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“The world has a narrow window to 
alter the current climate trajectory 
and navigate towards a more 
sustainable future. To miss this 
opportunity risks delivering a future 
that is less safe and prosperous 
than our past.”
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A 3-Degrees 
Warmer World

Saudi Arabia, a country characterized by its vast deserts, unique geographi-
cal features, and rich cultural heritage, stands at the precipice of a transfor-
mative challenge: adapting to the impacts of a rapidly changing climate. As 
global temperatures continue to rise due to the accumulation of greenhouse 
gasses in the atmosphere, Saudi Arabia is projected to experience more rap-
id changes in its climate patterns compared to other regions. This will not 
only intensify climate-related risks across the country, but also profoundly im-
pact biodiversity, freshwater resources, agricultural productivity, industry and 
economy, and the health and wellbeing of its people.

Prof. Matthew F. McCabe
Climate and Livability Initiative, Biological and Environmental Sciences and 
Engineering (BESE), King Abdullah University of Science and Technology 
(KAUST), Saudi Arabia

Executive Summary
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What future might we face in a 3°C warmer world? 

While expectations of rising temperatures and sea levels are a certain out-
come of increasing greenhouse gas emissions, other aspects come with less 
certainty. What is well accepted is that for each degree of global warming, the 
corresponding increase in regional temperatures is significantly more pro-
nounced for the Arabian Peninsula, which has already warmed at a rate 50% 
higher than other landmasses in the northern hemisphere. In short, Saudi 
Arabia can expect to see an amplification in climate response across many 
factors, relative to other parts of the world. Similarly, while greenhouse gas 
emissions continue to rise unabated, climate change will deliver an associ-
ated cost.

National security dictates that every country seeks to map out the unique risks 
and challenges that climate change will impose on their society and econo-
my. As such, the case for planning and preparation is strong. In the context of 
Vision 2030 and the many ambitious giga-project initiatives that span tour-
ism, entertainment, ecosystem restoration and urban redevelopment and 
renewal, there is an underlying climate fingerprint that has the potential to 
influence the viability and success of these nation-building efforts. An unstat-
ed feature of the Kingdom’s ambitious efforts towards delivering sustainable 
growth, driven by substantial investments in these giga-projects, is that they 
will depend to a large degree on the preservation, protection and restoration 
of its vital and unique natural ecosystems. 

As will be discussed in the following Chapters, Saudi Arabia is already wit-
nessing the impacts of climate change within its local and regional environ-
ments. The Kingdom’s marine systems, hosting some of the most diverse 
and rich aquatic ecosystems seen around the world, are straining under the 
compound effects of climate change and anthropogenic pressures. While 
coral bleaching and die-off, together with a rise in species under threat due to 
overfishing are obvious indicators, the effects ripple across diverse habitats 
and species. Similar responses can be seen across terrestrial ecosystems, 
with increasingly degraded environments suffering the burden of pollution 
and overexploitation of resources. Periods of extreme temperatures, along 
with shifts in rainfall patterns, are driving desertification trends here and 
elsewhere. The consequent effects on vegetation and wildlife, which already 
struggle under a harsh arid climate, may prove to be irreversible. 

Humanity relies on Earth’s natural ecosystems to provide essential services 
that ensure our survival: the provision of freshwater and stable food supplies 
foremost amongst these. Yet their viability is increasingly threatened by cli-
mate change and anthropogenic factors. Extreme heat directly affects crop 
yields, while variable rainfall patterns disrupt the security of water resources. 
With groundwater resources being rapidly depleted due to local food produc-
tion, and overuse degrading the quality of our soils, Saudi Arabia increasingly 
relies on the importation of food, which brings its own climate and geopo-
litical risks. Even the Kingdom’s position as the world’s largest producer of 
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desalinated water does not insulate against the challenge of water availabil-
ity. While desalination capacity is sufficient to supply potable water needs, it 
brings a significant economic, energy and environmental burden. 

While the natural system is obviously and evidently struggling, our man-made 
environments are similarly imperiled. As one of the most urbanized regions in 
the world, the basic operation and function of human cities and settlements 
is increasingly at risk. Existing vulnerabilities to sea level rise, together with in-
creased storm frequency and floods, pose significant and escalating threats 
to coastal cities and infrastructure. Rising temperatures, combined with the 
energy intensive processes we rely upon to survive the inhospitable condi-
tions of the region, have created a positive feedback cycle, where the insatia-
ble energy appetite of modern cities drives further pollution and greenhouse 
gas emissions: amplifying the very conditions we seek to safeguard against. 
It is a cycle that will only be broken through a deliberate shift to a more sus-
tainable lifestyle, and driven by an aggressive decarbonization strategy. 

With the health of both our natural and urban ecosystems under threat, we 
are also seeing the direct and indirect impacts of climate change on human 
health. Heat waves and periods of high humidity are projected to increase 
in frequency, straining the fundamental biological functions that regulate the 
human body. A concerning increase in heat-related stress and death has 
been observed in recent heat-wave events around the world, while the health 
risks associated with extreme temperatures are well documented, exacer-
bating existing conditions including cardiovascular and respiratory diseases, 
diabetes, kidney issues, and mental health concerns. The health risks asso-
ciated with poor air quality driven by both climate and anthropogenic factors, 
are similarly concerning, as are the challenges associated with vector-borne 
and other diseases that risk being enhanced under future climate scenarios. 

