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Executive Summary

Anticipatory action (AA), i.e. acting ahead of predicted hazardous events to prevent or reduce acute
humanitarian impacts, is gaining traction in the Middle East and North Africa region (MENA). Early Warning
System(s) (EWS), which use forecasts for different hazards (including floods and drought) to identify areas of
specific vulnerability and trigger predefined communication and preparedness actions, are the cornerstone of
AA programs. Seasonal forecasting and real-time observation of meteorological conditions and hazards are
used across the MENA region, particularly in the Gulf states,’ but no EWS has been officially adopted by
governments or ruling authorities in regional conflict-affected countries, particularly Iraq, Syria, and Yemen.
In these countries, meteorological services have been interrupted and are slow to recover, and weather and
climate records and meteorological infrastructure have been lost and discontinued, which has resulted in a
growing reliance on the use of remotely sensed information (i.e., satellite imagery) to map hazard vulnerability
and inform EWSs.

Communication of early warning information — such as weather forecasts, flood and drought advisories, and
storm warnings — to communities and among humanitarian stakeholders is more widespread in Federal Iraq
and Yemen, with gaps in Syria. The information is often geography- or sector-specific, for example, winter
storms and flood vulnerability maps to support camp management or regional drought analyses that assess
food security impacts. In addition, dissemination is limited to ad-hoc or periodically published documents or
descriptive online dashboards. At present, there does not appear to be a single public platform that provides

tailored near real-time hazard predictions and estimates on the number of people exposed to a given hazard.

To address this information delivery gap, Mercy Corps has developed the Middle East Anticipatory Climate
Action Model (MEACAM), a publicly available online platform that uses satellite imagery to provide near
real-time flash flooding and agricultural drought predictions at pixel level. MEACAM also provides estimates
on human exposure to predicted flooding or drought, including the number of affected internally displaced
persons (IDPs) and IDP camps. The platform’s initial design emphasizes interpretability for a general audience
while not omitting key exposure information, though user feedback from other actors will be welcomed and
incorporated. Furthermore, the platform’s back-end infrastructure facilitates the incorporation of additional
attribute layers from Mercy Corps’ Crisis Analysis Teams (CAT) and other humanitarian, development, or

government agencies.

This report focuses on opportunities for enhancing data-driven EWS in Iraq, Syria, and Yemen, and explores
the following key questions:
1. What are the humanitarian consequences of floods and droughte” And who are the most vulnerable
groups?¢
2. What existing early warning tools and platforms support AA2
3. What are the opportunities and challenges associated with developing early warning tools and
platforms for Mercy Corps, communities, and the wider humanitarian and development community?

4. How could the MEACAM platform support early warning in Iraq, Syria, and Yemen?

"Early warning systems for Saudi Arabia, UAE, Kuwait, Bahrain.

" Flooding and drought are the two most significant hazards across the three countries in terms of safety and economic and humanitarian
impact.
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Key Findings and Recommendations

Communities in Iraq, Syria, and Yemen are highly exposed to floods and/or drought and the wider effects of
climate change, specifically displacement. There is currently limited access to timely" weather and climate
information that allows people and institutions to better prepare for, and respond to, the effects of weather
events and long-term climate change. Furthermore, data on the specific needs of different groups (e.g. women
and girls, small-scale farmers, displaced persons, the elderly, those with chronic health conditions) is scarce
in most contexts, and where data is available, it is consistently outdated or lacks comprehensive sub-national

geographic coverage.”

There are definite opportunities for the use of data-driven early warning tools and platforms:

0 Remote sensing data can be used to fill persistent gaps in environmental monitoring due to conflict-
related damage to weather and climate monitoring stations, and to fragmented governance structures.

0 Layering weather, population, and displacement data could help deliver more holistic early warning
information, and as a result, support timelier and more relevant responses relevant to multiple
organizational mandates.

0 Humanitarian and hazard event datasets have persistent gaps in terms of coverage, geographic
granularity, and timeliness. To encourage data sharing and improve accuracy, a platform blending
multiple data sources could be tested in a high hazard exposure area.

0 Artificial Intelligence (Al)-assisted early warning tools to support AA are being developed in both the
humanitarian/development and private sectors. Given sufficient data input, these tools could support
impact-based forecasting.

0 Coordination of EWS/AA initiatives, including among donors, could foster greater scale-up of AA
programming in Irag, Syria, and Yemen by supporting the development of a multi-hazard EWS.

Nevertheless, key challenges persist:

0 Differing governance structures between and within Irag, Syria, and Yemen pose challenges when
disseminating early warning information and affect the acceptance of such information.

0 Forecasting the humanitarian impacts of drought, particularly drought-related displacement, remains
challenging due to the complex factors that influence households’ decision making.

0 Despite the development of tools to support AA, organizations may struggle to take early action because
many organizations will likely be reluctant to deliver “no regrets” humanitarian action while operating
in a tighter funding environment.

0 Local populations may be unable to access early warning platforms that rely on relatively fast internet
connections and may be unable to understand the information presented by the platform if it has not
been designed for general audiences.

