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Abstract: The Eastern Mediterranean Region (EMR), with its diverse ecological zones, is currently
experiencing climate changes in temperature and precipitation at rates that surpass the global
average. This heightened variability significantly increases the region's vulnerability to climate
impacts. Using the Climate Risk Index (CRI) by Germanwatch and the Notre Dame Global
Adaptation Initiative (ND-GAIN), we evaluated the susceptibility of EMR countries to these
changes. Furthermore, we investigated the relationship between climate vulnerabilities and public
health, focusing on climate-sensitive communicable diseases such as diarrheal diseases, cholera,
malaria, and Crimean-Congo Haemorrhagic Fever (CCHF). We identified regional trends, progress,
and preparedness gaps by recalibrating ranking data from both indices. Our findings reveal
significant climate-induced shifts that challenge traditional economic classifications of EMR
countries. Notably, public health systems are increasingly burdened by climate-driven infectious
diseases, highlighting the gravity of the situation. This study underscores the importance of urgent
action for integrating climate adaptation measures into public health frameworks and fostering
regional collaboration to mitigate the evolving threats of climate change.

Keywords: Eastern Mediterranean Region; communicable diseases; climate risk index; ND-GAIN;
Climate vulnerability; adaptation strategies; climate change; public health impacts; infectious
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1. Introduction

The Eastern Mediterranean Region (EMR), with its unique blend of climates ranging from arid
deserts to lush temperate zones, is experiencing warming at a rate significantly higher than the global
average [1]. This accelerated warming, compounded by the region's intricate natural, societal, and
economic systems, underscores its heightened vulnerability to the diverse impacts of climate change
[2,3]. These vulnerabilities, transcending traditional economic classifications, are closely linked to the
region's public health challenges, particularly the spread of climate-sensitive infectious diseases. The
urgency of this research is underscored by the need for immediate action to mitigate these impacts.

Country-specific vulnerabilities to climate fluctuations within the EMR are often assessed using
indices synthesizing environmental and socio-economic indicators. This study employs two such
indices: the Climate Risk Index (CRI) by Germanwatch, which evaluates weather-related loss events
such as storms, floods, and heatwaves with a focus on human rights and development, and the Notre
Dame Global Adaptation Initiative (ND-GAIN), which combines 45 indicators across critical sectors
like food, water, health, infrastructure, and ecosystem services to measure a country's vulnerability
and readiness for resilience. These indices reveal shifting vulnerabilities that increasingly defy
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traditional economic groupings, suggesting direct implications for infectious diseases' incidence and
geographic spread.

The complex climatic narrative of the EMR is intricately shaped by its proximity to significant
bodies of water and unique geological structures. Influential phenomena such as the North Atlantic
Oscillation (NAO), the Indian Ocean Dipole (IOD), and the El Nifio-Southern Oscillation (ENSO) are
potent forces that significantly influence the region's climate patterns. [4-6]. These patterns manifest
in increased temperatures and a rise in hydrological extremes, such as floods and droughts, posing
considerable challenges to the region's infrastructure, agriculture, and water resources [7,8]. The
anticipated northward migration of jet streams and storm paths may increase precipitation in specific
areas; however, the overarching trend points to a drying trajectory that has profound implications
for river systems and the agricultural livelihoods they support [9-12].

The EMR's vulnerability to climate impacts extends to public health. In 2021, the region reported
over 12 million COVID-19 cases and 194,245 deaths, with a case-fatality ratio of 1.8%. Additionally,
31 major outbreaks of infectious diseases were reported across 11 countries, including acute watery
diarrhea, cholera, Crimean-Congo hemorrhagic fever (CCHF), dengue, extensively drug-resistant
typhoid fever, hepatitis E, measles, and wild poliovirus. Seven countries experienced vaccine-derived
poliovirus type 2 (VDPV2) outbreaks, while 17 sporadic MERS cases were reported in Saudi Arabia
and the UAE. These outbreaks resulted in over 398,140 cases and 682 deaths, with WHO supporting
detection and response efforts [13]. Figure 1 illustrates the distribution of infectious disease outbreaks
across the EMR in 2021.