Ongoing climate change is global in nature, and will therefore require a global 
solution. In the modern world, no country operates in isolation from anoth-
er. Climate-driven events occurring outside the borders of Saudi Arabia have 
consequences that are felt within. Put simply, local climate-related events will 
not respect national borders, and have the potential to spill over into larger 
regional and global crises. 

Yet there is still an inherent local and regional context to expected impacts. 
Importantly, not all countries will experience the same climate outcomes, ei-
ther in degree, magnitude or extent. And while a nation’s ability to respond to 
the climate challenge may be measured in their level of preparedness, there 
is also an undeniable economic lever that may drive further inequality: espe-
cially to those that cannot afford to adapt. 

In this report we forecast some of the potential consequences arising from 
a climate trajectory that might deliver a 3°C warmer world by the end of the 
century. By exploring the likely impacts and outcomes of such a climate sce-
nario, we seek to encourage informed decision-making processes, drive the 
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adoption of adaptive and climate resilient strategies, and facilitate needed 
efforts in sustainable development—all of which can be used to help avert the 
looming climate-related challenges described herein.

Another goal of the report is to provoke discussion around how to avoid some 
of the potential climate outcomes that such a future might impose. The em-
phasis on potential is important. While certain changes are expected and 
likely “locked-in”, the degree and magnitude of these depends strongly on 
the actions and decisions made today. Choosing a path of no action, or rely-
ing solely on a capacity to adapt or mitigate the climate challenge away, is not 
an effective strategy. In many ways, Saudi Arabia’s environmental parameters 
are already at the verge of livability. An emergent and unmitigated climate cri-
sis will have profound implications on the future viability of a sustainable and 
healthy society, and will likely manifest an existential crisis to Saudi Arabia.

Forecasting the future is inherently uncertain, and uncertainty will always ex-
ist. However, that does not preclude the need for direct and targeted action, 
particularly when the risks and costs of inaction can have such major conse-
quences. The world has a narrow window to alter the current climate trajec-
tory and navigate towards a more sustainable future. To miss this opportunity 
risks delivering a future that is less safe and prosperous than our past. 
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“Characterizing the cross-sectoral 
impacts of climate change 
provides a scientific basis to 
guide policy, support decision-
making, inform the development 
of adaptation pathways, enhance 
climate resilience, and facilitate 
sustainable development in 
the face of climate change 
challenges.”
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A Global and  
Local Context

Princess Mashael AlShalan
AEON Collective, Saudi Arabia

Dr. Mohamad Hejazi
Climate and Sustainability Program, King Abdullah Petroleum Studies and 
Research Center (KAPSARC), Saudi Arabia

Chapter 01

Over the last decade, average annual global greenhouse gas emissions were 
at their highest levels in human history[1]. While the growth rate has slowed, 
the global emission trajectory is nowhere near the deep and rapid emission 
reductions that are necessary to keep the 2015 Paris Agreement alive. The 
sobering reality is that the world’s greenhouse emissions are still on the rise, 
and even after decades of climate diplomacy and mitigation efforts, including 
27 Conference of the Parties (COP) annual meetings, global greenhouse gas 
emissions are yet to take the meaningful downturn needed to achieve carbon 
neutrality and the goals of the Paris Agreement.
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International Targets

The Paris Agreement aims to keep global temperature increases well be-
low 2°C and pursue efforts to limit the temperature increase to 1.5°C above 
pre-industrial levels. Individual country climate ambitions, as expressed 
through their nationally determined contributions (NDCs), vary in their align-
ment with a 2°C world. While many countries have set targets in line with the 
agreement’s goals, the overall level of ambition falls well short of what is re-
quired to meet a 2°C target.

For example, the United Nations Framework Convention on Climate Change 
(UNFCCC) estimates that current commitments will increase emissions by 
10.6% by 2030 compared to 2010 levels, and that current NDCs may only 
limit global temperature rise to around 2.7 to 3.2 degrees by the end of the 
century[2]. However, there are other estimates that show that if all countries 
achieve their stated climate ambition, whether under their NDCs or through 
stated Net-Zero ambitions, the sub-2°C target can be achieved[3, 4, 5].

Here, it is important to acknowledge and distinguish between climate policies 
that are enacted and enshrined into law, versus publicly announced pledges 
and targets: especially since many of the latter lack sufficient details to sup-
port the chance of achieving them. When excluding such announcements, 
the warming level rises significantly and the likelihood of exceeding the 2°C  
threshold increases, making a 3°C world a plausible outcome.

Another important consideration is the recognition that there will be differ-
ences between what is experienced on average at the global scale, compared 
to what might be realized at the local and regional scale. That is, even under a 
2°C warmer world, there will be variations around the average response, with 
the Middle East expecting to see amplified warming relative to other regions.

Given this context, this report will present a broad perspective on the impli-
cations of a 3°C warmer world, highlighting how this scenario may challenge 
different aspects of the natural, social, and economic landscapes over the 
Kingdom of Saudi Arabia.

Anticipated Climate Impacts 

The 6th Assessment Report (AR6) of the Intergovernmental Panel on Climate 
Change (IPCC) states the world has already warmed by an average of 1.1 de-
grees Celsius since the pre-industrial era (1850-1900), leading to widespread 
impacts on ecosystems and human societies[6]. Saudi Arabia has also experi-
enced an increase in average temperatures, which has led to higher summer 
temperatures and more frequent and intense heat waves over the past four 
decades (see Chapter 2).