0 Sustained funding for early warning tools and platforms is required to ensure uptake within the
humanitarian sector and by relevant authorities — which may prove difficult in countries with reduced

aid budgets.

i The interpretation of “timely” varies by hazard onset and the format in which people require weather and climate information. For
example, drought risk may be foreseen more than three months in advance if using seasonal climate outlooks. This information, along
with potential appropriate mitigation measures, would help farmers take action.
¥ The initial MEACAM platform does not forecast displacement levels or economic losses caused by flooding or drought. However, this
type of modelling is a logical next step.
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Introduction

The Middle East Anticipatory Climate Action Model (MEACAM), which was developed by Mercy Corps and
funded by the European Commission’s Directorate-General for European Civil Protection and Humanitarian
Aid Operations (DG ECHO), is intended to be the first step toward implementing a geography-specific trigger
mechanism as part of EWS in Iraq, Syria, and Yemen that will provide publicly available flood and drought
forecasts and estimates of how many people will be affected. Although the primary audience is humanitarian
implementers and governing authorities, the platform has been designed to be easily understood by the public
in a bid to maximize MEACAM's user base. The platform offers flood and drought predictions at a granular
spatial scale,” along with human impact estimates using the latest and most relevant available data. The
platform’s modular back-end structure can incorporate additional geospatial attribute datasets” from other
information management organizations and Mercy Corps’ Crisis Analysis regional teams to ensure that the
most informative location attributes are widely available and accessible, such as current levels of local

agricultural production and basic service infrastructure.

The MEACAM project is aligned with the objectives of the United Nations Secretary-General’s Action Agenda
on Internal Displacement by facilitating prevention and earlier preparedness through the integration of human
mobility monitoring data with information on hazard vulnerability and risk. By providing publicly available
flood and drought forecasts, MEACAM also falls under Pillars 2" and 3" of the Early Warning for All
initiative." MEACAM emphasizes working with national governments, humanitarian and development actors,
and local communities to assist local officials in fulfilling their social contract to displaced populations and
other local community members, and to empower households by providing information on the severity and
likelihood of impending hazards. Though internal displacement is often the result of intersecting vulnerabilities
and threats, such as conflict, MEACAM will initially address the threat of natural hazards on displaced

populations and take conflict into account in later iterations.

The MEACAM project is designed to be easily understood to ensure that the location, likelihood, and human
impact of forecasted flooding and drought is appropriately and inclusively disseminated. The project adopts
a “do no harm” approach based on a dissemination plan adapted to the local context, accounting for wireless
information accessibility, language barriers and bandwidth limitations, disabilities, and gender (based on @
forthcoming community consultation). Areas with high concentrations of migrants, refugees, and IDPs will be
prioritized in the platform rollout. Though the most accurate hazard forecasts are featured on MEACAM, the
platform adheres to a “no regrets” ethos regarding AA programming, meaning the intervention can reduce

the burden on the community, even in the case of a false alarm or if the hazard is less severe than predicted.

There is increasing interest among humanitarian actors and donors in EWS across the MENA region. While
some have developed projects that measure geographic vulnerability, no one has delivered flash flood and
drought predictions as part of a platform designed around a modular attribute information catalog. The
MEACAM platform is thus differentiated by two distinct offerings: 1) a platform that can integrate additional
attribute information collected by aid actors and government agencies; and 2) flash flood and drought

predictions at pixel level using satellite imagery data and spatial machine learning. Though the technical

¥ Flood predictions for 10 m2 pixels; Drought predictions for 5 km2 pixels.
Y For example, demographic or socio-economic attributes collected from locations in the field or geospatial infrastructure data (e.g.,
canals; water wells; electricity generators).
Vi Detection, observation, monitoring, analysis, and forecasting.
Yl Warning dissemination and communication.
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success of an EWS is mostly based on the accuracy of hazard predictions, equal emphasis is placed on

providing the most informative set of spatial attribute data through sharing agreements with other agencies

and novel humanitarian indicators developed using the spatial analysis capacity of Mercy Corps’ CAT teams.

Admittedly, the technical achievements are only relevant if the platform is accepted by aid agencies and

governing authorities — a significant challenge that is addressed in Part 3.

This report provides an overview of flood and drought hazards in the context of climate change, including

impacts on specific vulnerable groups. It identifies existing platforms that collate humanitarian impact data

alongside early warning and forecasting, summarizing opportunities and challenges for tools supporting both

EWS and AA measures within Iraq, Syria, and Yemen. The report is structured follows:

0 Part 1 introduces flood and drought hazards in the context of climate change in Iraq, Syria, and Yemen,
as well as a brief overview of EWS and AA.

0 Part 2 provides additional information on the impact of flooding and drought in Iraq, Syria, and Yemen,
including information on the number of IDPs exposed to hazards.

0 Part 3 summarizes existing data-driven early warning platforms and considers opportunities and
challenges for tools to support AA.

0 Part 4 provides an overview of MEACAM's drought and flooding prediction modules.

Methodology

0 For all countries and the wider MENA region, secondary literature on natural hazards, vulnerable
populations, and AA in the context of climate change was identified via Google, Google Scholar,
PreventionWeb and relevant institutional websites (e.g. UNDRR, UNDP, World Bank, Reliefweb, IFRC,
ODI) in addition to relevant ministries and institutions.

0 Secondary literature was complemented by key informant interviews (KlIs) conducted between February
and May 2024 with staff involved in climate and weather information and/or on AA programs at
international and national organizations and relevant ministries identified by Mercy Corps personnel.

0 Selected news media reports were included to illustrate information highlighted through other secondary
literature or interviews and to provide insight on the potential for AA in Iraq, Syria, and Yemen.

0 Tools and platforms to support AA were identified using Google search, Anticipation Hub, and the

Center for Humanitarian Data. Only tools with relevant coverage and regular updates were included.

