Water storage solutions can effectively mitigate water shortages
by carrying over water from wet periods, in some cases helping
reduce evaporation, both in climates with strong wet and dry
seasonal patterns and during multi-month (or even multi-year)
cyclical droughts (Burke et al. 2023). With increased frequency
and intensity of meteorological droughts expected as climate
change progresses (Reyer et al. 2015), natural and hybrid water
storage solutions are potentially effective climate adaptation
measures that could reduce risks associated with hydrological
and agricultural droughts (for example, in irrigated systems).
Although technical, financial, social, and environmental factors
differ from one to another storage option, they all “bank” water

and build a buffer for drier periods.

Storage solutions that combine the strengths of green
infrastructure and grey infrastructure are desirable when aiming

for solutions with relatively long residence times.

Agricultural best management practices (AgBMPs) are strategic
interventions in agricultural systems that are designed to reduce
environmental impacts. AgBMPs can play a crucial role in
preventing land degradation while, if properly applied, avoiding
production losses. Although often applied at the farm level,

AgBMPs can yield important benefits across a watershed. In the

context of drought risk reduction, AgBMPs that conserve water
by enhancing infiltration and reducing runoff are particularly
relevant. These AgBMPs include cover cropping, strip cropping,
contour farming, terracing, grassed waterways, contour buffer

strips, mulching, and agroforestry (Pan et al. 2018).

The World Resources Institute report Nature-Based Solutions in
Latin America and The Caribbean: Regional Status and Priorities
for Growth makes mention of agroforestry and farmland best
practices as two of the most applied NbS in the Latin America
and Caribbean region to enhance water availability (Ozment et
al. 2021). Factors such as location, climate, crop type, type and
amount of fertilizer applied, local cropping practices, presence
of irrigation infrastructure, and institutional constraints can
affect the overall impact of AgBMPs on drought risk (The Nature
Conservancy 2022).

Most AgBMPs affect the hydrological cycle by enhancing
infiltration and percolation, thereby influencing the partitioning
between surface runoff and groundwater recharge. Depending
AgBMPs can

replenishment of aquifers, positively affecting baseflows and

on hydrogeological conditions, promote
thus enhancing the availability of water in aquifers and rivers
under dry conditions. In some cases, a counterbalancing effect
of increased annual evapotranspiration from cover crops can
lead to an overall negative annual water yield (Qi, Helmers,
and Kaleita 2011), which should be taken into consideration

when planning AgBMPs for drought risk management benefits.

In the context of drought risk reduction, managing vegetative
water use means addressing vegetation density, composition,
or productivity, typically through management and maintenance

efforts, to enhance water availability. Examples:

Silvicultural operations (such as thinning) in forested
environments. Thinning practices in forests involve the
selective removal of trees and shrubs to reduce stand
density. Improving water availability is one of the main
thinning objectives, along with enhancing forest health,
promoting biodiversity, and reducing fire risk (Archer
et al. 2017).

Removal of invasive species. This removal reduces
the water consumption of invasive species, which often
consume more water than native plants (Fuentes-Lillo

et al. 2023), thereby increasing water availability.
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Other objectives include restoring biodiversity,
enhancing soil stability and nutrient cycling, and
containing the spread of invasive species to protect

surrounding natural areas.

A careful balance between mechanical and manual methods
needs to be considered to achieve primary objectives while
minimizing disruption of soil and undergrowth. Prescribed
burning is sometimes applied in forest thinning or invasive
species removal to eliminate undesired species and promote

the regeneration of native plants.

All techniques in this NbS category rest on one principle: the
removal of vegetation with a relatively high water uptake,
thus reducing water consumption of the overall ecosystem
(Brill et al. 2023). Thinning reduces the number of trees and
consequently decreases overall evapotranspiration. It allows
more rainfall to infiltrate the soil, potentially recharging aquifers
and enhancing water availability during dry periods. Thinning
practices help maintain higher soil moisture levels, benefiting
understory vegetation and making the forest ecosystem
more resilient to drought. Removal of woody vegetation in
grasslands leads to fewer woody plants competing for water,
thus increasing soil moisture levels and benefiting native
grasses and other herbaceous plants. Trees and woody
vegetation have access to water stored deep under the
surface, as demonstrated, for example, by pines in Patagonian

grasslands (Gyenge, Ferndndez, and Schlichter 2003).

With a lower water consumption, more precipitation reaches
streams and rivers, increasing their flow and providing more
consistent water sources for ecosystems and human use.
By improving the health and diversity of the forest, thinning
increases the forest’s capacity to withstand and recover from
drought conditions. However, it is important to recognize that
trees and woody plants contribute to biodiversity, provide
habitat, and influence local climate conditions. Effective brush
management focuses on ensuring that brush and woody
vegetation are managed in a way that supports overall
ecosystem health and resilience. Healthier trees and more

robust ecosystems are better equipped to manage water stress.