Climate Futures Report
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With global temperatures on the rise, the frequency of severe heat waves, 
heavy rainfall events, droughts and floods, combined with increases in ocean 
warming, acidification, and sea-level rise, are all expected to impact Earth’s 
terrestrial and marine systems. The fingerprints of climate change have al-
ready been implicated in catastrophic climate extreme events around the 
globe. Of particular concern is that the Middle East has been identified as a 
hotspot for future temperature changes due to its arid environmental condi-
tions[7, 8].

As with many regions around the world, climate change is projected to have 
cross-sectoral impacts throughout Saudi Arabia that will be manifested 
through a variety of ways:

Increased temperatures
Saudi Arabia experiences hotter than average temperatures, and cli-
mate change is expected to exacerbate this. Rising temperatures could 
lead to heat-related health issues, reduced agricultural productivity, and 
increased electricity demand for cooling, with many other cross-sec-
toral implications.

Water scarcity
Saudi Arabia is a water-scarce country, and climate change is predicted 
to put further strain on water availability. When combined with expect-
ed increases in evaporative demand, any decrease in rainfall (or even 
changes in its distribution), could lead to reduced water resources, 

Climate Futures Report

Farms in Al-Hofuf, Saudi Arabia
Image via Google Erath
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affecting agricultural production and domestic supply, as well as in-
creased competition for water amongst different sectors.

Sea-level rise
Saudi Arabia has a long coastline along the Red Sea and the Arabian 
Gulf. Rising sea levels due to climate change could increase the risk 
of coastal flooding, shoreline erosion, infrastructure damage via storm 
surges, and saltwater intrusion into coastal aquifers.

Coral bleaching
The Red Sea, integral to Saudi Arabia’s marine ecosystem, is suscepti-
ble to coral bleaching, a direct impact of warming ocean temperatures 
resulting from climate change. Notably, the 3rd global coral bleaching 
event that occurred between 2014-2017 affected numerous reefs, includ-
ing those in the Red Sea. High temperatures led to significant bleaching, 
particularly to inshore reefs. Such events can lead to decreased species 
richness, crucial for a healthy coral reef. The long-term effects remain un-
certain, with 2023’s El Niño expected to deliver further damage.

Impact on ecosystems
Climate change may affect Saudi Arabia’s unique marine and terrestrial 
ecosystems. Changes in temperature and rainfall patterns can lead to 
shifts in vegetation, disruption of migratory patterns of wildlife, and in-
creased risk of desertification.

Impact on energy demand
Saudi Arabia is a major producer, consumer, and exporter of oil. Com-
bined with projected population growth, climate change will affect ener-
gy demand patterns globally, impacting Saudi Arabia’s exports, internal 
energy usage, and economy. 

To address these and many other climate related impacts, Saudi Arabia is 
taking steps to mitigate climate change by diversifying its economy, invest-
ing in renewable energy sources, promoting water conservation, and partic-
ipating in international climate dialogs and agreements. A key motivation for 
this report is to understand how climate change under a 3-degrees warming 
world will deliver multi-dimensional impacts with cross-sectoral repercus-
sions throughout the nation. 	

Cascading Risks

Characterizing the cross-sectoral impacts of climate change provides a 
scientific basis to guide policy, support decision-making, inform the devel-
opment of adaptation pathways, enhance climate resilience, and facilitate 
sustainable development in the face of climate challenges. However, climate 
impacts do not exist in isolation from each other, nor from other non-climatic 

Coral Bleaching,
September 2021–September 2023, 
Photos by Morgan Bennett-Smith
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forces and stressors. As such, it is important to understand the interplay and 
interdependencies that exist across sectors and even geographic boundar-
ies (i.e. impacts that happen outside the borders of Saudi Arabia, but have 
consequences that are felt within), and the importance of human and natural 
systems to adapt and be resilient to both internal and external disruptions.

Several examples illustrate the cascading risks in the context of Saudi Arabia:

Climate Impacts on Hajj and Disease Spread
The Hajj pilgrimage, a cornerstone of Islamic faith, faces potential chal-
lenges due to climate change. These challenges are not only limited to 
projected temperature increases in Makkah, the focal point of Hajj, but 
also include the risk of climate-induced diseases. The likelihood of sig-
nificant humid heatwaves poses a particular risk to both the young and 
elderly. Moreover, the geographical range of disease vectors, such as 
Aedes aegypti, may expand due to global climate change, increasing 
the risk of communicable diseases. This could have a cascading effect 
on public health and safety during Hajj.

Coral Bleaching and Impact on Fisheries
The Red Sea, home to vibrant coral reefs and diverse marine life, is not 
immune to the devastating impacts of coral bleaching, one of the most 
immediate impacts of climate change on marine ecosystems. The “3rd 
global coral bleaching event” between 2014-2017 impacted reefs in ev-
ery major ocean, including the Red Sea. The potential long-term chang-
es in these coral reef communities remain to be seen, but the loss of 
biodiversity could have significant implications for marine life and the 
communities that rely upon these ecosystems.

