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INTRODUCTION

Drought is a complex, progressive phenomenon
characterized by a prolonged reduction in water
availability that produces significant impacts

on water quantity, quality, and demand. It is not
merely a meteorological event: drought arises
from the interplay of climatic factors—such as
low precipitation, high evapotranspiration, and
anomalous snowmelt—and human activities,
including unsustainable withdrawals, land-use
practices, and territorial management.

As drought persists, water-resources
management plays an increasingly decisive role
in either mitigating or amplifying its effects.

For this reason, drought must be regarded

as a systemic risk, also shaped by political,
economic, and social decisions.

Its impacts cut across all key sectors—
agriculture, health, energy, water supply,
ecosystems, transport, and industry—and
can overlap with other extreme events,
compounding their consequences.

Addressing drought requires an integrated risk-
management approach capable of capturing
interconnections among sectors and territories
and of guiding responses in a proactive rather
than emergency-driven manner. Adaptation
strategies must reflect the complexity of the
systems involved, taking into account non-linear
dynamics, feedback loops, cascading effects,
and uncertainties. This implies:

Intersectoral coordination for water-
resources management

Use of forecasting tools to develop future
scenario

Promotion of social equity and climate
justice

CONTEXT

GClobally, between 2000 and 2023, droughts
accounted for only 3% of recorded disasters,
vet they affected over one-third of the world
population exposed to extreme events. The
most vulnerable segments of the population
suffer disproportionately, exacerbating
inequalities and undermining progress toward
the Sustainable Development Goals (SDGs).

In Africa, drought is among the most severe

and frequent environmental threats. In

Sudan in particular, drought risk is intensified
by structural and contingent factors: food
insecurity’, pressure on water resources,
agricultural water needs, and —since 2023 — the
internal armed conflict, which has compromised
institutional capacity and triggered massive
population displacements. More than 8.1 million
people have been displaced, and over half the
population requires humanitarian assistance
(OCHA, February 2024).

In this scenario, droughts not only reduce
water and agricultural productivity, but also
undermine the capacity of commmunities and
institutions to respond and adapt.

The lack of local data, weak infrastructure
networks, and disruption of meteorological
services further hamper prevention, response,
and mitigation efforts.

1 https:/www.ipcinfo.org/ipc-country-analysis/details-
Mmap/en/c/1159433/2iso3=SDN

Against this backdrop, the project “Climate
Change Early Warning and civil protection
for floods and droughts in Sudan - APIS"
funded by the Italian Agency for Development
Cooperation, aims to strengthen national
climate-risk management capacities. The
project encompasses the development of
monitoring and forecasting tools, technical
training, and interinstitutional coordination

to restore early-warning systems even in
compromised operational contexts, supporting
the ongoing humanitarian emergency.

In particular, the CIMA Foundation has
developed a comprehensive methodology for
drought-risk monitoring, analysis, and mapping,
intended to feed impact-based early-warning
systems that enable anticipatory and proactive
drought-risk management and impact
mitigation.



METHODOLOGY

The methodology employed by the CIMA
Foundation rests on the well-established
framework in which risk is the product of three
fundamental components:

RISK =
Hazard x Exposure x Vulnerability

The drought hazard was analyzed separately for
three sectors: agriculture, livestock, and human
consumption (civil uses).

Agricultural and pastoral areas: the hazard
was quantified by integrating multiple
environmental data sources:

- Precipitation accumulation over the previous
1-3 months

- Soil moisture over the preceding 10 days

- Vegetation development status
observed in the prior month

These indicators allow for the precise
identification of areas under water stress,
dynamically representing hazard evolution over
the short and medium term.

Human consumption and civil uses: the
hazard was assessed using the Standardized
Precipitation Index (SPI) at long aggregation
periods (SPI-12), a statistical index capable of
detecting precipitation anomalies over various
time scales. This enables simultaneous analysis
of hydrological drought phenomena and thus
water availability and variability:

- Flow of minor watercourses

- Soil saturation status

- Groundwater recharge capacity

These variables serve as key indicators for

understanding the hazard state related to water
availability.



