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Abstract: A narrative review on the interlinking effects of climate change and air pollution, and
their impacts on human health in the Arabian Peninsula and its Neighbouring Regions (APNR)
is provided. The APNR is experiencing the direct impacts of climate change through increasingly
extreme temperatures in the summer season, increasing maximum and minimum temperatures,
and increased frequency and severity of dust events. The region is also experiencing significant
air pollution, of which particulate matter (PM), nitrogen dioxide (NO2) and sulphur dioxide (SO2)
are of specific concern. Air pollution in the APNR is mainly caused by unprecedented industrial,
population and motorization growth. The discovery of oil in the early 20th century has been the
major economic driving force behind these changes. Climate change and air pollution impact human
health in the region, primarily respiratory and cardiovascular health. Despite an increase in research
capacity, research intensity was found to be inconsistent across the APNR countries, with Saudi
Arabia, the UAE, Qatar and Iraq publishing more research articles than the other countries. In this
review article, the existing research gaps in the region are investigated and the lack of synthesis
between the interacting effects of air pollution and climate change upon human health is highlighted.

Keywords: climate change; air pollution; health; Arabian Peninsula; GCC; Arabian desert

1. Introduction

Climate Change, air pollution and human health are intricately linked, and efforts to
improve them represent key aspects of sustainable development within the interlinking
spheres of society, economy and environment [1]. To ensure sustainable development,
nations need to find a balance between economic development and the associated environ-
mental impacts, ensuring that population and environmental health are optimized.

This review focuses on the Arabian Peninsula and its Neighbouring Regions (APNR).
The Arabian Peninsula (AP) is located in Western Asia, bordered by the Red Sea from the
southwest and west, by the Persian (also known as the Arabian) Gulf from the northeast, by
the Gulf of Oman from the east and by the Arabian Sea from the southeast; see Figure 1 [2].
The AP comprises six countries, with two more countries also extending onto the peninsula.
The countries located wholly on the peninsula are Saudi Arabia, Oman, Kuwait, Qatar,
Yemen and the United Arab Emirates (UAE). The southern portions of Jordan and Iraq
also extend into the peninsula. Geopolitically, Bahrain is also part of the peninsula. The
southwestern coastline of Iran is close to the AP’s northeastern coast and is found to
be impacted by wind events and dust storms originating in the AP [3], and hence, it
is considered in this review. The AP is the largest Peninsula in the world, covering a
geographical area of 3,237,500 km2 and, in 2021, was home to over 77.9 million people [4].
Saudi Arabia is the largest country of the APNR in terms of geographic area and population,
spanning over 2,150,000 km2 (66% of the peninsula’s total area), and is home to over
33.4 million people [4].
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In the APNR, geography is highly significant with respect to climate change, air pol-
lution and human health. The dusty and desert environment presents numerous chal-
lenges. Dust storms play an important role in the distribution of pollutants by transferring 
particulate matter (PM) pollution from one region to another, both internal and external 
to national boundaries [5]. Dust storms could attenuate or intensify the impacts of climate 
change in the region, it remains unclear whether dust storms have a net cooling or warm-
ing effect on the planet [6]. Health issues follow the trends of air pollution and climate 
change as a natural consequence. Out of 3.45 million premature deaths related to fine par-
ticulate matter pollution worldwide, approximately 12% (400,000 deaths) were related to 
air pollutants emitted in a region of the world other than that in which the death occurred. 
In light of the above, transboundary air pollution is one of most serious environmental 
challenges in many regions around the world [7]. 

The APNR countries have been a dominant force in the global oil and gas sector since 
the discovery of oil in the region, producing about 35% and 25% of the world’s natural 
gas and crude oil, respectively. The discovery of fossil fuels led to exponential, unprece-
dented economic and wealth growth in the region [3]. This economic prosperity was ac-
companied by exponential growth in the population [8].  

A hydrocarbon-fuelled economy, with increasing wealth and population, has led to 
the region emitting millions of tons of greenhouse gases (GHGs) responsible for climate 
change [9]. GHGs are climate change agents that trap heat in the atmosphere [10]. The 
main GHGs are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and fluorinated 
gases [10]. GHGs interact with solar and terrestrial radiation and perturb the planetary 
energy balance, leading to changes in climate or a phenomenon referred to as “global 
warming” [10]. Globally, the precise location of release of long-lived GHGs, such as CO2, 
is of minor importance because of their long atmospheric lifetimes (>50 years) that lead to 
global mixing. Hence, the effects of climate change upon APNR are a result of net global 
emissions, not just those from the APNR region. However, it is worth highlighting that 
the APNR has some of the highest CO2 emitters per capita across the globe; Qatar, the 
UAE, Bahrain, Kuwait, and Saudi Arabia were in the top ten global emitters of CO2 per 
capita in 2016 [11]. Climate emissions are mainly generated from burning fossil fuels in 
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In the APNR, geography is highly significant with respect to climate change, air pollu-
tion and human health. The dusty and desert environment presents numerous challenges.
Dust storms play an important role in the distribution of pollutants by transferring particu-
late matter (PM) pollution from one region to another, both internal and external to national
boundaries [5]. Dust storms could attenuate or intensify the impacts of climate change in
the region, it remains unclear whether dust storms have a net cooling or warming effect
on the planet [6]. Health issues follow the trends of air pollution and climate change as a
natural consequence. Out of 3.45 million premature deaths related to fine particulate matter
pollution worldwide, approximately 12% (400,000 deaths) were related to air pollutants
emitted in a region of the world other than that in which the death occurred. In light of
the above, transboundary air pollution is one of most serious environmental challenges in
many regions around the world [7].