Terrestrial and Marine Ecosystems
Global warming is causing a cascading effect on both terrestrial and 
marine ecosystems, disrupting the balance of life on the land and in 
our oceans, and threatening the livelihoods of communities dependent 
upon these ecosystems. The loss of these ecosystems, some of which 
are globally unique, could have cascading effects on biodiversity, im-
pacting fisheries and other marine life that rely on these ecosystems, as 
well as the flora and fauna inhabiting niches extending from the shore-
line into the deep desert. Such changes are particularly concerning 
in the context of global overfishing and ocean pollution, which further 
stress marine ecosystems and could lead to food security issues[9], as 
does the overexploitation of freshwater aquifers that drive international 
food production[10].

Food Supply Chain Vulnerability and Economic Stability
The GCC, including Saudi Arabia, relies heavily on food imports. Future 
climate and demographic changes could affect world food supply from 
traditional trading partners, potentially leading to decreased local yields 
and increased world market prices. This could result in moderate re-
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Cascading effect in the context of Saudi Arabia.

ductions in per capita consumption of all food commodities and a sig-
nificant increase in imports of cereals, fruits, vegetables, oilseeds, and 
meat. Such changes could threaten food security and social stability. 
Global climate change is causing a cascading effect on food security 
and agricultural production, potentially leading to social unrest and in-
creased migration. These challenges could further impact the economy 
and social stability[11, 12].

Displacement and Regional Stability
Climate change, conflicts, and displacement are intricately linked. The 
state of “uncertainty” when exploring the direct relationship between 
these factors underscores the need to monitor and examine the com-
plicated links between them. Climate changes in both the Arab world 
and neighboring regions could lead to waves of displacement and mi-
gration to wealthier Gulf countries, creating external pressures. This 
cascading effect of global climate change on human migration could 
increase social and political tensions, potentially leading to resource 



20

strain, social unrest, and political instability. These effects could further 
impact trade, security, and regional cohesion[13].

Mineral Supply Chain Shock and Energy Transition
The shift to clean energy necessitates a range of critical minerals, but 
future supply is uncertain. Risks such as schedule delays, cost over-
runs, and the need for clean, responsibly sourced supplies pose sig-
nificant challenges. The global nature of these challenges is highlight-
ed by China’s dependence on imported raw materials and its efforts to 
diversify its supply portfolio[14]. Saudi Arabia, with its abundant mineral 
resources, could play a pivotal role in addressing these challenges. The 
global demand for clean energy is causing a ripple effect on mineral 
supply chains, potentially leading to supply shocks and geopolitical 
tensions. These challenges could disrupt the global energy transition, 
impacting fossil fuel-dependent economies like Saudi Arabia, and have 
cascading effects on energy prices, economic stability, and progress 
towards climate goals.

Climate Cooperation

Addressing the cascading effects of a 3-degrees warmer world calls for a 
comprehensive approach that transcends individual sectors and borders. 
This includes robust mitigation strategies, adaptive measures, and interna-
tional cooperation to manage shared risks and challenges. The intercon-
nected nature of these impacts, spanning public health to food security, and 
energy supply to economic stability, underscores the need for integrated 
solutions.

Coalition building is crucial in this global endeavor. It is an opportunity for a 
respectful exchange of ideas and perspectives that can foster innovation 
and transcend the bounds of current understanding. However, navigating the 
complexities of climate change also involves grappling with uncertainties: 
the known unknowns and the unknown unknowns!

This report aims to shed light on these dynamics, providing a detailed explo-
ration of potential impacts and implications for Saudi Arabia in a 3-degrees 
warmer world. It also seeks to offer actionable recommendations for policy-
makers, emphasizing risk management, resilience building, and international 
collaboration.

Furthermore, addressing environmental challenges extends beyond technol-
ogy and policy. It involves creating a culture of sustainability, where every indi-
vidual and organization understands their role in protecting the environment 
and is motivated to make sustainable choices. This work contributes to the 
global dialogue on climate change and aims to inspire action towards a more 
sustainable future.

Climate Futures Report
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Saudi Arabia has recently been taking steps to address climate change and 
reduce its greenhouse gas emissions. The country’s current climate policy 
is primarily guided by its Vision 2030, a comprehensive economic and social 
reform plan aimed at diversifying its economy and reducing its dependence 
on oil. In 2021, Saudi Arabia has committed under its updated nationally de-
termined contributions (NDC) to reducing, avoiding, and removing its GHG 
emissions by 278 million tons of CO2eq annually by 2030. Also, in the same 
year, the Kingdom announced its pledge to achieve GHG net-zero emissions 
(NZE) by the year 2060. To achieve its climate ambition, the country has im-
plemented various initiatives and measures. One significant step is the ex-
pansion of renewable energy sources, particularly solar power. The country 
aims to increase its renewable energy capacity to 50% of the electricity mix, 
which will help decrease its reliance on fossil fuels. Additionally, Saudi Arabia is 
implementing energy efficiency programs to ensure more sustainable energy 
consumption across sectors such as industry, transportation, and buildings.

To understand the contributions of current climate policies and additional 
ones that are needed for the Kingdom to deliver on its short- (NDC) and long-
term (NZE) targets, it is important to explore different decarbonization path-
ways for Saudi Arabia to guide its future efforts. Kamboj et al.[15] establishes a 
scenario where the Kingdom achieves its updated NDC target by 2030, and 
its NZE target by 2060. The results suggest that achieving economy-wide net 
zero GHG emissions will be complex and challenging for Saudi Arabia, and will 
require a substantial reduction in emissions across all sectors of the econo-
my. The results also show that price reforms, energy efficiency measures, and 
the 50% renewable target, are insufficient to achieve the 278 mt CO2 by 2030 
target and will yield an abatement of 185 mt CO2eq. The results also show 
that Saudi Arabia will have to increase its ambition of reducing emissions in 
the next round of updating the NDCs to better align with its long-term target 
of achieving net zero GHG emissions by 2060. Furthermore, each sector will 
follow a separate decarbonization pathway and not necessarily achieve sec-
toral zero emissions. Finally, understanding how these sectors will evolve into 
the future and their vulnerability and adaptive capacity to climate change is 
vital to chart a pathway that is more climate-adaptive and resilient naturally, 
socially, and economically.