Yemen's severe cholera outbreak in 2017, with over 1.5 million suspected cases, highlights the
urgent need to investigate how climate variability influences disease patterns [14]. Similarly, Djibouti
experienced a surge in malaria cases due to the invasive Anopheles Stephensi mosquito. The outbreak
worsened due to optimal urban breeding conditions, with malaria cases surging by 42.9 times from
2013 to 2021, reaching around 72,300 cases [15,16]. This increase has continued into 2023, posing a
severe public health challenge. In 2022, Iraq experienced a significant outbreak of Crimean-Congo
hemorrhagic Fever (CCHF), with 212 reported cases between January and May, including ninety-
seven confirmed cases and 27 deaths, primarily in the Thigar governorate [15]. The outbreak,
transmitted through tick bites and contact with infected animal blood or tissues, strained Iraq's
already challenged healthcare system.

Despite numerous studies on climate-related health impacts, a critical gap persists in the
integration of qualitative assessments with quantitative indices, such as the Climate Risk Index (CRI)
and the Notre Dame Global Adaptation Initiative (ND-GAIN), to comprehensively analyze the
intersection of climate change and public health. This study bridges this gap by employing a mixed-
methods approach to assess climate change vulnerabilities and their health impacts. By coupling
climate indicators with trends in infectious diseases, this work provides a comprehensive overview
of the region's emerging "communicable disease map," informing regional adaptation strategies and
contributing to the global understanding of climate-health dynamics.
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Figure 1. WHO'’s report of infectious diseases outbreak in Eastern Mediterranean Region in
2021[13].

2. Materials and Methods

Study Objectives: This study critically assesses the health sector's vulnerability to climate change
in Eastern Mediterranean Region (EMR) countries, spanning two decades from 1999 to 2022. By
employing a mixed-methods approach, it integrates climate indicators with disease trends to offer a
comprehensive perspective on emerging climate-related public health risks. The findings, which are
important, are intended to inform targeted adaptation strategies and contribute to advancing the
climate change and public health field.

Research Approach and Data Sources: The methodology integrates four analytical tracks to
comprehensively address the intersection between climate change and health vulnerabilities from
multiple perspectives. This integrated approach ensures a thorough analysis, identifying disparities,
evaluating the concordance between climate vulnerability indices and public health challenges, and
enhancing the depth of the study.

Track one. Global Vulnerability Indicators (CRI): The Climate Risk Index (CRI) quantifies
exposure to climate-related disasters from 2000 to 2019, including mortality rates and economic losses
[17,18]. This track provides a global perspective on exposure to climate-related disasters.

Track two. Health Vulnerability Indicators (ND-GAIN): The Notre Dame Global Adaptation
Initiative (ND-GAIN) assesses vulnerability and readiness to adapt to climate change, focusing on
the health sector [18,19].

Track three. Climatological Data Analysis: Surface air temperature and precipitation data for
selected EMR countries were sourced from the NASA GISS Surface Temperature Analysis
(GISTEMP) dataset. This data set provides comprehensive historical and projected climate data,
enabling the evaluation of climatic trends and variability across the region [20].

Track four. Climate-Related Disease Patterns: This track investigates the relationship between
climatic changes and regional patterns of climate-sensitive diseases, including diarrheal diseases,
cholera, malaria, and Crimean-Congo hemorrhagic fever (CCHF), which were analyzed using
publicly available datasets and literature.
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Data Availability: All datasets used in this study, which are crucial for further research and
policy development, are publicly available. The CRI data can be accessed at Germanwatch, ND-GAIN
data at ND-GAIN.org, and climatological data at NASA GISS Surface Temperature Analysis
(GISTEMP) dataset.

Ethical Considerations: No human or animal subjects were involved in this study, and no ethical
approval was required.

3. Discussion
3.1. ND-Gain and CRI

The ND-GAIN Index assesses the country's preparedness to handle health-related climate
challenges. It does so through a framework categorizing indicators into exposure, sensitivity, and
adaptive capacity. Exposure indicators primarily forecast changes in disease patterns and mortality
rates that could result from climate-induced health issues. On the other hand, sensitivity indicators
highlight infrastructural weaknesses and societal capabilities to face health emergencies, revealing
the underlying vulnerabilities within a health system. Adaptive capacity indicators evaluate the
availability of critical health resources such as medical staff and sanitation facilities, providing a
comprehensive picture of a country's resilience to health challenges posed by climate change [21].

The health vulnerability analysis in the Eastern Mediterranean Region (EMR) underscores the
varying levels of preparedness and resilience among countries. Nations such as Afghanistan,
Djibouti, Pakistan, Somalia, Sudan, and Yemen exhibit high vulnerability, with indices greater than
0.6. Among these, Afghanistan, Djibouti, and Pakistan have experienced an increase in health sector
vulnerability over the past decade, while Somalia and Sudan have shown slight improvements.