The APNR countries have been a dominant force in the global oil and gas sector since
the discovery of oil in the region, producing about 35% and 25% of the world’s natural gas
and crude oil, respectively. The discovery of fossil fuels led to exponential, unprecedented
economic and wealth growth in the region [3]. This economic prosperity was accompanied
by exponential growth in the population [8].

A hydrocarbon-fuelled economy, with increasing wealth and population, has led to
the region emitting millions of tons of greenhouse gases (GHGs) responsible for climate
change [9]. GHGs are climate change agents that trap heat in the atmosphere [10]. The
main GHGs are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and fluorinated
gases [10]. GHGs interact with solar and terrestrial radiation and perturb the planetary
energy balance, leading to changes in climate or a phenomenon referred to as “global
warming” [10]. Globally, the precise location of release of long-lived GHGs, such as CO2, is
of minor importance because of their long atmospheric lifetimes (>50 years) that lead to
global mixing. Hence, the effects of climate change upon APNR are a result of net global
emissions, not just those from the APNR region. However, it is worth highlighting that
the APNR has some of the highest CO2 emitters per capita across the globe; Qatar, the
UAE, Bahrain, Kuwait, and Saudi Arabia were in the top ten global emitters of CO2 per
capita in 2016 [11]. Climate emissions are mainly generated from burning fossil fuels in
the 113ation, industrial and electricity generation sectors, which are directly linked to the
development and economic growth of the APNR [12–14]. Most of the APNR countries
have shown their commitment to reducing GHG emissions through the Paris agreement
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by submitting their Nationally Determined Contributions (NDCs). The NDCs describe
their strategy and action plan to reduce emissions and adapt to climate change. Saudi
Arabia, Bahrain, Oman, Kuwait, Jordan and Qatar are among the countries that submitted
their first NDCs. The UAE is one of the few countries in the world to have submitted their
second NDC in 2020, while Iran and Yemen have not yet adopted the Paris agreement [15].

Air pollution is often associated with increased economic, agricultural and industrial
activities, which is also required for national growth and prosperity [13,14,16]. International
organizations such as the WHO (World Health Organization), CDC (Center of Disease Con-
trol and Prevention) and EPA (United States Environment Protection Agency) define major
air pollutants ultimately as a function of their impact on human health and environmentally
based criteria [17,18]. Accordingly, the main air pollutants are particulate matter (PM),
nitrogen dioxide (NO2), sulphur dioxide (SO2) and ground-level ozone (O3) [19]. Out of the
regulatory air pollutants, PM is found to have the greatest effect upon health [19]. Accord-
ingly, the main air pollutants are particulate matter (PM), nitrogen dioxide (NO2), sulphur
dioxide (SO2) and ground-level ozone (O3) [19]. Out of the regulatory air pollutants, PM
is found to have the greatest effect upon health [19]. PM is typically separated into two
regulatory sizes: PM10 and PM2.5, with PM10 and PM2.5 particles having diameters of less
than 10 and 2.5 µm, respectively. The health effects of PM2.5 tend to be more important
than the larger fraction of PM10. It would seem obvious that PM composition would be
important for health, yet composition-dependent PM metrics for ambient air quality are
not available due to the lack of suitable evidence for differential effects of composition
upon health. The particle matter distribution (PM2.5 to PM10 ratio) differs between desert
regions ranging from 20% to 60% and is an important consideration when looking into the
health impact of desert dust [20].

The combination of increasing air pollution and climate forcing presents a significant
challenge to human health in the region. An assessment of climate change and air pollu-
tion’s impacts on human health has become crucial for the region, as evidenced by the
growth of environmental health studies since 2010 [21–28].

The APNR exhibits a growing trend in climate change and air pollution research.
Figure 2a highlights the number of studies on climate change and air pollution annually
published on the region from 2010 to 2020. From a geographic perspective, regional studies
are more abundant than country-specific studies, yet there exist inconsistencies in research
abundance across the countries. The country-specific studies are highlighted in Figure 2b.
Saudi Arabia, the UAE, Qatar and Iraq are leading the region with respect to publications
on climate change and air pollution research.

This review focuses on surveying the academic and grey literature that relates to the
APNR in the three interrelated topics of climate change, air quality and human health. The
review specifically aims to answer the following questions:

• How is climate change impacting the weather patterns/conditions in the APNR?
• What are the linkages between climate change and air pollution in the APNR?
• What are the main air pollutants and their sources in the APNR?
• What are the main health risks related to climate change and air pollution in the APNR?
• How consistent is research output throughout the APNR countries?
• What are the research gaps for the climate, air pollution and human health nexus in

the APNR?