Commercial tools were considered out of scope.
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Key Terms and Concepts

Key Hazard Terms

Floods
0 Fluvial flood: When water levels in rivers rise and overflow their banks.
0 Pluvial flood: When heavy rainfall events saturate the ground and excess water cannot be absorbed,
also termed surface water or flash flooding. Flash floods are a type of fluvial flood with a short duration;

the time between the forecast and the event is less than six hours.

Drought
Drought is highly complex, but typically refers to a period of abnormally dry weather long enough
to cause a hydrological imbalance. Drought is generally classified four ways:
0 Meteorological drought: The absence or reduction of precipitation over an area compared to historic
norms for the time period in question.
0 Agricultural drought: Insufficient precipitation and soil moisture to support crop growth or other farming
activities such as irrigation.
0 Hydrological drought: Depletion of water supplies including streams, lakes, reservoirs, and
groundwater resources.
0 Socioeconomic drought: A water imbalance impacts the economy (e.g. crop losses) and society (e.g.
contributes to adverse health outcomes).
These four drought types are linked, with agricultural, hydrological, and socioeconomic drought

occurring after the onset of meteorological drought.
Sources: WMO, 2006 and WMOQO, 2023.

Floods, drought, and climate change in the Middle East

The MENA region is highly exposed to natural hazards, including floods and drought, which are exacerbated
by climate variability. Since the 1950s, Iraqg, Syria, and Yemen have seen an increase in the number of
reported flood and drought events with subsequent social, economic, and environmental impacts (Figure 1).
War damage to critical infrastructure, lack of governance, and displacement increases the vulnerability of

communities to natural hazard events.

Figure 1. Reported number of flood and drought events in Iraq, Syria, and Yemen from 1954 to 2024.

T -
W Flood
6 - H Drought

Reported number of events
%) [#3) = (8]

1
y .
1954 1961 1968 1975 1982 1989 1996 2003 2010 2017 2024

Source: EM-DAT. Pre-2000 is subject to reporting biases. Small and medium-impact events may not be reported.
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KEY CONCEPT: DROUGHT AND FLOOD EVENTS ARE CLOSELY LINKED
Floods and drought are two extremes of the same hydrological cycle, with myriad
examples of interactions between major flood and drought episodes.? Reduced
precipitation and prolonged periods of dry and/or hot weather cause soil
compaction and vegetation reduction. When rain falls in large quantities, the
compacted soil cannot absorb the water, leading to water pooling and flooding, or
flash flooding if rainfall occurs in sloped areas. Areas that experience frequent
droughts are shown to be more prone to flooding, and other regions historically
vulnerable to flooding are now experiencing more droughts.?

The MENA region is characterized by ever lower water availability and high temperatures that could
potentially exceed the limits of human habitation.® Changes in precipitation and temperature affecting the
patterns of flood and drought hazards due to climate change have already been observed (Table 1, Figure
2). As the number of warm days and the frequency, duration, and intensity of heatwaves have increased,
particularly in urban centers, annual mean temperatures have risen 0.3-0.5°C per decade between 1980
and 2015. Climate models agree that the number of extremely hot days will rise, exacerbating water loss that
can contribute to drought. Precipitation forecasting models predict with sizable levels of uncertainty, with some
projecting that a decrease in precipitation is possible in Iraq and Syria, whereas an increase is possible in

Yemen,® alongside increased frequency of extreme rainfall events in all three countries.®

Table 1. Summary table of observed changes to hazards since the mid-20th century and projected hazard

risk to the 2050s under current emissions scenarios

Observed hazard Projected hazard risk

Iraq

Drought: Increases in maximum temperatures’
exceeding 50°C in the summer. Droughts are

reportedly occurring over longer periods.®

Flooding: Regular flash and river flooding
annually? There is no clear signal for variations in
precipitation since global

patterns warming

accelerated.®

Drought: Increases in agricultural  drought
severity.'”> Trend toward warmer and drier
conditions in the Eastern Mediterranean possibly

influenced intensity of the 2006-11 drought."

Flooding is common and reported most years,
particularly across the northwest and in the
northeast during high rainfall years (e.g. 2019).

Snowmelt can cause flooding in Spring.

Drought is expected to increase in scale and severity across the
MENA region.'® Rising temperatures will likely result in higher rates
of evaporation, soil salinity, and water scarcity. A continued decline

in the water flowing in the Tigris and Euphrates rivers is likely.

Flooding: Heavy downpours are expected to increase in intensity,
increasing flash flood risk. Models are uncertain as to whether
precipitation will increase or decrease overall, with some indications
the MENA region will become drier on average. Rising sea levels
and drier soil in southern Iraq could increase the risk of coastal

flooding."

Syria
Drought: A decline in the water levels in the Tigris and Euphrates
rivers is likely. Higher temperatures will result in snowfall
precipitation decreases, increasing water scarcity.'® Warming and

drying trend near the Mediterranean is likely to continue.'

Flooding: Precipitation models vary considerably, with some
projecting litlle change. Storm severity is projected to increase. Sea

level rise could see increased risks of coastal flooding.
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Drought: Since the 1950s, Yemen has experienced  Drought: Increasing water scarcity and drought frequency are
several increasingly severe droughts and decline in  anticipated in part due to rising temperatures.'”

water availability."