Countries with moderate vulnerability, including Egypt, Iran, Iraq, Jordan, Lebanon, Libya,
Morocco, and Syria, have indices ranging from 0.4 to 0.6. Jordan has significantly reduced its health
sector vulnerability, decreasing from 0.41 to 0.36 over the past two decades, positioning it close to
countries with lower vulnerability indices. Countries in the GCC, such as Bahrain, Kuwait, Qatar,
Saudi Arabia, and the UAE, along with Tunisia, are categorized under low vulnerability, with indices
below 0.4. Kuwait stands out for its consistently low vulnerability since 2000, showing a gradual
decrease over the past decade. However, Oman's moderate vulnerability score indicates a pressing
need for focused improvements in its health sector resilience. This underscores the urgency and
importance of addressing health vulnerability in these regions. An overall summary of the dynamics
of health vulnerability can be found in Table 1.

Table 1. ND-Gain health vulnerability trends for the EMR countries during the past decade. Source:
Eckstein et al. (2021) [17].

Vulnerability Vulnerability trend 10 years

level Increase Decrease

High (0.6-1.0) Afghanistan, Djibouti, Pakistan, Somalia
Sudan

Moderate (0.4-0.6) | Iraq, Morocco, Oman, Egypt, Iran, Jordan, Lebanon,
Syria Libya

Low (0.0-0.4) Bahrain, Kuwait, Qatar, Saudi

Arabia, Tunisia, UAE

The Climate Risk Index (CRI), developed by Germanwatch, evaluates countries' and regions'
vulnerability to climate-related disasters by examining both human and economic costs associated
with extreme weather events. Using data from Munich Re NatCatSERVICE, one of the most
comprehensive databases on natural catastrophes worldwide, the CRI calculates these metrics based
on data from the past 20 years. By focusing on metrics such as number of deaths, death rates relative
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to population, financial losses, and the proportion of these losses relative to GDP, the CRI provides a
comprehensive view of climate risk. It emphasizes the importance of normalization techniques, such
as adjusting for population size and economic strength, for generating overall rankings based on
scores in four weighted categories: death toll (1/6), deaths per 100,000 inhabitants (1/3), absolute
losses in PPP (1/6), and losses per GDP unit (1/3) [17].

The CRI ranks countries based on how they have been affected by storms, floods, and heat
waves, offering insights into their exposure and vulnerability. It evaluates absolute and relative
impacts to generate an average ranking across four categories: number of deaths, deaths per 100,000
inhabitants, total losses in US dollars (adjusted for purchasing power parity, PPP), and losses as a
percentage of GDP. The CRI provides critical data for policymakers and stakeholders to guide climate
adaptation and mitigation strategies [17,18].

Countries ranking higher on the CRI typically experience more pronounced health impacts, such
as higher mortality rates and disruptions to daily life, particularly straining healthcare systems in less
developed countries [17]. Additionally, the CRI serves as a crucial warning system, alerting regions
that may experience more frequent or severe extreme weather events due to ongoing climate change.
The index highlights vulnerable areas, underlining the urgent need for governments to implement
strategies that strengthen infrastructure, healthcare systems, and emergency responses [18,22].

Figure 2 maps the average ranking of Eastern Mediterranean Region (EMR) countries according
to the Climate Risk Index (CRI) over ten years. It shows the yearly ranking of countries in the
Environmental and Monetary Risk (EMR) Index and the Climate Risk Index (CRI) over a substantial
20-year period from 1999 to 2019. The rankings demonstrate dramatic changes in some countries in
the region from year to year. The long-term data, while revealing significant year-to-year
fluctuations in rankings, is crucial for a reliable and accurate vulnerability assessment. It highlights
persistent high vulnerability for specific countries, offering essential guidance for developing climate
adaptation and risk management strategies [17,23].

For example, Tunisia shifted from a ranking of 35 in 2018 to 130 in 2019. Afghanistan, for
instance, ranked among the top twenty most vulnerable countries for 17 out of 20 years, reaching
sixth globally in 2019. Similarly, Pakistan has consistently ranked among the top ten most vulnerable
countries globally, reflecting its increased vulnerability to climate change.