The following sections are organized as follows. Section 2 includes the scope and
literature review methodology. Section 3 discusses the results of the review, including
climate change in the APNR and extreme weather conditions observed in the region in the
recent decade, particularly extreme temperatures and dust storms. This is followed by a
detailed survey of health studies associated with climate change and air pollution in the
region. The last section provides a critical discussion of the literature and concludes the
review, providing an analysis of research gaps and recommendations for future research.
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Figure 2. Number of published studies per (a) year and (b) country on either climate change and/or
air pollution research in the APNR in the period 2010–2021. Iran’s research contribution was not
included in Figure 2b to avoid misrepresentation, since only the Southwestern region of Iran is
included in the study region of this review. AP refers to regional papers that are not country-specific.

2. Scope and Literature Review Methodology

This review assesses and synthesizes the literature to identify gaps in research and
to propose future opportunities [29] in the fields of climate change, air pollution and
health in the APNR. This narrative review uses an integrative review methodology [30].
The literature search was performed using multiple databases including Science Direct,
Nature and Google Scholar. Various combinations of keywords were used, including
climate change, AP, Persian/Arabian Gulf, health, air pollution, Gulf countries and the
names of all the countries in the APNR. A review period of 12 years (2010 to 2021) was
selected. To achieve an inclusive sample of recent literature, the review included reports
of quantitative and qualitative research, academic literature reviews, theoretical papers,
case study research, evaluation studies and recently published book chapters [30]. The
articles included for review were selected based on the relevance of the title to search and
typically contained at least a combination of two of the keywords mentioned above. The
resulting database of papers was reviewed multiple times to eliminate repetition and to
ensure relevance [30]. The APNR, similar to the rest of the world, was affected by the
COVID-19 pandemic, starting in 2020 and currently ongoing. The papers published in 2020
were related to research conducted prior to the pandemic, whereas most papers published
in 2021 were related to the COVID-19 impacts on the APNR, which are beyond the scope of
this review.

3. Results
3.1. Climate and Climate Change in APNR

The APNR is located in the subtropical high-pressure region, where the climate is
classified as arid, causing significant variations in temperature and humidity [31]. The
combination of high evaporation [32], low precipitation rate and a dusty environment
renders the complete ecosystem. Water resources and society are vulnerable to the detri-
mental impacts of climate change [33–40]. Many associated risks have been discussed in
the literature, in particular, risks in human development [41,42], crop production [43], food
and water security, and national stability and security [35,44–48].
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The climate in the APNR can be divided into two main seasons, with two transition
periods: summer season (June to September), fall transition (October to November), winter
season (December to March) and spring transition (April to May). During the transition
periods, the weather is usually unstable, with no well-defined weather patterns, and
tropical storms are common [49,50]. Ref. [5] reviewed the climatic conditions in six of the
APNR countries, describing the broad climatic spectrum that includes snow in Asir, Saudi
Arabia, to extreme heat in Rub Al Khali desert. The region exhibits the highest temperatures
over the Rub Al Khali desert area and the lowest temperatures in the north and within
the mountainous areas of the Southeast [51]. During the cold season (December, January
and February), the climate is impacted by cold weather episodes from the northeast due to
the Siberian high, the passage of the Mediterranean systems and the Shamal winds [50,52].
The Shamal wind (Arabian word for North) is the longest and most prominent wind,
transporting around 90 million tons of dust per year from the deserts of the Arabian
Peninsula, Iraq and Syria into the Gulf (Persian/Arabian) [53]. The winds occur in both
the summer and winter but reach their maximum activity in the summer between June
and July.

Within the APNR, extreme temperatures occur annually in the summer season,
sometimes exceeding maxima of 50 ◦C, with an average monthly temperature exceed-
ing 32 ◦C [50]. Due to such extreme temperatures, the region has become a target of
increased international climate research in the past decade [54]. Changes in seasonal wind
patterns were found to have a high impact on air quality with consequent impacts on
human health [20].

Several studies investigated the climatic changes in the APNR in the last few decades.
For example, [50] studied the regional climatology of the APNR over 30 years (1986–2015)
by analysing the basic climatological patterns and found the climate of the APNR is
characterized by significant spatial and temporal variations, due to its complex topography
and the large-scale atmospheric circulation. Ref. [52] investigated the impact of climate
change on sea surface temperature across the APNR over the past four decades, with a
prediction for the end of the 21st century. Their results showed that the highest warming
occurred during the summer seasons and the lowest warming during the winter and fall
seasons [52]. Refs. [55,56] studied climate change impacts on the Middle East and found
that the APNR might experience increased precipitation, contrary to the findings for the
rest of the Middle East region. The APNR region will also be subject to an increased number
of extreme temperature days such as the other Middle Eastern regions [55,56].

Figure 3a,b show the decadal changes in temperature and precipitation in the APNR.
The studied parameters are extracted from the database of the climate research unit at
the University of East Anglia in the UK, available at https://www.uea.ac.uk/groups-and-
centres/climatic-research-uni (accessed on 6 February 2023).

The ascending and descending trend in the average decadal temperature and precip-
itation, respectively, represent global warming and climate change in the region. It can
be seen that the APNR countries have experienced almost the same warming trend in the
recent century. However, Iran and Iraq faced a significant decrease in rainfall over the past
decade. Country-specific information on climate and climate change impacts is provided
in the subsections below.