Achieving economy-wide net zero
GHG emissions will be complex
and challenging for Saudi Arabia,
and will require a substantial
reduction in emissions across
all sectors of the economy
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“If the global average temperature 
increases by 3°C, as projected 
under a middle-of-the-road 
scenario, it will likely translate to a 
4°C change in Saudi Arabia.”
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Climate Changes: Past, 
Present and Future

Climate change is already impacting Saudi Arabia and will impose significant 
challenges for the future. Warming in the Arabian Peninsula has already sur-
passed 1.5°C above pre-industrial levels (1850–1900) and is on the verge of 
exceeding 2°C. Depending on the future socio-economic scenario, climate 
models project that average temperatures could increase anywhere between 
2.5°C to 5.8°C by the end of the century (relative to 1850–1900). Simultane-
ously, precipitation may become more erratic, with extremes increasing by 
7% to 33% depending on the level of global warming, resulting in more se-
vere flash floods. Rising sea levels are a threat to the country’s densely pop-
ulated coastal cities. With a projected population growth of 32% by 2050, 
more people will be at risk from climate-related hazards. The variation in 
climate outcomes projected from different climate models and scenarios 
underscores the importance of our decisions and actions today in shaping 
Saudi Arabia’s climate future.

Prof. Hylke Beck
Climate and Livability Initiative, Physical Sciences and Engineering (PSE), 
King Abdullah University of Science and Technology (KAUST), Saudi Arabia
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The Recent Past

Saudi Arabia’s climate is predominantly hyper-arid, with summer tempera-
tures frequently exceeding 40°C in the country’s center. According to the 
Köppen climate classification, the country is classified as having a “hot des-
ert climate” (type BWh). Precipitation is sporadic and sometimes heavy, aver-
aging less than 100 mm/yr, with the majority falling between November and 
May. The Asir Mountains, located in the southwest, are a notable exception. 
Here, the topography induces cooler temperatures, even dropping below 0°C 
in winter, and the region experiences more frequent precipitation, producing 
a more semi-arid climate.

Saudi Arabia’s arid climate is due to its position in the subtropical high-pres-
sure zone, where the downward movement of warm, dry air hinders the for-
mation of clouds. Weather patterns in the country are governed by variations 
in the strength and position of this pressure system, as well as others such 
as the Siberian high, the Icelandic low, the Sudanese low, and Mediterranean 
depressions[1]. The Arabian Gulf and the Red Sea are the primary sources of 
atmospheric moisture, delivering the characteristic humidity and moderating 
temperatures along the coast. Mediterranean Sea disturbances provide ad-
ditional moisture to the north during winter periods, while the Indian Ocean 
monsoon system draws in moisture to the southwest in summer. Global phe-
nomena such as the El Niño Southern Oscillation (ENSO), the North Atlantic 
Oscillation (NAO), and the Indian Ocean Dipole (IOD) further modulate the 
country’s weather patterns.

Jeddah Flood 2009, King Abdul-
lah Street. Photo by Rami Awad
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Like nearly all regions worldwide, Saudi Arabia has seen a rise in average 
temperatures over the past century: a trend that is attributed to the increase 
in atmospheric greenhouse gasses, primarily in response to the burning of 
fossil fuels for electricity, heating/cooling, and transportation. Of some con-
cern is the fact that the warming trend has accelerated in recent years, with 
Saudi Arabia’s temperature rise outpacing the global average. Indeed, recent 
research indicates that the temperature rise over the Arabian Peninsula over 
the last four decades is double the global average[2,3]. This has been attribut-
ed to the land-sea warming contrast: land masses, with their limited heat ca-
pacity and limited water supply for evaporation, tend to heat up more quickly. 
Such rapid regional warming has already exceeded 1.5°C and is on the verge 
of surpassing 2°C above pre-industrial times, which are typically defined as 
the period between 1850–1900 (when human impact on the climate was less 
pronounced). However, it is worth noting that this rate of double the global 
average is not expected to persist indefinitely, as will be discussed in the “Fu-
ture Climate Projections” subsection of this chapter.

Reconstructing historical precipitation trends tend to be more uncertain than 
for temperature, due to the inherent difficulties in accurately measuring and 
modeling the sporadic, high-intensity precipitation that is typical of the re-
gion. Additionally, trends in precipitation have been much less uniform across 
Saudi Arabia than trends in temperature. Over the past few decades, there 
has been a general decrease in annual and wet season precipitation, par-
ticularly in the central and southwestern regions[4]. However, some areas in 
the eastern, northwestern, and southern extents have experienced a slight 
increase in precipitation. Extreme precipitation events, which can trigger de-
structive flash floods, have shown an increasing trend. While these trends 
cannot be unequivocally linked to climate change, the increase in extremes 
aligns with the expectation that climate change enhances the atmosphere’s 
ability to hold moisture[5].