Flooding, particularly flash flooding, is frequently Flooding: Increasing numbers of people are expected to be
reported, particularly in highland areas. Flooding exposed to tropical cyclones.'® Sea level rise in the Gulf of Aden and
from tropical storms is less common (e.g. Cyclone the Red Sea will increase coastal flooding risks. Precipitation models
Tejin 2023)'¢ are uncertain due to highly variable microclimates, but extreme

precipitation events will likely increase.

Figure 2. Effects of climate change including observed and anticipated changes to the climate system and

impacts in the MENA region.

Pest
outbreaks
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gas and
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emissions,
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change

Food
insecurity
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Drivers of Changes to | cts
climate change climate system mpa
Source: Met Office. “Effects of Climate Change” (2022).

Unequal impacts of hazards and climate change

People are not equally affected by floods, drought, and climate change. Characteristics such as gender, age,

disability, cultural group/ethnicity, and socioeconomic inequality intersect to shape vulnerability and coping

capacities.'” Those most at risk typically also face barriers within their everyday lives in accessing information
and resources to help withstand hazards. Specific vulnerable groups include, but are not limited to:

@ Women and girls who face higher levels of mortality and morbidity during disasters, reflecting structural

inequalities in accessing adequate housing, information, healthcare, food, water, and sanitation.?’ They

also face the risks of sexual violence and exploitation, particularly in the absence of social protection

schemes or access to essential services.m
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0 Persons with disabilities and their carers face barriers in accessing early warning information,
particularly in rural areas. For example, early warning messages may not be designed in consultation
with people with vision, hearing, or cognitive disabilities, leaving them unable to access life-saving
information. People with disabilities often face mobility challenges during disasters and risk being left
behind in degraded environments without support networks, leading to increased mortality and
morbidity.?? The UN provides recommendations for increasing the availability of disaggregated data to
support disability-inclusive disaster preparedness and response.??

0 Older persons who may have higher pre-existing health vulnerabilities, including those that limit their
mobility, which can affect their ability to respond to early warning information or take mitigation
measures. Those who do not move from floods or drought with their support networks can remain
isolated.?*

0 Displaced persons, whether refugees, asylum seekers or IDPs, who tend to be exposed to higher levels
of disaster risk, including death, injury, and secondary displacement. They are more likely to reside in
poorly constructed homes or camps with limited access to services, and they may be missing from
institutional disaster risk reduction policies.”” Refugees and IDPs often face legal restrictions on their
freedom of movement, which can affect the mitigation measures they are able to adopt, for example,

moving to higher ground during a flood.?

Torrential rains destroy camps for thousands of internally displaced people
i éMore than 2,500 displaced families living in Marib, in eastern Yemen, lost their
homes after several days of torrential rain and floodingé Social media users and
Yemeni commentators often blame the authorities because they say that Al Jufainah

camp is located in an area prone to floodingé These overpopulated camps are often
damaged by flooding and fire. Families here have been &orced to build their own
accommodation, using blankets and plastic sheeting,6said a 2021 report by the United
Nations agency for refugees.o

, July 15, 2022

0 Socio-economic inequality is both a cause and a consequence of disasters, reflecting underlying
structural inequalities that impact peoples’ ability to access livelihoods, services, and adequate housing.
A large body of research indicates that those living in poverty are statistically more likely to reside in
hazard-prone areas and have less money to invest in risk mitigation.?” Globally, there is a significant
association between income inequality and flood mortality.?

0 Those subject to movement restrictions often have increased vulnerability to natural hazard events. For
example, prisons are commonly located in flood-prone areas and have limited emergency services,
critical infrastructure, or access to social networks.?’

0 Ethnic / religious minorities who practice rituals tied to their environment may face additional
challenges as hazard patterns change. For example, in Iraq, the number of places that the Sabean-
Mandaeans in southern Iraq can conduct their water-based practices has reduced, threatening their
ability to engage in rituals.®°

0 Literacy (including computer literacy) also exacerbates climate vulnerability by influencing access to

1 and Syria,?*?3 but relatively low in Yemen,** which can constrain

information. Literacy is high in Iraq
the benefit of early warning messaging.-However, a lack of computer literacy, which is more prevalent

in rural areas,®” limits the effectiveness of digital EWS by requiring additional training.
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Understanding the capacities and vulnerabilities of at-risk communities means having a strong, continuous
understanding of a community, together with sensitively gathered data to support early warning.
Disaggregated sex and age data can support understanding of the specific political, social, and economic
barriers faced by women and girls to strengthen gender-responsive climate adaptation.?® Understanding the
location of IDP populations and their demographics can help identify at-risk populations ahead of disasters

and support disaster risk reduction (DRR) activities.

Early Warning for Anticipatory Action

“The Middle East is the one region that is behind in defining anticipatory action protocols”

Kll, EW/AA Specialist, March 2024

AA is essential for reducing or preventing humanitarian impacts, including displacement, of a forecasted
climate-related hazard before its most acute impacts are realized. As part of the disaster risk management
cycle (Figure 2), AA contributes to the objectives of DRR outlined in the Sendai Framework through “preventing
new and reducing existing disaster risk and managing residual risk”. It can help bridge the gap between
longer-term DRR and durable solutions efforts and humanitarian response for populations facing climate-
change induced risks. Effective AA also links to preparedness, through activities such as developing EWS,
defining trigger-based systems (predetermined criteria for initiating actions), and capacity building activities

with communities and organizations working to minimize impacts of climate related hazards.