Native plants are often better adapted to local climate
conditions, including drought. By restoring native species,
forests and grasslands can more efficiently use available water

and withstand periods of low water availability.

Sustainable urban drainage systems (SUDS) aim to mimic
natural drainage in a developed area, where rainfall soaks into
the ground and saturates soil and vegetation before significant
runoff occurs. The systems thereby regulate the water cycle and,
to a certain extent, enhance water availability in dry periods, at
least locally. In addition, SUDS reduce heat stress and overall
vulnerability to drought. SUDS include green roofs, permeable
pavements, urban water harvesting, bioswales, green spaces
(parks). They improve the quality of the water before it reaches

the receiving water body.

The World Bank flagship report A Catalogue of Nature-based
Solutions for Urban Resilience (World Bank 2021a) explores
the benefits of different SUDS. The SUDS with the strongest
linkages to drought regulation functions are “building solutions”
(green roofs/facades), “open green spaces,” and “retention
ponds,” which, unlike other urban water storage solutions, are
permanently filled. The World Bank report What the Future Has

in Store (Burke et al. 2023) refers to these options.

Most SUDS are implemented to reduce urban flooding by
managing and retaining stormwater (Browder et al. 2019;
Ozment et al. 2021). However, storage of excess water in
green roofs or retention ponds can reduce drought impacts by
promoting reuse of water in dry periods (Eisenberg and Polcher
2020). Infiltration-enhancing measures, such as bioswales and
permeable pavements, might augment groundwater recharge.
Water storage, water reuse, and groundwater recharge, as
well as the capture and slowing of runoff by constructed
wetlands, are integrated in the “sponge city” concept. This
concept emerged from China and is increasingly applied in
urban development strategies (Nguyen et al. 2019). Along with
urban flood mitigation and water purification, the recycling of
stormwater for urban water supply during times of drought is

considered one of the main purposes of a sponge city.

In addition to potentially mitigating the hazard component
of drought risk, some urban NbS can enhance drought
resilience by reducing vulnerability through their cooling effect.
Converting to green roofs can reduce the surface temperatures
of the roofs by 30°C to 60°C and ambient temperatures by up to
5°C. In general, evaporation from stored water (for example, in
ponds and basins) contributes to a cooling effect for most SUDS
(Morales-Torres et al. 2016).
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Key Questions Guiding DRRA Implementation

he following collection of questions can guide DRRA implementation. The questions are not exhaustive but do cover

the most important considerations. They can help implementers tailor the DRRA to the specific country or regional

context and to any specific needs and priorities.

BLOCK I: SCOPING COORDINATION AND CAPACITY

Block | focuses on the enabling environment and context in which the DRRA will be conducted. In this phase, opportunities,

challenges, existing initiatives, and possible synergies are assessed.

Scoping coordination
within the
implementing
institution

How aware of drought and its cross-cutting nature is the country team?
How strong is the culture of collaboration and knowledge sharing within the country team?
Do any cross-sectoral assessments integrate cross-cutting issues?

What drought-relevant tools, studies, and projects have been or will be developed,
implemented, or both?

Scoping coordination
between government,
donors, development
partners, and other
stakeholders

Is the World Bank or are other partners best positioned to lead the DRRA?

What is the relationship of the World Bank Group (WBG) to other donors and development
actors active in drought management in the given country?

Is it feasible and beneficial to engage in a platform for a multi-donor, partnership-based
comprehensive DRRA?

Is funding from non-WBG initiatives available to additionally support the DRRA?

Have other partners developed drought risk assessments or drought resilience evaluation
that can be built on?

Are there any ongoing or completed drought risk and resilience-relevant initiatives under
the leadership of partners?

Scoping coordination
across government

Is the country open to being informed about drought-related policy changes, strategic
planning, or investment priorities?

What institutions and governmental entities are responsible for and involved in managing
drought risk and developing drought resilience? How do they collaborate?

How aware of drought and its cross-cutting nature and impacts is the client government?
Is drought management a priority?

What is the data-sharing practice of country stakeholders?

Would the creation of a data-driven, local, inter-sectoral coordination entity
(e.g., national steering committee) for implementing the DRRA be desirable, feasible,
and straightforward?

What is the general level of actors’ willingness and capacity to share relevant data?
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Block Il comprises the drought risk assessment. The objective is to gather information on drought hazards, impacts, and

vulnerabilities to develop a more comprehensive understanding of drought risk.