Similar to global trends, sea levels in the Red Sea and the Arabian Gulf are 
also on the rise. This increase is primarily due to the melting of ice sheets and 
glaciers and the expansion of oceans as they heat up. The average rate of 
sea level rise in the Red Sea was 5.7 mm/yr during 2006–2018 and 4.1 mm/yr 
during 1993–2022, while the Arabian Gulf experienced a sea level rise rate of 
3.4 mm/yr during 2006–2018 and 3.9 mm/yr during 1993–2022[6]. The rate of 
sea level rise in the Arabian Gulf aligns closely with the global rate, while the 
rise in the Red Sea surpasses the global average.

Climate Models and Future Scenarios

Climate projections provide our best estimates of future climate conditions. 
These are primarily based on climate models, such as those forming part of 
the Coupled Model Intercomparison Project Phase 6 (CMIP6)[7]. These mod-
els harness our best understanding of the complex physical processes oc-

[A]

[B]

[C]

[A] Dust storm across the  
Persian Gulf and Saudi Arabia, 
March 27, 2003, Jacques Des-
cloitres, MODIS Rapid Response 
Team, NASA/GSFC
[B] Dust storm in Saudi Arabia 
and Yemen, March 27, 2015, Imag-
es by the LANCE/EOSDIS Rapid 
Response team
[C] Dust storm in Iraq and Saudi 
Arabia, October 29, 2017,Images 
by the LANCE/EOSDIS Rapid 
Response team
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curring within the Earth system and simulate how the global climate responds 
to changes in external forcings, such as atmospheric greenhouse gas con-
centrations, solar radiation, volcanic eruptions, and changes in land use. 
Current climate models reflect the pinnacle of our knowledge and technical 
capacity. They are rooted in well-established physical principles, validated by 
a wealth of observations, and capable of reproducing both current and past 
climate changes.

However, these models do have limitations, and as a result, their projections 
are subject to a degree of uncertainty. The primary source of most of this un-
certainty is that many critical small-scale processes cannot be explicitly rep-
resented in models and must therefore be approximated — often referred to 
as “parameterisation”. Other factors contributing to this uncertainty include 
our limited understanding of clouds and aerosols, and the unpredictability of 
some natural climate variations, such as the previously mentioned IOD and 
ENSO. Regardless, climate models are crucial tools for providing us with the 
best possible predictions of future climate change and its potential impacts, 
allowing policymakers and stakeholders to develop informed climate change 
adaptation and mitigation strategies.

When modeling the future, it is important to understand that future trajec-
tories of economic development, population growth, and the rate of green-
house gas emissions are inherently uncertain, as they are shaped by deci-
sions and actions yet to be taken. To account for this uncertainty, so-called 
Shared Socio-economic Pathways (SSPs) have been developed[8]. These 

View of aerosol movement 
created by NASA’s models and 
supercomputers, NASA/Goddard 
Space Flight Center
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pathways encompass a range of potential future scenarios and serve as driv-
ers for the climate models used to generate climate projections. 

The main SSPs are as follows:

	■ SSP1-2.6: represents a sustainable future, where the world rapidly re-
duces greenhouse gas emissions and achieves a relatively low level of 
global warming;

	■ SSP2-4.5: a “middle of the road” scenario reflecting a world in which 
trends broadly follow their historical patterns, with moderate levels of 
warming;

	■ SSP3-7.0: represents a fragmented world with high levels of greenhouse 
gas emissions and significant global warming;

	■ SSP5-8.5: depicts a world with strong economic growth and high ener-
gy demand that is met mainly by fossil fuels, leading to very high levels 
of greenhouse gas emissions and global warming.

 
Throughout this report, we refer most often to changes anticipated within 
climate projections based upon SSP2-4.5. Many climate scientists currently 
view this scenario as the most likely trajectory for our future.

Future Climate Projections

A rise in air temperature is a certain outcome of increases in atmospheric 
greenhouse gas concentrations. According to CMIP6 models, the projected 
global warming for the range of future scenarios expressed within SSP1-2.6, 
SSP2-4.5, SSP3-7.0, and SSP5-8.5 by 2081–2100 (relative to the pre-industrial 
period 1850–1900) is estimated at 1.8°C, 2.7°C, 3.6°C, and 4.4°C, respective-
ly[9]. The timeframe for reaching 3°C of global warming also varies depending 
on the SSP. Under the high-emission scenarios of SSP3-7.0 and SSP5-8.5, 
this warming threshold will likely be reached in 2077 and 2065, respectively. 
Under the low-emission scenario of SSP1-2.6, we can entirely avoid this lev-
el of warming, while under the moderate-emission scenario of SSP2-4.5, we 
may only reach this level in the 22nd century, if at all. 

However, it is important to note that the projected temperature increases re-
flect global averages. Local and regional variation will exist amongst these pro-
jections. Indeed, the projected average temperature increase for the Arabian 
Peninsula for the period 2071 to 2100 under scenarios SSP1-2.6, SSP2-4.5, 
SSP3-7.0, and SSP5-8.5 is 2.5°C, 3.6°C, 4.8°C, and 5.8°C, respectively (relative 
to 1850–1900; FIGURE 1) reflecting the regional tendency to warmer than aver-
age responses. A rise in global average temperature of 3°C above the pre-in-
dustrial level is projected to result in an approximate 4.4°C increase in the av-
erage temperature for the Arabian Peninsula by the end of this century[2]. For 
global warming levels of 1.5°C, 2°C, and 4°C, the projected average tempera-
ture increases across the Arabian Peninsula are approximately 2.2°C, 2.9°C, 

FIGURE 1 ↓

[A] Simulated mean annual 
temperature change relative to 
1850-1900. 
[B] Simulated mean annual 
precipitation change relative to 
1850-1900.