3.1.1. United Arab Emirates (UAE)

The UAE is categorized into four bio-climatic regions: Abu Dhabi, Al Ain, Sharjah and
Dubai [57], which were attributed to their different climatic conditions and soil/vegetation
associations. Ref. [57] predicted negligible change to mean temperatures in the four bio-
climatic regions until 2030, except for the region of Dubai, where an increasing trend is
expected. However, the results of his study predicted increasing trends in maximum
temperatures in the northeastern emirates of Dubai and Sharjah and a higher occurrence
of extreme temperatures in the emirate of Abu Dhabi and Al Ain. Another study showed
that significant increasing trends were observed in extreme temperatures and rainfall pa-

https://www.uea.ac.uk/groups-and-centres/climatic-research-uni
https://www.uea.ac.uk/groups-and-centres/climatic-research-uni
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rameters in the northern and southern regions of the UAE except the Al Ain region [58].
Most of UAE’s major cities fall on the coastline. Therefore, the increasing trend in extreme
rainfall [59] places the UAE at an increased risk from flash floods, despite an overall reduc-
tion in precipitation and an increase in water deficits [60]. Flash floods are a phenomenon
common in arid regions that presents a potential hazard to life, and the social and economic
status of the country [58].
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3.1.2. Saudi Arabia

Saudi Arabia is the largest country in the APNR both in size and population.
Refs. [41,51] investigated the temperature variability over Saudi Arabia for the period
1978–2010 and its association with global climate indices. The results showed that tem-
perature variability was highest in winter and lowest in summer, with an indication of a
warming phase that started in the late 1990s in addition to lower precipitation rates [41,51].
Ref. [61] concluded that the Makkah region in Saudi Arabia is suffering from a consid-
erable warming temperature trend. Moreover, Ref. [62] investigated the trends in the
maximum and minimum temperatures observed in four different climatic zones of Saudi
Arabia. Despite finding a significant increase in annual temperature in all regions, the rise
in minimum temperatures was more significant than the rise in maximum temperature,
indicating a narrower temperature range and fewer cold days [62]. According to a recent
study analysing long-term temperature trends and maximum temperature events between
1979 and 2019, Saudi Arabia has experienced warming at a rate 50% higher than the rest of
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the Northern Hemisphere landmass, with the recent decade (2010–2019) being the warmest
on record [63]. A wide body of research has confirmed an upward warming trend in
maximum temperatures in Saudi Arabia in recent decades [64–68].

3.1.3. Western Coastal Regions of Iran and Southern Iraq Regions

The impacts of climate change have been observed in Iran over the last 50 years.
The main impacts are manifested in changes in sea level, increasing temperatures and
declining precipitation rates [45,69–72]. The annual mean temperature has significantly
increased by around 0.3 ◦C/decade throughout the whole country, while annual precipi-
tation has significantly decreased by −7 mm/decade [73]. The impacts of climate change
on water resources have been highlighted in several studies, indicating potential growing
water deficits [74–76]. With respect to the southern region of Iran (the area of interest in
this review), there has been growing evidence of increasing trends in temperatures and
evapotranspiration as an indication of a warming climate [77].

In Iraq, the consequences of climate change are manifested in changes in weather
patterns and rise in sea level [45]. Increased temperatures and reduced precipitation
trigger other environmental burdens including drought, desertification and sandstorms [45].
Climate change effects are particularly threatening to Iraq’s southern regions as rising sea
levels pose a threat to Iraq’s port and coastline and the southern part of the Tigris- Euphrates
delta [45].

3.1.4. Other Countries including Jordan, Oman, Kuwait, Qatar and Yemen

Ref. [78] simulated the future climate conditions in Jordan and predicted an increase
in annual mean temperature and a decrease in water availability in the Jordan River area.
Ref. [35] investigated the impact of climate change and land use change on water resources
and food security in Jordan. The results indicated an increased annual temperature and
decreased rainfall, exacerbating the problem of water scarcity and food insecurity. Ref. [38]
investigated the impact of climate change on water resources in the Mujib basin, central
Jordan, using different climate scenarios. In a recent study, Ref. [79] forecasted an increasing
temperature trend and decreasing precipitation trend in Jordan. The results show that the
increase in minimum temperature will exceed the increase in maximum temperature.

In Qatar, Ref. [80] examined the temperature trend for 30 years (1983–2012); the results
indicate a warming trend, an increase in the number of hot nights and days and a reduction
in the number of cool nights and days. Another finding, consistent with similar studies
in the region, is that minimum temperatures exhibited a higher rate of warming than
maximum temperatures [80].

In Oman, an earlier climate change study indicated a clear gap in knowledge and
requirement for future research to quantify and assess the impact of climate change in the
country [81]. Ref. [82] investigated current and future patterns of temperature and rainfall
and observed that Oman will experience increased minimum temperature and decreased
precipitation, as the highest impact of climate change. In a recent study, Ref. [83] shows
that the mean air temperature in Oman has been increasing at a rate of 0.039 ◦C per year
since 1980.

Currently climate change is also being witnessed in Kuwait, with projections for
rising maximum average summertime temperatures of 1–3 ◦C by 2050 [84]. Temperature
differences in Kuwait were observed between urban and non-urban areas due to heat island
effects [85]. Interestingly, daytime and night time variations in urban heat islands were
indicated, being cooling during the daytime and heating at night time [85].