KEY ANTICIPATORY ACTION TERMS

0 Anticipatory Action (AA): Acting ahead of a predicted hazardous event to prevent or reduce acute
humanitarian impacts before it unfolds. Commonly refers to mechanisms incorporating pre-agreed
financing for pre-agreed plans, released on a “no regrets” basis once an agreed trigger point is reached.
AA is often used synonymously with “early action” and “forecast-based financing”.

O Disaster Risk Reduction (DRR): Disaster risk reduction is aimed at preventing new and reducing existing
disaster risk and managing residual risk, all of which contribute to strengthening resilience and therefore
to sustainable development.

0 Early Action (EA): A set of actions to prevent or reduce the impacts of a hazardous event or events before
they fully unfold, predicated on a forecast or credible risk analysis of when and where a hazardous event
will occur, e.g. shelter distribution before a forecasted hazardous event. Unlike AA, actions may not have
been planned or allocated funding in advance. The timing of EA can vary — development and climate
actors may allow EA along a longer timeline than AA as part of wider disaster risk management processes,
whereas humanitarians may define EA as occurring after a hazardous event, but before its peak impacts.

0 Early Warning (EW): Information provided in advance of a specific hazardous event or events, disaster,
or conflict to enable stakeholders to take timely actions to reduce disaster risks, e.g. food security warnings
that project where, when, and how severe acute food insecurity is likely to be.

0 Early Warning System (EWS): An integrated system of hazard monitoring, forecasting and prediction,
disaster risk assessment, communication, and preparedness activities that enables individuals,
communities, governments, businesses, and others to take timely action to reduce disaster risks in advance
of hazardous events.

0 No regrets: Actions taken in advance of a hazardous event that provide benefits to the recipient

population irrespective of how or whether a disaster occurs.
Source: Glossary of Early Action Terms, REAP (2022).
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AA has four key components (Figure 3
1.

):37

Forecasting, risk information, and EWSs: includes real-time meteorological and hydrological
observations and forecasts, and EWSs that incorporate humanitarian impact forecasting - including
displacement — and early warning communications for various users.

Planning: includes regulatory frameworks for disaster risk management and sectoral and/or hazard-
specific response strategies.

Financing: includes dedicated organizational or public funds, often on a “no regrets” basis, access to
financial instruments, or public and private climate finance initiatives.

Delivery: includes the technical capacity to enact AA and the organizational mechanisms through which
AA can be delivered (e.g. humanitarian / development organizations, social protection mechanisms,

etc.).

This report focuses on the first component and explores current tools and platforms that could support

forecasting, risk information, and EWS in Iraq, Syria, and Yemen. It focuses on drought and flood hazards,

and explores the provision of humanitarian impact information using existing tools.

Figure 3. Anticipatory action as part of a response and resilience continuum
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Source: After Scott, 2022, also showing the key components of anticipatory action.
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Country Overview
Iraq

Floods: Many communities in Iraq face the risks of fluvial
flooding, with almost 37% of the population exposed to 100-
year floods.*® Annual flooding in the Tigris (February-June)
and Euphrates (March-July) river basins following the winter
rainy season (October-March) can cause substantial damage
and drive displacement, especially in the south. Flash flooding
in northern mountainous and urban areas is frequently
reported, particularly in winter, and is expected to increase as
climate change makes rainfall more erratic.'® All tributaries to
the Euphrates River originate outside of Iraq, so alongside
climatic factors, Iraq is also reliant on transboundary water
management and negotiation to manage flood and drought

risk.

The effectiveness of flood prevention infrastructure in
Baghdad, constructed in the 1950s, has substantially reduced
due to the Gulf War (1990-91) and Irag War (2003-11).

Explainer: Flood return periods

Return periods describe how likely a
flood event is to occur at, or above, a
specific intensity within a timeframe
defined by a probability.

For example, the term Al00-year
floodo is a flood of an intensity that
will be equaled or exceeded on
average once every 100 years (the
fireturn periodo). Therefore, there is a
1% chance of a 100-year flood every
year.

A shorter return period suggests a
higher probability that a flood will
occur in a single year. There is a 10%
chance of experiencing a 10-year or a

20% chance of experiencing a 5-year
flood in a given year.

Infrastructure deterioration has left the city vulnerable to the
impacts of extreme precipitation that often leads to flash

f|ooding.39 Source: GFDRR

Several Killed as heavy rains cause floods in Iraqés Erbil
fAt least eight people have died and several have been injured after torrential rains
caused severe flooding in Erbil, the capital of the semi-autonomous Kurdish region of
northern Iraq, according to officials...Hard ground, compounded by vegetation loss,

means the earth does not absorb water as quickly, and when storms hit, they can
become flash floods. Scientists say climate change amplifies extreme weather,
including droughts as well as the potential for the increased intensity of rainstorms.o

, December 17, 2021.