Assessing current
and recent drought
hazards

What institutions are in charge of monitoring drought?

Are there established mechanisms for knowledge sharing among hydrometeorological. agencies,
different sectors, and stakeholders?

Regarding drought monitoring, are there specific sectoral focuses, such as agricultural and
water resources management?

How available are the measured raw data on precipitation, evapotranspiration, soil moisture,
groundwater conditions, flows, and other parameters? At what scale are the data available?

What, if any, types of drought indices are compiled and at what spatial and temporal scales?
How well are historical drought events documented?

What, if any, additional expertise or collaboration is needed regarding drought monitoring
and characterization?

Assessing main
trends of future
drought hazards

Have recent studies or assessments focused on future drought and its connection to climate change?

What is the current state of knowledge regarding future drought trends and uncertainties in the
given country or region?

To what extent are climate scenarios incorporated into existing (sectoral or spatial) drought risk
assessments and planning processes?

Assessing current
and recent drought
impacts

Will this DRRA focus on a specific sector, or does it aim to be comprehensive?
What specific drought-related risks and impacts are of most concern?

Does the country or region have a systematic impact database/monitoring system? If not, have
any post-drought assessments examined impacts?

How far back do historical statistics go regarding agricultural and livestock production, forestry,
river navigation, water supply, power generation, employment, industry outputs, and other
parameters potentially impacted by drought?

Do water resources authorities monitor volumes abstracted, those serviced, and their economic
performance? Are these data easily accessible?

Do water utilities monitor volumes abstracted, those serviced, and their economic performance?
Are these data easily accessible?

How advanced are biodiversity accounting and ecosystem services accounting in the country
or region?

Assessing country/
region vulnerability
to drought

Is there good-quality information on ecosystem characterization and land use characteristics?
Are SDGs tracked beyond the national level (i.e., on a more granular level)?

How far back do historical statistics go regarding population demographics, including age
distribution, gender indicators, income levels, education, and employment patterns?

Are data on access to basic services like water, sanitation, or health facilities easily accessible?
At what scale?

Is the country/region monitoring water exploitation indices or similar indicators related to
water balances? At what scale?

Are studies on institutional capacity at local administrative levels available?

Is information on poverty, vulnerabilities, and disaster impacts available at the household level?
How often is it updated?
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Block lll focuses on the existing level of drought resilience. Current response and preparedness for droughts are assessed by
reviewing the Menu of Measures (MoM) and the respective program areas, as informed by the EPIC Response framework.

Do any reports, studies, or projects address specific program areas outlined in the MoM?
Evaluating current For which program areas are there clear gaps or opportunities for improvement?

drought response
Have any country/region priorities and needs in relation to specific program areas been identified?

Do any reports/exercises analyze the drought management status of the country/region?

Evaluating Do any reports, studies, or projects address specific program areas outlined in the MoM?
current drought

preparedness For which program areas are there clear gaps or opportunities for improvement?

Have any country/region priorities and needs in relation to specific program areas
been identified?

Block IV is the consolidation of all assessments to identify and prioritize potential measures to reduce drought risk and enhance
drought resilience. The outcome is a list of prioritized potential measures, so it is crucial to first determine whether the country
has already identified promising drought-related interventions and to determine the extent to which these measures have been
assessed and discussed.

Has the country previously identified any promising drought-related interventions? If so, what are they?

What is the current status of these identified measures? Have they been formally recognized as a
Prioritizing
measures to reduce
drought risks and
increase drought
resilience

priority or approved for implementation?

To what extent have these measures been assessed? Are there existing evaluations or reports
comparing or detailing their effectiveness, feasibility, or impacts? How comprehensive are the
assessments of these interventions? Do they cover cost, benefits, risks, and implementation challenges?

What stakeholder perspectives have been considered in the assessment of these measures?

Are there preferred methodologies or tools based on previous experience or expertise that stakeholders
would recommend for analyzing the potential options (e.g., cost-effectiveness, cost-benefit)?

What are the primary criteria the government uses for evaluating potential measures
(e.g., social impact, environmental benefits, long-term sustainability)? Should any criteria be weighted
more heavily due to their importance or urgency?

What specific trade-offs should be considered in the evaluation of measures (e.g., are there potential
conflicts between economic efficiency and social equity that need to be addressed)?

Are there particular benefits or drawbacks that are frequently overlooked but should be included
in the analysis?

What level of detail is required for the DRRA findings to be actionable? At this stage, do
stakeholders need a high-level overview to make preliminary decisions, or is a detailed quantitative
analysis necessary for in-depth evaluation?
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