Exposure was evaluated based on the
geographic distribution and strategic
importance of resources and populations
potentially affected by drought, following a
sectoral approach.

In the agricultural sector, exposure was
calculated by considering:

- the extent of the main crops
(sorghum, sesame, peanuts, millet, and wheat)

- the nutritive productivity of cultivated land,
expressed in kcal per tonne per ectare, to
highlight the subsistence component of
griculture

- the economic value of agricultural exports, an
important factor even if scaled down due to the
ongoing conflict.

In the case of agropastoral activities, exposure
was estimated through:

- the spatial distribution of the main livestock
categories present in the country (sheep, goats,
cattle, and camels)

- their economic and social significance for local
communities.

For human consumption and civil uses,
exposure was measured by analyzing the
population distribution. Since the available
population data were only updated to 2020,
they were supplemented and updated to
August 2024 using datasets provided by OCHA
(United Nations Office for the Coordination

of Humanitarian Affairs), which account for
conflict-related internal migration flows.



Vulnerability
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OPERATIONAL RESULTS

All information generated through the
methodology is integrated into the
myDEWETRA.world platform for web GIS
visualization, designed for real-time monitoring
and forecasting of natural hazards and their
impacts. In the Sudanese context, the platform
is used by the Port Sudan Civil Protection
Situation Room to produce monitoring bulletins,
updated every ten days, to assess drought risk
across the three sectors considered: agriculture,
livestock, and civil uses.

The maps offer a clear depiction of the most
critical areas, enabling local and international
institutions and humanitarian actors to pinpoint
precisely where to focus prevention, mitigation,
and adaptation efforts. These maps form the
operational core of the Sudan Drought Risk
Bulletin, which is issued every ten days and
distributed by email to national authorities
and humanitarian organizations active in the
country.

The bulletin is based on outputs from numerical
meteorological and hydrological observation
models and on satellite data. In addition to
hazard information, it integrates data on
population exposure and vulnerability, including
the locations of internally displaced persons
(IDPs). This structure makes the bulletin an
action-oriented, impact-based monitoring tool
capable of supporting real-time operational
decisions, even in complex scenarios.

CONCLUSIONS

The methodology developed by the CIMA
Foundation for assessing drought risk in

Sudan stands out for its multidimensional
scientific approach, which coherently integrates
environmental, socioeconomic, and territorial
data. The combination of the three fundamental
risk components—hazard, exposure, and
vulnerability—enables the production of reliable,
operational, and easily updatable analyses.

Implementing this methodology, visualizing
the results through the myDEWETRA world
platform, and translating them into the
Sudan Drought Risk Bulletin represent a
concrete example of an impact-based early-
warning system capable of supporting timely,
community-focused protection decisions.

Despite relying on global datasets selected for
their accessibility and continuity, the system

has proven both effective and replicable. Its
added value lies in its ability to adapt to different
contexts and integrate local sources and
knowledge.

A crucial element in this process has been
international cooperation: collaboration among
the CIMA Foundation, the Italian Agency for
Development Cooperation, and the member
institutes of Sudan’s National Civil Protection
Council enabled the joint identification of key
risk factors, even in an unstable and complex
context.

Of particular importance has been the role

of the regional centers established under the
AMHEWAS project. To prepare and operate the
bulletin, Sudanese experts were hosted at the
ICPAC Disaster Operations Center in Nairobi
and at the African Union's Continental Situation
Room in Addis Ababa. Thanks to the principle of
subsidiarity, this regional network provided the
tools and conditions needed to sustain Sudan'’s
national early-warning system, which had been
severely damaged by the ongoing conflict.

This experience demonstrates how a robust
scientific framework, combined with the
development of equitable and enduring
partnerships, can strengthen local drought-
preparedness and response capacities,
concretely reducing risk and promoting
sustainable adaptation strategies.