Notably, the data challenges common assumptions about vulnerability to climate change and
the economic strength of the countries, as seen in the case of Oman. Despite its higher GDP, Oman
consistently maintained a vulnerability ranking within the top 20 to 30 throughout the two decades.
This unexpected finding reinforces the fact that even economically stronger nations are not exempt
from climate risks and underscores the multifaceted nature of vulnerability to climate change

0
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Figure 2. Twenty years (1999-2019) of CRI score for EMR countries, high score indicated less
vulnerability. Source: Germanwatch (2021) [22].
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3.2. The Distinctive Climate Features of the EMR

The Eastern Mediterranean region has a diverse climate, including hot, arid deserts, semi-arid
areas, and Mediterranean climates with hot, dry summers and mild, wet winters. Coastal areas
experience more moderate temperatures and higher humidity, while inland areas, such as those in
the Arabian Peninsula, are subject to extreme heat and minimal rainfall. The region is also prone to
occasional droughts and has limited freshwater resources, exacerbating the challenges of water
scarcity and significantly influencing agricultural and living conditions. These climatic features
contribute to the overall environmental stress impacting public health and the prevalence of diseases,
including diarrheal illnesses.

3.2.1. Temperature Patterns and Trends

The EMR temperature anomaly trends follow a natural geographical subregional pattern. The
EMR can be divided geographically into five subregions: North Africa (Egypt, Libya, Morocco, and
Tunisia), Sham Area (Syria, Lebanon, and oPT), Southern Region (Djibouti, Somalia, Sudan, and
Yemen), The Gulf Cooperation Council (GCC) (Bahrain, KSA, Kuwait, Oman, UAE, and Qatar), and
the Eastern Sub-Region (Afghanistan, Iran, and Pakistan).

Trends of temperature anomalies in the Eastern Mediterranean Region (EMR) compared to
global trends from 1940 to the present are presented in Figure 3. Over the decades, the EMR has
experienced more significant fluctuations in temperature anomalies compared to the global average,
with particularly deep troughs and sharp peaks. Notably, the EMR's temperature anomalies have
occasionally dipped below -2.5°C and surged above 1.5°C, diverging markedly from the more stable
global trend. Since the early 2000s, the EMR and the global average have shown an upward trend.
However, a notable exponential rise of the regional anomaly during the past two decades, almost 0.4
°C compared with the global one, underscores the EMR's heightened sensitivity to climate variability
and its significant deviation from the global temperature behaviour [2]. This emphasizes the urgency
for a deep understanding of the climatic drives in the region and the region-specific needs.

The graph of subregional temperature anomalies in the Eastern Mediterranean Region (EMR)
from 1940 to the present displays distinct climatic behaviours across its five subregions—North
Africa, Sham Area, Southern Region, Gulf Cooperation Council (GCC), and Eastern Sub-Region.
North Africa shows stable but changing climate patterns with less fluctuation, while the Sham Area
and Southern Region exhibit high variability with sharp temperature peaks, indicating extreme
climate events. The GCC demonstrates moderate variability with notable recent peaks, reflecting
sensitivity to climatic shifts. The Eastern Sub-Region experiences the most dramatic fluctuations,
suggesting significant climatic extremes. Overall, recent years show a trend of rising temperature
anomalies across the subregions, underscoring the need for region-specific climate adaptation
strategies.
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Figure 3. Development of temperature anomalies against global average for regional and global
temperature and sub-regional anomalies for same period. Source: Copernicus Climate Change Service
(2023).

3.2.2. Rainfall and Extreme Weather Events

While temperature monitoring and data are widely available, precipitation data with a period
that allows a regional or country analysis are scarce. Published data showed contrasting cumulative
regional and sub-regional annual, seasonal, and monthly rainfall trends. The results show a mix of
statistically significant negative and positive annual rainfall trends over the EMR The negative trends
are primarily found in the northern parts of the Sham sub-region, while the positive trends are mostly
located in the Arabian Peninsula sub-region. The trends in the seasonal patterns of early, mid, and
late annual rainfall onset and cessation, as well as the duration of the dry and wet seasons, were also
calculated [24].

Extreme precipitation events can vary between increases in floods and extended droughts, even
within country borders. One of the ways to express the possible impact of a shifting pattern of rainfall
can be presented by monitoring the population exposed to flooding and droughts. Recent studies [25]
pointed out that much of the region surrounding the Mediterranean Sea showed an expected
decrease (down -30% from historical values), yet for the Arabian Peninsula, there is an expected
increase in precipitation (up +50% from historical values). The stretch of countries from the Horn of
Africa to the United Arab Emirates should expect increased precipitation. Extreme weather events
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such as flooding, and droughts directly affect many communicable diseases. Many countries in the
region have been experiencing a rise in the number of populations affected by these events. As seen
in Figure 4, some of the countries in the region, such as Djibouti and Afghanistan, are witnessing an
increase in both extremes. Meteorological patterns of increasing temperature and extreme events,
such as flooding and droughts, are crucial factors in controlling many communicable disease
patterns, particularly those related to vectors and environmental factors.
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Figure 4. total population affected by floods (up) and droughts(down) per 100 000 population for
some pf the EMR countries during the past 60 years. Source: Global Health Observatory).