Air temperature changes in °C 
(a) and precipitation changes in 
% (b) relative to 1850–1900 for 
the Arabian Peninsula. These 
changes were obtained using a 
subset of 22 CMIP6 models with 
realistic CO2-induced warming 
rates[16]. The dashed vertical lines 
mark January 1, 2015. For air tem-
perature, changes relative to 1850–
1900 are calculated by adding 
1.086°C (the observed temperature 
increase for the Arabian Peninsula 
from 1850–1900 to 1991–2020) 
to simulated changes relative 
to 1991–2020. For precipitation, 
changes relative to 1850–1900 
are calculated by adding 3% (the 
mean simulated precipitation 
increase for the Arabian Peninsula 
from 1850–1900 to 1991–2020) 
to simulated changes relative to 
1991–2020. To smooth out yearly 
fluctuations, a 10-year moving 
average is applied. The shaded re-
gions around each line depict the 
68% confidence interval, which 
is calculated based on the spread 
among the models.
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Simulated mean annual precipitation change relative to 1850-1900.
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and 5.6°C, respectively. Consequently, with each degree of global warming, the 
corresponding increase in temperature is significantly more pronounced for 
the Arabian Peninsula, due to the aforementioned land-sea warming contrast.

In agricultural areas, higher temperatures, along with changes in other mete-
orological variables, may increase the demand for water. In the Al Qassim re-
gion, one of Saudi Arabia’s most important agricultural areas, the crop water 
demand is projected to rise by 6.0% and 12.0% respectively by the end of the 
21st century under scenarios SSP2-4.5 and SSP5-8.5[10]. This increase will cer-
tainly place additional pressure on the region’s already stressed water resourc-
es, particularly the finite and over-exploited groundwater reserves (Chapter 5).

In cities, the increase in temperature may be even greater, due to the antic-
ipated urbanization associated with projected population growth of 32% by 
2050 (UN, 2022). This urbanization will exacerbate the urban heat island ef-
fect, the phenomenon of city infrastructure absorbing and retaining heat[11]. 
Climate models generally do not account for this effect due to their coarse 50 
to 100 km spatial resolution. Higher temperatures will also increase the need 
for cooling, which can lead to increased energy use and potentially higher 
greenhouse gas emissions (Chapter 7).

The projected average precipitation increase for the Arabian Peninsula for 
the period 2071 to 2100 under scenarios SSP1-2.6, SSP2-4.5, SSP3-7.0, and 
SSP5-8.5 is 3%, 8%, 15%, and 16% respectively, compared to 1991–2020 
(see FIGURE 1). The shaded areas around each line indicate the uncertainty in 
these projections, arising from the limitations inherent in the climate models. 

Floods in Saudi Arabia, January 
24, 2005, NASA image created by 
Jesse Allen, Earth Observatory, 
using data obtained from the 
MODIS Rapid Response team.
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Notably, the shaded areas are much broader for precipitation than for tem-
perature, highlighting the significant uncertainty surrounding precipitation 
projections. Accurately simulating precipitation is particularly challenging 
because of its considerable spatial and temporal variability and the multitude 
of factors affecting precipitation generation. This uncertainty emphasizes the 
need for effective water management strategies (Chapter 5), especially since 
projections also suggest that annual precipitation variability in the region will 
increase[12], enhancing the risk of both floods and droughts.

It is important to recognize that a small-to-moderate percentage change 
in precipitation will not dramatically alter the water supply outlook for Saudi 
Arabia. Given the low total volumes of annual precipitation, Saudi Arabia will 
remain an environment dominated by semi- and hyper-arid conditions, even 
under the most optimistic precipitation projections.

Similar to the rise in temperature, the rise in sea level is a certain outcome of 
climate change. For SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 the global 
mean sea level is expected to rise by 0.58 m, 0.70 m, 0.81 m, and 0.91 m, 
respectively, by the end of the 21st century (relative to the year 1900[9]). It is 
important to note that these estimates are subject to considerable uncertain-
ty, due to our limited understanding of the future response of the ice sheets. 
Furthermore, regional sea level rise projections can significantly deviate from 
global projections due to changes in gravity fields, wind patterns, and land 
subsidence or uplift. Regardless, these rising sea levels pose a substantial 
risk to the many densely populated cities located along Saudi Arabia’s coasts, 
as they could lead to increased storm surges (Chapter 6).

Changes in Extremes

The effects of climate change are not solely reflected in shifts in average tem-
peratures and precipitation patterns. Generally, changes in extreme weather 
events are more pronounced than changes in the average climate. This is 
because climate change does not merely “shift” averages, but often “stretch-
es” the entire statistical distribution of climate variables such as temperature 
and precipitation. The tail ends of these distributions, representing extreme 
weather events (i.e., those least likely to occur), are thus affected in a non-lin-
ear and often more dramatic fashion compared to the averages.