3.2. Climate-Change-Related Extreme Weather Conditions

In this section, we review the corresponding literature that studied climate-change-
related extreme weather conditions in the APNR.
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3.2.1. Extreme Temperature

The reviewed literature frequently highlights that extreme temperature events (heat-
waves) are one of the most serious effects of climate change in the APNR. Heatwaves
significantly impact human morbidity, mortality and quality of life in the Middle East
and North Africa (MENA) region [86]. The Arabian desert, in particular, is expected to
be a climate change hotspot, increasingly exposing its residents to very extreme temper-
atures in the summers. Ref. [87] concludes that climate warming in the MENA region is
much stronger in summer than in winter, especially in the desert regions where summers
are already hot and dry. Climate change has led to the increased frequency of hot days
and nights, higher extreme temperature values, fewer cold days and shorter cold spell
durations [88].

3.2.2. Dust Storms

Dust storms throughout Saharan Africa, the Middle East and Asia are estimated to
place more than 200–5000 million tons of mineral dust into the Earth’s atmosphere each
year [89]. The APNR is one of the largest sources of desert dust in the Middle East and
is characterized by arid conditions and large beds of sand dunes [90]. The region is also
characterized by frequent synoptic pressure gradients [91] and strong Monsoon winds
during the spring and summer seasons (March–September). This leads to the formation of
dust storms [92–94], sometimes coupled with intensive rainfalls that are responsible for the
wet deposition of suspended dust over the region [90,95]. Dust storms cause significant
disturbances in the radiation-energy balance of the earth’s atmospheric system, causing
either atmospheric heating or cooling [6]. The construction of river dams amidst a warming
climate have further enhanced desertification in the APNR, especially in semi-arid and arid
regions that cover almost a third of the APNR [96].

Dust originating from these regions is dispersed across oceans and sometimes globally.
The mineral and chemical compositions in addition to the constituting biological agents
(e.g., fungi, bacteria and viruses) may have adverse effects on human health and quality of
life [97,98]. Ref. [99] found that PM2.5 in desert dust has a lower oxidative potential and
is less harmful to health than that produced by combustion. This might be particularly
important for congested, industrially active, desert regions such as many countries of
the APNR.

In the APNR, Shamal events occur throughout the year and have substantial effects
upon society, the economy, transportation and the natural environment [49,100,101]. Several
studies focus on Shamal events and its effect on various meteorological parameters and
its relation to climate change. Ref. [49] found that Shamal events, although not always a
direct cause of dust storms, were directly correlated with dust storms. They were found
to cause abrupt changes in meteorological parameters such as increasing wind speeds,
increasing temperatures during summer and decreasing temperatures during winter, and
reducing humidity.

Other regional studies have attempted to quantify the radiative effects of dust in
the APNR by investigating the relationships between dust Aerosol Optical Depth (AOD)
and meteorological parameters such as precipitation, temperature, pressure and wind
speed [91,102,103]. Their results indicate that dust event formation is better related to
precipitation in the late cold season and early warm season (March and April), while
temperature is related more to AOD in the late warm season (August and September) [91].
Ref. [103] investigated the impact of dust storms on radiation fluxes and climate character-
istics within the APNR region. They found that the main dust sources are the river valleys
of the lower Tigris and Euphrates in Iraq; areas from Kuwait, Iran and the UAE; and the
basin of the Arabian desert (which includes the Rub’ al Khali, An Nafud and Ad Dahna).
Dust sources were also identified along the western coast of the APNR. Their empirical
findings show a negative correlation between dust formation over high dust concentration
regions and surface temperature. This might indicate a cooling meteorological response
to dust radiative forcing. Similar studies conducted in the region also observed the dust
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aerosol cooling effect [104,105]. Ref. [6] highlighted the significant impact of dust and dust
events on visibility. Visibility can be used as a proxy for air pollution but is also important
for health, safety and the economy; lowered visibility increases the likelihood of vehicle
accidents [106]. However, no significant trend in long-term visibility was observed in Saudi
Arabia [107].

Changes in dust characteristics over the past few decades could constitute a possible
indicator of climate change in the region [90]. In the UAE, Ref. [92] investigated the long-
term natural and anthropogenic aerosol characteristics for 2006–2015 and found an increase
of 4.32% in AOD in recent years. This was attributed to increasing the activity of the
anthropogenic emission sources. Some studies have modelled the radiative effects and
formation patterns of dust in the region with a primary focus on the contribution of natural
dust and rarely mention the impact of anthropogenic dust [104,108–110]. Increased dust
under anthropogenic climate change conditions in the APNR leads to a consideration of
what proportion of dust can be natural or anthropogenic. As evident from the literature,
a proper contribution of anthropogenic activities to APNR dust emissions has not been
sufficiently determined, mainly due to the lack of proper dust characterization [98]. On a
global scale, Ref. [111] estimates that anthropogenic dust accounts for 25% of global dust
emissions. Ref. [100] highlights that dust forecasting in the APNR is still a challenging
aspect of research and requires further investigation.