3.3. Climate-Related Disease Patterns in the EMR

The Eastern Mediterranean region faces various public health challenges, including those related
to communicable diseases, with certain diseases being particularly influenced by climate factors such
as diarrheal diseases and vector-borne diseases. Here is an overview of the regional profile with
emphasis on these issues:

3.3.1. Diarrheal Diseases

Diarrheal diseases are a significant public health concern in the Eastern Mediterranean region,
particularly in areas with inadequate sanitation, poor hygiene practices, and limited access to safe
drinking water. Climate factors such as increased temperatures and changes in precipitation patterns
can explicitly define the risk of disease spread by providing a favourable environment for the survival
of the disease vehicle or by affecting water quality and sanitation infrastructure [26]. For instance,
high and low-temperature extremes affect illness rates and years of life lost in regions across various
income levels, including low-, middle-, and high-income areas [27].

The systematic review and meta-analysis by Liang et al. [28] comprehensively evaluates the
relationship between ambient temperature and the risk of infectious diarrhea (ID). The study found
that an increase in temperature significantly raises the risk of ID, with a cumulative relative risk (RR)
of 1.42 (95% CI: 1.07-1.88) and a single-day RR of 1.08 (95% CI: 1.03-1.14). Subgroup analyses revealed
that the risk varies by type of diarrhea, with bacillary dysentery showing a particularly high
cumulative RR of 1.85 (95% CI: 1.48-2.30). The study highlights that higher temperatures generally
promote bacterial growth and prolong the survival of pathogens, which increases the likelihood of
infection.

This phenomenon is especially critical in regions where temperature fluctuations are more
extreme, thereby necessitating targeted public health interventions to mitigate the impact of climate
change on infectious diarrhea incidence [28]. In a literature review by Zhang et al. [29]. high and
low extreme temperatures increase the risk of illnesses such as infectious diarrhea and bacillary
dysentery. Contaminated water sources, inadequate sanitation facilities, and improper food handling
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practices during extreme weather events can contribute to outbreaks of diarrheal diseases such as
cholera, typhoid fever, and rotavirus infections. In developing countries, rapid urbanization and
insufficient access to safe drinking water further increase the incidence of diarrheal diseases among
children [30]. Extreme weather events, like heavy rainfall, often contaminate water sources, thus
facilitating the spread of these diseases [31]. Climate change-induced extreme weather also disrupts
food production, leading to food insecurity and a higher risk of foodborne illnesses [32,33].

Figure 5 shows some observations on the development of diarrheal disease episodes in the EMR
from 2010 to 2021. The general trend in the region shows a decline in diarrheal disease episodes by
24% during this period. However, some countries deviate from this regional trend. Djibouti
witnessed a slight increase of about 6% in diarrheal disease episodes. More notably, Oman
experienced a significant increase of 26%, and Tunisia saw a 12% rise over the same period.

In contrast, Saudi Arabia maintained a stable trend with zero increase of diarrheal disease the
over past ten years. Interestingly, these increases are observed in countries typically classified as
high-income with robust water and sanitation infrastructure. Although it is challenging to attribute
these changes solely to climate change, dismissing them as a contributing factor is difficult. The
varying trends suggest that while public health and water and sanitation interventions might be
effective regionally, other factors, including climate change, influence the incidence of diarrheal
diseases in specific countries.

Diarrhcal discasc episodes, 2010 L0 2021

The estimated number of diarrheal disease episodes® per 100,000 people per year

100,000, __—"Djibouti
80,000
/,u()()()\\‘
Eastern Mediterranean (WHO)
40,000
—e Tunisia
————— . .~  ————SaudiArabia
20,000 —_—  — ————United Arab Emirates
—_— - —————Quatar
2010 2012 2014 2016 2018 2021

Data source: IHME, Global Burden of Discasce (2024)

1. Diarrheal disease episode: Diarrheal disease episodes are defined as three or more loose stools in a 24-hour period

Figure 5. Diarrheal disease episodes per 100 000 population per year for the EMR and some selected
countries in the region Source: IHME, Global Burden of Disease (2024).