Drought: In addition to reducing agricultural production, droughts have historically contaminated drinking
water due to an increased concentration of sewage and accelerated saline intrusion, the latter particularly
occurring in southern Iraq. Large outbreaks of waterborne diseases, such as cholera, have been reported
during drought events, most notably in the city of Basra, where a major outbreak was co-attributed to water
management issues.*> As drought has become more frequent, there are reports of climate-based migration as
people move to find alternative livelihoods.*° Drought increases the risk of dust and sandstorms due to low soil
moisture, which has implications for health and the functionality of critical infrastructure. Impacts are well

documented in Iraq, where dust storms have resulted in people being hospitalized with respiratory issues.*’
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Iraq: Specific vulnerable groups

0 IDPs and IDP returnees are particularly vulnerable to hazards. Between October 2020 and November
2021, several formal IDP camps were closed, consolidated, or reclassified as informal camps under a
Federal Government of Iraq initiative. Furthermore, the federal government had planned to close all IDP
camps in the Kurdistan Region (KRI)“2in July 2024 but delayed the decision. IDPs and IDP returnees are
often housed in informal settlements with poor living conditions and limited access to public services.
These are often located in flood-prone areas on the margins of major cities.*

0 Rural small-scale farmers and marshland populations are highly vulnerable to acute food insecurity.
Environmental degradation of the Mesopotamian marshes and wetland ecosystems in south and
southwestern Iraq has resulted in the loss of fishing and agro-pastoralist livelihoods. In agricultural
communities, prolonged drought has limited crop production and livestock herding activities. This has
driven rural-urban displacement, particularly among those aged 15-24.4* Individuals moving to urban
areas often reside in informal settlements, which lack services and are commonly in flood-prone areas.

0 Iraqis home to some 278,000 Syrian refugees, most of whom reside in the KRI,** in tents and poorly

constructed homes that are vulnerable during heavy rainfall events.*®

Humanitarian, Development, and Institutional Contexts

Information on the exposure of vulnerable populations, particularly displaced people, to natural hazards was
formerly reported in Humanitarian Needs Overview documents. These have not been issued since 2023, and
OCHA has stated that “diminishing humanitarian response and increased efforts to achieve durable solutions
with and through development partners...” have removed Iraq from the list of the most severe humanitarian
situations.*”  Other sources of hazard risk information include academic studies and country-level hazard
maps produced by humanitarian organizations; however, the federal government of Iraq does not publish

hazard maps that have been produced for them by academics or humanitarian organizations.™

The capacity of key government agencies has suffered due to the conflict, with more projects being funded
since the Covid-19 pandemic and the shift in focus from humanitarian to development.*Programme (UNEP) is
working with the federal government of Iraq to develop and implement a National Adaptation Plan (NAP) to
address climate change challenges.*® The UN Development Programme (UNDP) is working with the Iraqi
government and local communities to develop drought EWS, with stakeholder engagement and mapping of
EWS needs completed.*” In Iraq, responsibility for early warning and response is spread across government
departments with different agencies tasked with collecting and managing weather and climate information,

early warning for different sectors, and social protection.*°
Syria

Floods: Winter storms and rapid spring snowmelt often result in flash flooding, with the most destructive events
in urban settlements and IDP camps in northern Syria, primarily in the northwest. These events typically drive
secondary displacement. During the 2019 winter floods, for example, severe flooding in the Areesha IDP
camp in Al-Hasakeh Governorate displaced approximately 75% of the camp'’s inhabitants.”’ Over 13% of
the population is exposed to 100-year river flood events,*? particularly communities living near the Euphrates,

Syria’s largest river.

*KIl, EW/AA Specialist
“KIl, EW/AA Specialist
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Drought: Syria is at high risk of drought as desertification, land degradation, high temperatures, poor and
erratic rainfall, and transboundary water management issues have combined to create water scarcity. The
over-abstraction of water for irrigation in the key wheat-producing areas of the northeast has exacerbated the
drying up of the Khabur River®® and contributed to rapid groundwater depletion and increased pollution.
Droughts in Syria have had large-scale humanitarian impacts. Droughts in 1998-2000 and in 2007-2010
reportedly displaced over 1 million people.”® In 2021, the Euphrates reached record lows as poor
precipitation combined with domestic and transboundary water management challenges. Access to water for
over 5 million people was compromised and the prevalence of water-borne diseases increased. Wheat

harvest losses caused widespread economic harm and increased food insecurity.*®

Syria: Specific vulnerable groups

0 IDPs: In northwest and northeast Syria, over 2.6 million IDPs*” live in informal settlements and IDP camps
with insufficient infrastructure including inadequate shelters, limited drainage, and poor access to
services. Approximately 80% of people living in these sites are women and children.”® IDPs have
experienced repeated flooding along with water shortages due to drought, driving secondary
displacement, often between IDP sites and informal seftlements.

0 Transient populations, including herders, are affected by the rising costs of animal feed, shrinking
grazing land, and water shortages. Drought has forced pastoralists to travel further to find suitable
grazing lands, which makes animals more susceptible to disease.’” The 2022 drought precipitated
large-scale livestock culling as livestock fodder prices became a barrier to maintaining herds.®°

0 Small-scale farmers, particularly across northeast Syria (the nation’s “bread basket”) have endured
multiple climate-related shocks and disruptions to agricultural production. The 2007-2010 drought
reportedly drove mass migration of rural farming families to urban centers in search of livelihoods, with

various authors attributing the Syrian conflict to this period of drought, a link that is widely debated.®’

Humanitarian, Development and Institutional

Syria remains mired in a protracted humanitarian crisis, with an estimated 16.7 million people in need of
humanitarian assistance in 2024. Conflict continues in the north, with drought, floods, and the devastating
2023 earthquakes compounding humanitarian needs. Community and institutional preparedness are

|xi

challenged by conflict across differing areas of contro

Publicly available countrywide hazard risk assessments appear absent, although there are suggestions these
were conducted prior to the Syrian civil war.®? The 2009 drought prompted calls for a national EWS and
capacity building to implement the National Drought Strategy,®® however, neither of these appear functional.
Prior to the conflict, the government of Syria had worked to establish and improve national disaster risk
management systems, including developing a national disaster risk strategy, but this has not materialized.
National social protection and other similar mechanisms that could provide support in the event of droughts
or floods were discontinued during the conflict and have not resumed. The focus since 2011 has been on

humanitarian response.