3.3. Air Pollution and Climate Change Interactions

In a review of air pollution in MENA, Ref. [112] categorized air emissions into health-
related and climate-related emissions. Particulate matter and gaseous pollutants were
identified as the major pollutants causing detrimental health effects in the whole Middle
East and North African regions [112]. Specifically for the APNR, NO2, SO2 and CO2 have
received considerable attention during recent decades due to unprecedented economic
growth and infrastructure development [5]. Other pollution sources in MENA include
desalination plants, the energy sector and cement production. Overall, the situation is no
different in general in the APNR, except for the additional presence of sandstorms that
facilitate pollution and fine particle transport [99]. Air pollution might be exacerbated in
some rich, oil-producing countries as a result of excessive use of governmentally subsidized
energy, major infrastructure projects, fossil fuel burning, water desalination and heavy
traffic [113].

Climate and air quality are intricately connected, whereby many sources of air pollu-
tants are also sources of CO2, other GHGs and/or short-lived climate forcers (SLCFs) [114].
A schematic picture of the likely interactions between the air pollutants and climate forcers
is represented in Figure 3. The interaction of climate change with air pollution in a desert
environment is represented in Figure 4. Climate is expected to degrade air quality in many
regions by changing air pollution meteorology (dilution and ventilation) and precipitation
and by triggering amplifying responses in atmospheric chemistry [115]. This will mainly
impact the shape distribution and extreme episodes of tropospheric O3 and fine particulate
matter, which are influenced by changes in precipitation and ventilation due to changes in
weather patterns. Additionally, climate change influences air pollution by altering the fre-
quency, severity, and duration of heatwaves, air stagnation events, and other meteorology
conducive to the accumulation of heatwaves [116]. A recent literature review in 2020, by
Gallagher and Holloway, presented evidence that GHG reduction has synergistic benefits
of decreasing air pollution and protecting public health [117]. They note that “compared to
other aspects of climate and energy policy evaluation, however, there are still relatively few
of these co-benefits analyses”. This is particularly important in the APNR due to the strong
links between climate change, desert dust and air pollution.
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3.4. Health Impact of Desert Dust, Air Pollution and Climate Change
3.4.1. Health Impact of Air Pollution and Desert Dust

The WHO states that “From smog hanging over cities to smoke inside the home, air
pollution poses a major threat to health and climate across the globe.” [118]. Air pollution
accounts for an estimated 7 million premature deaths per year, with 4 million attributed
to indoor air pollution. Air pollution has been classified as a leading cause of death and
disability worldwide due to heart disease, stroke, COPD, cancer and pneumonia [118].
Evidence regarding the linkage between air pollution to a specific diseases, such as car-
diovascular, respiratory diseases and cancers has been produced at the national, regional,
and global levels [119–123]. In addition to its effects upon physical health, recently, short-
term exposure to air pollution has been linked to short-term cognitive decline [124] and
longer-term neurodegenerative diseases [125].

Desert dust causes respiratory diseases, cardiovascular diseases, cardiopulmonary
diseases and mental health issues. Indirectly, it can cause injuries and, in many cases, death
from transport accidents related to poor visibility [97,126]. Many studies worldwide looked
into the health-related impacts of anthropogenically generated PM, while little research
considered the health impact of naturally generated desert dust PM [127]. Similarly, in
the APNR, research related to the health effects of desert dust is scarce. In addition to
serious illness, sandstorm episodes can also lead to general discomfort and irritation and
are correlated with coughs, runny nose, eye irritation, headache and sleep apnoea, as
indicated by a study conducted in Saudi Arabia [23].

Some of the major cities in the APNR are listed among the world’s worst with respect
to PM10 concentrations. The average daily concentration could reach up to 280 ug/m3 in
the APNR [126]. Riyadh in Saudi Arabia is ranked 7th and Bahrain is ranked 11th in terms
of the highest PM10 concentrations [128]. Moreover, the level of PM10 was more than 5 to 6
folds higher than the WHO limits in Kuwait, while the level could reach 10 fold higher in
the UAE [129]. Saudi Arabia and Qatar also exceed the WHO recommendations in their
reported PM10 concentrations [129]. It is noted that the WHO air-quality recommendations
became more stringent in 2021, so exceedances of the WHO recommendations will likely
now be more common. Western areas in Iran show significant exposure to dust-related air
pollutants, particularly PM10 during middle eastern dust events from the Arabian Peninsula,
Jordan, Iraq, Syria, and Kuwait, leading to an excess of hospital admissions for Chronic
Obstructive Pulmonary Disease (COPD) and an excess of respiratory mortality [28,130].
Within Kuwait, the correlation between the occurrence of respiratory and cardiovascular
diseases and dust storms indicated that PM10 concentrations were significantly correlated
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with bronchial asthma, acute lower respiratory tract infection and acute upper respiratory
tract infection with correlation coefficient (r) values of 0.292, 0.737 and 0.839, respectively.
Moreover, PM10-associated respiratory and cardiovascular mortality rates were 0.62 per
10,000 persons [131]. Ref. [131] provides good evidence of the consistent relationship
between dust storm events, PM10 concentration levels and respiratory diseases.