When examining trends in cholera outbreaks and deaths in the EMR, it is essential to highlight
that the EMR witnessed the largest Cholera outbreak in modern history in Yemen in 2017, where the
number of suspected cases surpassed one million, with over 2,000 fatalities reported by the end of
2017 [34]. Cholera is gaining more territory, with some countries witnessing the reemergence of some
climate-related diseases after more than two decades of no reported cases, such as the case of cholera
outbreaks of 2022 in Syria, which extended to Lebanon [35,36]. The EMR is witnessing cholera
outbreaks on a yearly and seasonal basis in many countries in the region, including Somalia, Sudan,
Iraq, Pakistan, and Afghanistan [37].

Figure 6 presents the development of case fatality rates of Cholera in Somalia and Afghanistan
for the period 2004-2021. The case-fatality rate in Somalia shows a highly volatile trend over the 17
years, with significant peaks, suggesting outbreaks with higher mortality rates. The most notable
peaks occurred around 2007, 2010, and 2017, with rates exceeding 2.5%. In contrast, the rate dropped
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below 1% in 2012 and from 2017 to 2019, indicating better disease control or improved healthcare
response during those times.

Afghanistan's trend has been lower than Somalia's throughout the period, yet it still
demonstrates fluctuations. The rate in Afghanistan peaked at just above 1.5% around 2009 and
showed a smaller peak in 2011, then another much bigger peak around 2017, which rose to 3%. From
2012 to 2016, Afghanistan's rate stayed consistently below 1%, which indicates an improvement in
detection, treatment, or overall healthcare provision for cholera.

2004 2006 2008 2010 2012 2014 2016 2018 2021

Figure 6. Cholera case fatality rate, 2004-2021 For Afghanistan and Somalia. Source: Global Health
Observatory.

The rise in diarrheal cases contradicts the evident efforts to improve the WASH (Water,
Sanitation, and Hygiene) situation in the EMR, as reported by the Joint Monitoring Program (JMP)
by WHO and UNICEF regarding sanitation coverage, as illustrated in Figure 7. This highlights the
critical need to consider climate conditions seriously to ensure they do not undermine the overall
efforts to enhance WASH services.

Household data - WHO reg - Eastern Mediterranean - Service Levels

Open defecation
Unimproved
Limited

Figure 7. Development of sanitation coverage in the EMR. Source: JMP.

3.3.2. Vector-Borne Diseases

In the Eastern Mediterranean Region (EMR), climate indicators such as temperature, rainfall,
and humidity are crucial in shaping the current and future transmission patterns of vector-borne
diseases, particularly malaria. The relationship between climate and vectors' survival, abundance,
and disease transmission capabilities is well-established [38]. Climate change and variability are
critical drivers of malaria epidemics, especially in highland areas [39]. When excluding factors like
human interventions in anthropogenic control programs, land use, and topography, vectors
generally thrive under favourable climate conditions—specifically within optimal ranges of
temperature, rainfall, and humidity [26,39,40].

Both malaria and dengue are transmitted by mosquitoes, making vector control essential for
managing these diseases. Aedes aegypti is the primary vector for dengue, active during the day [41],
while Anopheles mosquitoes, which transmit malaria, are active at dusk and night Despite their
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behavioural differences, both species thrive in warm, humid environments and breed in stagnant
water, commonly found in tropical and subtropical regions [42,43].

Temperature and precipitation, as key climatic factors, drive malaria transmission in the EMR.
According to Shapiro et al. [44], temperatures ranging between 21°C and 27°C are ideal for mosquito
survival, significantly influencing malaria spread. However, it's not just the average temperature that
matters, but also diurnal temperature fluctuations, which play a crucial role in malaria transmission
[45]. This relationship is further emphasized when, under stable mean monthly rainfall, an increase
in temperature correlates with a higher incidence of malaria. A consistent monthly temperature of
21.5°C, along with other environmental elements like rainfall and humidity, can interact with
temperature, impacting the prevalence and spread of the disease. This analysis underscores the
complex and crucial role temperature plays in malaria dynamics, especially considering various
ecological and meteorological conditions [46].

For example, the fewest detected Malaria cases in the region was recorded in 2009. Despite
efforts to control Malaria during the past two decades, this reduction trend was inverted
continuously until 2021 (Figure 8). The southern area of Egypt bordering Sudan, where Malaria is
endemic, started to experience a notable increasing pattern [47], suggesting the possibility of shifting
climatic conditions to become a more suitable environment for the Malaria vector and the re-
emergence of the disease. Figure 9 shows the increase in Malaria incidence trend in the northern
region of Egypt, El Arish, where the temperature increases to become optimal for vector survival.
Similarly, Dengue fever incidence has risen in the EMR in recent years [48]. Climate factors such as
temperature and rainfall influence the distribution and abundance of Aedes mosquitoes, leading to
the spread of dengue fever in urban and semi-urban areas [49].