Communities have deployed adaptive measures vis-a-vis flood and drought risks. Depending on their

resources, communities have installed rainwater harvesting systems to support agricultural activities and

X KIl, EW Advisor
xi KIl, EW Advisor
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increase household water supplies. These have included techniques such as creating pits, bunds, and terraces
to collect rain and surface water, and rooftop rainwater harvesting. Communities in flood-prone areas often
construct their homes with flood mitigation measures including layers of stone at the base of walls and the use
of lime-based plasters which are more resistant to flood waters.® Construction of dome-shaped homes is
reported from IDP camps; these structures are more effective at directing water runoff during extreme rainfall
events.®> At the community level, access to weather, climate, and hazard information to aid decision making

xiii

over adaptive measures is sporadic.

Yemen

Floods are a recurring disaster in Yemen, driving displacement and associated damage to infrastructure and
crops each year around the wadis that typically run east to west toward the Red Sea. Fluvial and flash floods
are primarily caused by heavy rainfall events in July and August. An estimated 2.4 million people, nearly 8%
of the population, are exposed to high (100-year) flood risks.®® Flood risk also stems from tropical cyclones,
which primarily affect eastern and central Yemen. Floods have historically caused major damage to
infrastructure including roads, irrigation systems, and power grids. In rapidly urbanized areas damaged by

years of conflict, poor drainage systems contribute to contamination of water networks during flood events.®”

Drought is a recurrent environmental issue in Yemen that worsens the humanitarian situation. Less than an
estimated 3% of Yemen's land is arable and together, drought and desertification impacts around 3-5% of
this land each year in a context where two-thirds of the population is reliant on agricultural for their
livelihoods®®? Drought intensity has already increased along the Tihama coastal plain, which is key to the
national agriculture sector. Across 22 governorates, UN-OCHA in Yemen is planning for drought responses
in six governorates throughout 2024, with an estimated 300,000 people likely to need humanitarian

assistance.”®

Agriculture contributes about 10% to Yemen’s gross domestic product (GDP) and is an important livelihood
source for millions of people. Water-intensive crops, such as gat, are widely grown, contributing to water
scarcity issues. Extended periods of dryness are often followed by heavy rainfall and flash flooding,
accelerating soil erosion, and environmental degradation. For example, January to June 2022 was one of
the driest periods on record in nearly 40 years and was followed by flash flooding, which affected over
300,000 people.”" Drought reportedly drove a 10% increase in displacement in 2023.72

Many endemic and epidemic diseases in Yemen are affected by flooding and drought events. Satellite-
observed rainfall in combination with disease surveillance data have been successfully used to predict the risk

of cholera outbreaks.”® Periods of drought are also associated with increased rates of acute malnutrition.”

Yemen: Specific vulnerable communities

0 IDPs, who number more than 4.5 million, reside in over 2,300 unplanned sites and camp-like settings
and urban neighborhoods, and often face a greater risk of flooding. In 2024, 30% (672) of IDP sites
were assessed as “high” or “critical” flood hazard, meaning over 747,000 IDPs live in areas susceptible
to flooding.”> Critical flood hazard sites are particularly concentrated in the flood plains and urban
areas of Qatabah and Aslam districts (Figure 4). Many camps are in areas with limited humanitarian

access, further restricting efforts to mitigate flood risks and effectively use early warning information.

4 Kll, Shelter Specialist
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0 Mvuhamasheen: The Muhamasheen, which translates as “the marginalized”, have long faced
discrimination. They lack access to essential services and often reside in poorly constructed shelters in
flood-prone urban areas, primarily in Aden, Taiz, and Hodeida. Muhamasheen children face early
marriage and forced recruitment into armed groups.”® Their lack of documentation and access to
traditional support networks can limit their ability to access humanitarian assistance during, and
following, disasters.”

0 Small-scale farmers: Yemen's heavy reliance on subsistence farming makes farming households, many
of which are female-led, particularly vulnerable to flood and drought events. Agricultural drought and
accompanying food and water insecurity prompts increased dependence on negative coping strategies
such as selling assets and accessing informal credit at exorbitant lending rates. Rural-urban displacement
of small-scale farmers is not more common among farming households searching for additional

livelihood opportunities due to water scarcity and drought-related challenges.”

Figure 4. Map showing the number of IDP sites per district considered to have “high” or “critical” flood risk.
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Humanitarian, Development, and Institutional context

Yemen continues to suffer from a protracted humanitarian crisis, with an estimated 11.2 million people in need
of humanitarian assistance in 2024 due to a combination of conflict, climatic hazards, and economic

challenges. The multi-dimensional nature of humanitarian challenges in Yemen, coupled with fractured
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governance structures, negatively affect community and institutional preparedness for floods and drought.*
Prior to the conflict, several flood and drought mitigation initiatives were underway or in preparation. For
example, there were plans for flood retention systems in Hadramout and Al-Mahara, including ongoing work
to establish a national DRM fund for preparedness, response, and reconstruction and a multi-hazard and risk
mapping unit. While mapping has been conducted by humanitarian organizations since the outbreak of

conflict, wider government-led initiatives have stalled.**

At the community level, deployed drought adaptation measures include rainwater harvesting, and the planting
of alternative drought-resilient crops.”” Farmer cooperatives have worked together to construct gabions and
drainage channels as mitigation measures during both floods and drought. Access to hazard risk, weather,
and climate information is constrained by a lack of trust in weather information across differing areas of

control .