Within the APNR region, PM pollution is a serious environmental and health concern,
mainly due to the desert environment but also due to the elevated PM2.5 generated from
anthropogenic sources. The Arab Forum for Environment and Development 2017 report
indicated that the UAE has one the world’s highest levels of pollution with regard to fine
particulate matter (PM2.5) [12]. In Kuwait, elevated levels of PM2.5 particularly during rush
hours, weekends and summer were associated with high excess premature mortality for
ischemic heart diseases and stroke [132]. Air pollution ranks 8 out of 19 in ‘leading risks’ to
health in Saudi Arabia [133].

Poor air quality has been linked to an increased risk of mortality in the UAE [134],
Kuwait [135] and Iran [136]. Ref. [136] found that elevated PM10 and SO2 increased total
and cardiovascular mortality, hospital admissions due to respiratory and cardiovascular
diseases, COPD and acute myocardial infarction. Outdoor air pollution is the leading
source of environmental-linked mortality in the UAE, followed by indoor air pollution
and occupational exposures [134]. Ref. [137] investigated the impact of air pollution on
adolescents between the ages of 13 and 20 years from nine different regions within the
UAE. Their results revealed that geographical regions and proximity to industrial areas can
be predictors of asthma [137]. Another epidemiology study in the UAE indicated that at
least 13% of children, particularly those of Emirati descent, in the UAE suffer from asthma,
with the main causes attributed to indoor and outdoor environmental factors [138]. The
location of the residence, the concentration of outdoor pollution and indoor ventilation all
impact indoor pollution, with outdoor pollutants infiltrating into indoor spaces. Significant
positive associations between household SO2 and hydrogen sulphide (H2S) concentrations
and doctor-diagnosed asthma were identified [139]. An Iran-based study revealed a
positive association between elevated pollution levels and abortion, premature delivery
and stillbirth [140].

3.4.2. Health Impacts of Climate Change

As highlighted in the Lancet Countdown report, “changing climate has already pro-
duced considerable shifts in the underlying social and environmental determinants of
health at the global level” [141]. The most affected areas are clean air (as discussed in the
previous section), safe drinking water, sufficient food and secure shelter [142]. With respect
to human symptoms of climate change, 2020 indicators presented the “most worrying
outlook” since the Lancet Countdown was first published [141]. The WHO predicted a
devastating 250,000 additional climate-change-related deaths per year, between 2030 and
2050, from extreme heat, vector-borne and water-borne diseases, and natural disasters.
Vulnerable populations will be the most impacted, which is reflected in rising morbidity
and mortality rates: 53.7% increase in heat-related mortality in people older than 65 years
in the last 20 years [141]. This also includes people living in coastal areas and megacities.

Climate Change has been referred to as a “game changer” in the APNR, for which
Ref. [44] argues that the health sector warrants emergency health preparedness in response
to the threat. Within the APNR, the threat to human health is consistently related to
heat stress from elevated extreme temperature [86], reduction in air quality, increase in
vector-borne and water-borne diseases, and increase in natural disasters associated with
climatological hazards [42,143]. Climate change can also lead to increased humidity, which
increases the potential for heat stress by reducing the body’s ability to perspire [24].

Our review highlights the variable health impacts of climate change in APNR countries.
In the UAE, for example, climate change is found to impact people in urban areas more
than in rural areas. This is attributed to the heat island effect that exacerbates ground
ozone pollution and worsens air quality [144]. Indirectly, climate change is also expected to
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increase vector-borne diseases and generally increase the spread of infectious diseases [144].
Increases in mortality and morbidity due to heat stress are also found to especially impact
coastal areas within the APNR region and vulnerable groups, particularly people aged
above 65 years old [86,145]. Ref. [146] examines the social vulnerabilities of populations
living in the coastal area of the APNR and predicts future drought severities due to reduced
rainfall and flood caused by climate-change-based rising sea levels. Other factors such
as political instability in certain states of the APNR can also impact social vulnerability
and hence magnify the effects of climate change and air pollution upon health. It has been
suggested that climate change has exacerbated the crisis of the health sector of politically
unstable Yemen by increasing susceptibility to vector-borne disease, increasing heat stress
and impacting water supply by reducing levels of rainfall [147].

Studying the past, present and future social vulnerabilities of communities is critical
to comprehend how exposure, sensitivity and adaptive capacities have evolved over time,
which might be useful to enhance the opportunity for future mitigative and climate change
resilient capacities [146].

3.4.3. Combined Health Impacts of Air Pollution and Climate Change

Studies that analyse the synergistic impact of air quality and climate change are
not as abundant as studies that segregate the individual impacts. However, a number
of international studies have emphasized the importance of analysing the interactions
between climate change and air pollution synergistically to assess their impact upon
human health [115,120,148–150]. Table 1 shows a summary of the health impacts of air
pollution and climate change, as well as their combined health impact.

Table 1. Summary of the health impacts of air pollution, climate change and their combined health
impacts; see for example Refs. [42,86,115,120].

Environmental Condition Health Impact

Air Pollution and desert dust

Respiratory illness (including asthma, COPD and lung
cancers). Cardiovascular disease (including heart disease

and stroke). Mental and cognitive health issues and
cognitive decline. Maternal health (including premature

delivery and stillbirth).

Climate Change Heat-stress and heat-related mortality. Increase spread of
infectious disease, including vector-borne diseases.