Total Number of regional Malaria cases

Total Number of cases
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o
o
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Figure 8. Estimated total number of Malaria cases reported in the EMR. Source: Global Health

Observatory.
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Figure 9. Estimated total number of Malaria cases reported in the EMR. Source: Global Health
Observatory.
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Malaria and Dengue vectors share climatic dependencies for breeding and survival. Both
mosquitoes thrive in warm, humid environments, where stagnant water facilitates breeding cycles to
lay their eggs. Additionally, the spread of both malaria and dengue is profoundly influenced by
seasonal changes, with higher transmission rates typically observed during and just after rainy
seasons due to the increased availability of breeding sites. Anopheles and Aedes mosquitoes are
adapting to urban environments, with Anopheles Stephensi recently invading cities in Africa and the
Middle East. This urban adaptation is linked to population movement, unplanned urbanization, and
poor water management [50,51].

Crimean-Congo Hemorrhagic Fever (CCHF) is transmitted to humans through Hyalomma tick
bites, with the surrounding environment significantly influencing tick growth and survival [52].
Optimal temperatures for tick activity range from 20°C to 40°C, which promote faster development
from larvae to adults [53]. Moderate to low humidity supports tick survival, while high moisture
levels can negatively affect their life cycle. Low to moderate precipitation is favourable, but excessive
rainfall can reduce survival by altering habitats [54]. Vegetation cover and host availability, such as
small mammals and livestock, are also crucial for maintaining tick populations [55]. Studies show
that humidity and precipitation before disease outbreaks correlate with increased CCHF cases, and
temperature fluctuations impact both tick populations and CCHF incidence [56]. These climatic shifts
are driving the northward expansion of the CCHF virus, emphasizing the need to monitor
climatological factors in endemic regions could help predict and prepare for potential outbreaks
including potential patient admissions in healthcare facilities [57].

For Leishmaniasis, the same pattern can be observed. A disease transmitted through the bites of
infected sandflies and is endemic in parts of the Eastern Mediterranean region. Typically, the seasonal
activity of leishmaniasis vectors in the Mediterranean peaks between July and September, with
transmission possible from May to October [58]. Climate change has a profound impact on this
disease's distribution and transmission dynamics and imposes significant challenges for
leishmaniasis control efforts in affected areas [59]. Rising temperatures are expected to expand the
geographical range of the primary vector, Phlebotomus Papatasi, potentially increasing endemic
areas. For instance, temperature, humidity, and rainfall variations have been linked to fluctuations
in the incidence of cutaneous Leishmaniasis in Iran [60].

The West Nile virus (WNYV), transmitted by Culex species mosquitoes, is another critical vector-
borne disease in the Eastern Mediterranean region. Climate change is anticipated to expand the
geographical range of WNV and lengthen its transmission season. Warmer temperatures and
precipitation play a crucial role in the dynamics of WNV's transmission and distribution [61]. Other
environmental factors such as vegetation index, anthropized habitats, and bird migration patterns
also play a role in the spread of the virus [40,62].

In addition to diarrheal and vector-borne diseases, other communicable diseases such as
respiratory infections, hepatitis, and vaccine-preventable diseases remain significant public health
concerns in the Eastern Mediterranean region [13]. Climate factors, during extreme weather events,
directly and indirectly, exacerbate the spread of various communicable diseases in the region by
affecting population displacement, human behaviour, and healthcare infrastructure resilience. Figure
10 shows the number of populations affected by drought and flood in Afghanistan, Pakistan and
Somalia during 2004 to 2023. Rising temperatures, extreme weather events, and changing
precipitation patterns affect the transmission of vector, water, and food-borne and vaccine-
preventable diseases [20,63]. The transmission of human respiratory pathogens is affected by
weather, climate, humidity, temperature, and airflow. For instance, the transmission of SARS-CoV-2
is likely influenced by temperature and relative humidity [64]. Hepatitis outbreaks, particularly
hepatitis A and E, can be influenced by climate factors affecting water quality and sanitation, such as
flooding and drought [65]. Extreme weather events, such as floods and droughts, significantly
disrupt healthcare services and vaccination programs, increasing the risk of outbreaks of vaccine-
preventable diseases like polio and measles in Pakistan and Afghanistan [66,67]. The climate-induced
displacement causes overcrowded temporary shelters. Within these temporary settlements, access to
clean water and sanitation is limited, facilitating the spread of communicable diseases. Droughts and
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other climate-related factors can lead to food insecurity, causing malnutrition. Malnutrition weakens
the immune system, making populations more susceptible to infectious diseases [67-69].