Tools and platforms to support data-driven preparedness,
early warning, and response

Governance of weather and climate information

The World Meteorological Organization (WMO) is the specialized UN agency that regulates and facilitates
the exchange of weather and climate data and information, including within the MENA region. Within Irag,
Syria, and Yemen, all of which are WMO member states, national authorities are responsible for observing
and forecasting the weather at various timescales, keeping historical records, and providing information.
National authorities are commonly supported by global producing centers,® who provide weather and

climate information free of charge, including on seasonal timeframes.

Regional Climate Outlook Forums

Regional Climate Outlook Forums (RCOFs) are multi-country platforms that unite
national, regional, and international weather and climate information experts
with key stakeholders such as representatives from authorities responsible for
disaster risk management in a climatologically homogenous area. RCOFs aim to
reach consensus on seasonal climate forecasts and consider the implications of
forecasts on key sectors in the region. RCOFs covering MENA include:

d Arab Climate Outlook Forum (ArabCOF): Iraq, Yemen

0 Mediterranean Climate Outlook Forum (MedCOF): Syria

Syria and Yemen have national weather and climate forecasting capacity, though it is limited by challenges
arising from conflict. In Iraq, these systems are more robust and there are stronger links between national
authorities responsible for weather services and humanitarian and development actors. Delivery of weather

and climate information by national authorities in Syria and Yemen remains limited, particularly in Syria.®’

“KIl, EW/AA Specialist
« KIl, EW/AA Specialist
“ KIl, EW/AA Specialist
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Iraq

The Iragi Meteorological Organization and Seismology (IMO)®? was established by British forces in 1923
and is part of the Ministry of Transportation. The IMO provides publicly available 24-hour forecasts, two- to
five-day forecasts and monthly climate information. Its observational network uses information from several
automatic weather stations managed by the Iragi Agrometeorological Center,®® which reports to the Ministry
of Agriculture. These stations gather information such as air temperature, wind speed, soil moisture, and
evaporation in irrigated and rain-fed agricultural areas. In addition, there are over 100 remote gauging
stations managed by the Iraqgi Ministry of Water Resources, which were installed by the United States
Geological Survey (USGS)® and that collect rainfall statistics and support water management along the Tigris
and Euphrates rivers.

Syria

The Syrian Meteorological Department (SMD),®° supervised by the Ministry of Defense, is responsible for the
provision of weather services in Syrian government-controlled areas. Daily weather forecasts are
communicated via the Syrian Arab News Agency and social media.?® The SMD reportedly has 20 surface
stations gathering weather and climate information. As of 2024, no stations appear functional, as they are
not reporting and there is no systematic provision of early warning information.®” The Ministry of Water
Resources, formerly the Ministry of Irrigation (MOI),% is tasked with water management activities, including
drilling new wells, water law enforcement, dam management, and implementing water infrastructure projects.
The ministry receives support from academic partners (e.g. ACSAD),* who provide groundwater models and

training. The extent of the ministry’s water monitoring capacity is unclear.

There is limited information on areas of Syria outside of government control. Most humanitarian

xvii

organizations obtain weather and climate information from outside of Syria.

Yemen

Governance of weather and climate services have shifted since the Department of Meteorology was
established in the 1940s. Currently, there are two sources of weather and climate information, the Yemen
Meteorological Service (YMS) and the General Authority for Civil Aviation and Meteorology (CAMA), who
merged in the 1990s. YMS/CAMA®® have several observation stations, a number of which have undergone

xviii

rehabilitation in recent years™", providing weather information to support forecasting services. CAMA/YMS
provides daily weather forecasts and special weather bulletins and early warning information through various

media, tailored to specific users.

The Ministry of Agriculture and Irrigation (MAI)°" manages the agrometeorological network, but information
on the status of the observation stations for monitoring rainfall is unclear. The National Water Resources
Authority (NWRA)?? is responsible for water resource management and enforcement of water laws. NWRA
collects information on rainfall, river levels, and surface water flooding, but it is unclear how many of their
stations are fully functional. There is limited information on the provision of early warning information and links

with disaster management authorities and humanitarian agencies.

i KlI, Meteorologist
it K11, EW/AA Specialist
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Platforms to support Early Warning and Anticipatory Action

Advances in weather and climate forecasting over the past decades have been rapid, as improved
observations and enhanced data processing have combined with advances in technology and
supercomputing.” The World Meteorological Organization identified societal and policymaker demand for
highly localized weather and climate forecast information to support decision-making and protect lives for the
next decade as both a challenge and an opportunity.”* Humanitarian organizations themselves have
developed several tools and platforms to support understanding of the potential impacts of disaster events,

aiding decision making and AA.

Private companies have developed commercial weather and climate forecasting services, including Graph
Cast (Google DeepMind) and Pangu-Weather (Huawei). Commercial tools are beyond the scope of this
report. At the time of writing, many do not provide humanitarian impact information, although advances in Al-
assisted applications may see this change.

Platforms with global or significant coverage in humanitarian contexts

Several platforms (Table 2) provide flood and drought disaster information to support AA and response

activities with varying temporality and geographic scope. The tools often rely on a combination of weather

and climate information sources, including observations to satellite data, coupled with _

n " n

AA
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