Combined Exacerbation of respiratory and cardiovascular disease.

From the human health perspective, the frequency and amplitude of dust activity
is a very important factor and is found to depend on three main factors: anthropogenic
modification of desert surfaces, natural climatic variability (e.g., in the El Niño Southern
Oscillation or the North Atlantic Oscillation), and changes in climate brought about by
global warming [20]. As such, it is critical to study the impact of climate change on the
frequency of dust activity in the region to realize actual harm to human health.

The current environmental burden of disease from climate change is considered low
risk in several countries in the region [133,134,151], notably compared to the high health
risk involved with outdoor and indoor pollution, towards which most of the research is
being diverted. Based on the search criteria for this review, only one study conducted
in Qatar was found in the region and considers the combined health impact of climate
change and air pollution. Similar to other countries in the region, Qatar faces a rising risk of
health-related problems due to poor air quality stemming from natural and anthropogenic
sources [24]. Ref. [24] discussed the impact of changing weather patterns that emerged
from climate change on air pollution and consequently human health in Qatar. The results
of the study highlighted the association of increased temperature to rising ground-level
ozone and particulate matter concentrations, which are associated with cardiovascular and
respiratory diseases.
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This review of environmental health studies in these regions indicates a scarcity
of epidemiological research that investigates the combined impact of air pollution and
climate change. Air pollution impacts on health have been studied more rigorously due
to its direct impact on human health. At the international level, researchers, scientists,
medical professionals and politicians have started to become increasingly interested in the
combined impact of climate change and air pollution on health [117,120,122,123,152–155].
Understanding the interaction of climate change and air pollution and their synergistic
impacts on human health is vital for effective mitigation and adaptation strategies, raising
awareness and effective policy implementation.

4. Discussion, Gap Analysis and Conclusions

For thousands of years, the people in the APNR have been exposed to changes in
meteorology and the challenges of climate variability. These challenges have been over-
come by adapting their survival strategies [156]. In current decades, temperatures are
reaching ever higher and are expected to continue to rise for the foreseeable future, thus
bringing new challenges. This review aims to answer six questions, stated earlier in the
Introduction section.

In response to the first question, climate change and air pollution are already impact-
ing daily lives in the APNR. Climate change is causing increased mean, minimum and
maximum temperatures; higher frequencies of extreme temperature episodes; reduced
precipitation; and rising sea levels. Global climate actions and policies need to be rapidly
put in place to reduce the extent of extreme warming in the APNR. The strong linkage
between climate change and air pollution is highlighted through numerous studies in the
region (question 3). The impact of climate change upon meteorology can also impact air
pollutant concentrations. This is of particular importance for the APNR, as it can affect
dust storm activity, make dust storm events more extreme and affect their frequency and
duration. The effect of dust storms upon the local climate, via reflection of incoming solar
radiation and other mechanisms, is currently under research in the region and requires
further research. Further research is also required on the characterization of APNR dust
to distinguish between natural and anthropogenic dust and their relevant impacts upon
climate and human health (question 6).

In response to the fourth question, the review shows that climate change and air
pollution are impacting human health in the region. Human health, specifically respiratory
and cardiovascular health, has also been impacted by rising levels of pollution and extreme
dust events. There have been significant investments in health care infrastructure by many
of the APNR governments in the past 25 years; nevertheless, the region is faced with a
large disease burden that includes communicable and non-communicable diseases (NCDs),
mental health issues and accidental injuries [157]. Over the next century, the expected
increases in population, urbanization and economic development within the APNR have
the potential to increase air pollution emissions. The potentially increasing impacts of
climate change and air pollution will further add to the burden of NCDs within the APNR.

This review highlights the scarcity of comprehensive, quantitative and analytical
studies that investigate the synergistic health impacts of climate change and pollution. This
can be considered one of the main limitations of previous studies. Environmental health
studies in the region focus on the health impacts of air pollution, mainly from NO2, O3
and anthropogenic PM [56,135,136,158–160]. Despite some mention in the literature of
the impact of climate change on rising sea levels and potential floods, climate change is
rarely perceived as a direct threat to human health. Climate change is primarily viewed
as a climatic phenomenon that might have a significant impact on the ecosystem, water
availability and liveability due to increased episodes of heatwaves during the summer and
alterations in rainfall patterns [40,161–163].

The academic reporting on the impacts of air pollution and climate change on health
in the APNR has grown significantly over the past decade. Despite this overall increase,
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this review shows that research strength and depth are not consistent across the region,
leading to potential imbalances in knowledge (question 5).

Worldwide, the publication of original research on health and climate change has
increased by a factor of eight from 2007 to 2019 [141]. This academic research is crucial in
raising awareness. The 2017 Report of the Arab Forum for Environment and Development
revealed a clear deficiency in the APNR region in the impact of environmental research
on policy implementation. The report explains that, to enhance environmental research
to an impactful and effective degree, there needs to be enabling conditions, stimulating
work environments and potential links to policy. Some suggested improvements include
enhancing the research budget allocation; creating centres of excellence; improving publica-
tion mechanisms for research institutions; and strengthening research collaboration among
countries in the region and with other centres worldwide, particularly in the area of climate
change and policy [12].
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