Based on the evolving meteorological patterns in the region and the associated changes in the
incidence of specific communicable diseases, we analysed the climate vulnerability across all
countries in the Eastern Mediterranean Region (EMR). This analysis aims to identify which countries
need to prioritize addressing the new dynamic patterns of diseases, both in terms of severity and
frequency, grounded on climate and epidemiological evidence.

Population Affected by Floods and Drowghts in Alghanistan (2004-2023)

..........
"
—r"
.

Figure 10. Populations affected by flood and drought in Afghanistan, Pakistan and Somalia 2004-
2023. Source: For drought, data based on EM-DAT, CRED / UCLouvian, Brussels, Belgium —
www.emdat.be (D. Guha-Sapir).

4. Conclusion

The Eastern Mediterranean Region is a climatic and public health crucible, increasingly shaped
by the multifaceted impacts of global climate change at a rate surpassing the global average. This
study elucidates the direct influence of climatic changes, reshaping the epidemiological landscape
with deviations from traditional socio-economic and geographical classifications and particularly
influencing the prevalence and distribution of climate-sensitive diseases such as diarrheal diseases,
cholera, malaria, and Crimean-Congo Haemorrhagic Fever (CCHF) and Leishmaniosis [1,20,63].

Utilizing the Climate Risk Index (CRI) and the Notre Dame Global Adaptation Initiative (ND-
GAIN), our analysis reveals a stark vulnerability among EMR countries to climate-related health risks
[17,19,23]. Nations like Afghanistan, Djibouti, Pakistan, Somalia, Sudan, and Yemen exhibit high
vulnerability, with significant increases in health sector vulnerability over the past decade.
Conversely, countries in the Gulf Cooperation Council (GCC) like Bahrain, Kuwait, Qatar, Saudi
Arabia, the UAE, and Tunisia demonstrate lower vulnerability indices, though Oman remains
moderately vulnerable.

Our findings show that extreme weather events, such as floods and droughts, have profound
implications for the spread of vector-borne and waterborne diseases [70]. For instance, the rising
temperatures in southern Egypt and the Gulf Cooperation Council (GCC) countries suggest a more
conducive environment for the reemergence of malaria, while the increase in precipitation in parts of
the Arabian Peninsula could exacerbate the spread of diseases like dengue and West Nile virus
[40,48,71].

This study offers a novel framework for assessing climate-related health vulnerabilities by
integrating traditional climate vulnerability indices like the ND-GAIN and Climate Risk Index (CRI)
with sector-specific health indicators. While these indices have been widely used independently to
assess a country's climate vulnerability and readiness, the novelty of this approach lies in its
multifactorial integration. The approach can significantly inform public health strategies and
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policymaking in the context of climate change. It highlights that the current traditional classification
of public health dependency on GDP may no longer be valid, given the increasing frequency and
severity of natural disasters and the reemergence of some pathogens in many countries in the region.
The juxtaposition of the COVID-19 pandemic alongside climate-induced disease dynamics
underscores the indispensable role of resilient health systems capable of proactive adaptation and
prevention strategies.

The way forward demands enhanced sub-regional cooperation that transcends political
boundaries, fostering a concerted approach to the dual challenges of climate change and public
health. Forming strategic alliances, harmonizing knowledge, and coordinating action plans are
imperative to mitigate the risks of climate vulnerability and communicable diseases effectively. This
collaborative effort will ensure a more resilient and proactive response to the evolving threats in the
region. This study advocates for an integrated response that unites environmental and health
governance to safeguard the well-being of populations in one of the world's most climatically diverse
and dynamically challenged regions. Further investigation through sub-regional climate modelling
is needed to explore the intricate linkages between climatic factors and disease patterns, providing a
robust foundation for public health resilience in the face of ongoing climatic. Such research is crucial
for preparedness and developing effective strategies to address these emerging threats [67,72]. This
article calls for urgent action to scale up preparedness measures in the health sector to address both
intensifying outbreaks and the reemergence of climate-related diseases and to incorporate climate
adaptation strategies.
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