The most common natural hazards in Saudi Arabia are heat waves, flash 
floods, and dust storms. To illustrate the impact of climate change on heat 
waves, FIGURE 2 shows the projected change in annual maximum tempera-
ture by 2081–2100 (relative to 1981–2010). Here, we have chosen to focus on 
potential global warming levels, rather than choosing an individual SSP, to  
illustrate a range of possible climate outcomes. For global warming levels 
of 1.5°C, 2°C, 3°C, and 4°C above pre-industrial levels, the annual maximum 
temperature for the Arabian Peninsula increases by 1.6°C, 2.3°C, 3.9°C, and 
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FIGURE 2 ↓

[A] Simulated annual maximum 
temperature change relative� to 
1981-2010. 
[B] Simulated annual maximum 
precipitation change relative �to 
1981-2010.

Projected changes in annual 
maximum temperature (a) and 
1-day maximum precipitation 
(b) for the Arabian Peninsula 
relative to 1981–2010 at 1.5°C, 2°C, 
3°C, and 4°C of global warming 
(with respect to 1850–1900). 
These changes were obtained by 
averaging simulations from 27 
CMIP6 models using the SSP5-
8.5 scenario.
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Simulated annual maximum temperature change relative�to 1981-2010.
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5.2°C, respectively, with the greatest warming expected to occur in central 
northern Saudi Arabia.

Concerningly, under a high-emission scenario such as SSP5-8.5, outdoor 
conditions during heat waves in certain cities along the Arabian Gulf could 
exceed the survivability threshold towards the end of the century[13]. Notably, 
the referenced study did not take into account the previously mentioned ur-
ban heat island effect, which further exacerbates the heating.

Despite the low annual volumes of rainfall, Saudi Arabia frequently experienc-
es sudden and intense precipitation events, resulting in flash floods that have 
claimed lives and inflicted significant damage to infrastructure and property. 
Many cities in Saudi Arabia are vulnerable to these flash floods, due to a lack 
of adequate storm drainage infrastructure.

As temperatures rise due to climate change, so does the capacity of our at-
mosphere to hold moisture. Specifically, for every degree Celsius of warming, 
the air’s ability to hold moisture increases by roughly 7%: a relationship de-
scribed by the Clausius-Clapeyron equation. Increases in humidity can lead 
to more extreme precipitation events, as the moisture-laden air has the ca-
pacity to carry, and subsequently release, more water[5].

To illustrate the impact of climate change on extreme precipitation events in 
Saudi Arabia, FIGURE 2 also depicts the projected change in annual 1-day 
maximum precipitation by 2081–2100 (relative to 1981–2010). For global 
warming of 1.5°C, 2°C, 3°C, and 4°C (above pre-industrial levels), the 1-day 
maximum precipitation for the Arabian Peninsula increases by 7%, 10%, 
23%, and 33%, respectively, with the greatest increases expected to occur 
in the southwest. 

While there is uncertainty regarding the magnitude of these increases, mainly 
due to the relatively simplistic way precipitation processes are “parameter-
ized” in global climate models (rather than physically simulated), any substan-
tial increase in precipitation extremes would likely result in more frequent and 
severe flash floods. Such an outcome is particularly worrisome given the pro-
jected population growth of 32% by 2050[14], which will expand the number of 
people exposed to the risks of flooding. 

The Middle East is a hot spot for dust storms, which degrade air quality and 
visibility. These storms not only pose threats to human health (Chapter 8), but 
also impact crucial sectors such as aviation and energy. CMIP6 projections 
indicate that while surface dust concentrations might decrease in the south-
east, they could rise in the northwest under all scenarios[15].

However, dust projections are perhaps even more uncertain than those for 
precipitation, due to the complex interplay of factors affecting dust con-
centration, transport and dispersal. Higher temperatures can exacerbate 
soil dryness, making it more susceptible to wind erosion and dust emission. 

Climate Futures Report38



39 Climate Changes: Past, Present and Future

Precipitation, on the other hand, can mitigate dust events by wetting the soil, 
reducing its vulnerability to wind-driven erosion. Winds not only lift and trans-
port dust particles from the source regions, but also influence the distance 
and direction these particles travel.

Dealing with Uncertainty

While the implications of climate change are clear in some areas, such as the 
undeniable rise in temperatures and sea levels, other aspects remain less 
certain, including changes in precipitation and dust concentrations. How-
ever, the presence of uncertainties should not deter the implementation of 
climate change adaptation and mitigation measures. On the contrary, such 
uncertainties underscore the need for decisions that strengthen infrastruc-
ture and enhance community preparedness, even in the absence of precise 
forecasts. Indeed, the differences that exist in projections of the various so-
cio-economic scenarios emphasizes the profound impact that today’s deci-
sions and actions can have on the future climate trajectory of Saudi Arabia.

Recent years have witnessed a remarkable willingness and commitment to 
undertake transformational change, with the protection, preservation and 
restoration of natural capital a primary focus. Although innovative solutions 
like afforestation, carbon capture, and nature based solutions show promise, 
it is important to understand their limitations. Relying solely on these tech-
niques without a parallel decarbonization strategy will not provide a compre-
hensive solution to the climate related challenges of the future. Given its vast 
solar potential, commitment to economic diversification under Saudi Vision 
2030, and its strategic importance in the global energy market, Saudi Arabia 
is strongly positioned to become a global leader in climate change mitigation 
and adaptation.
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Facts

Climate represents an average of weather pat-
terns over decades in a specific region, and it 
evolves more gradually than weather. As a result, 
predicting long-term climate trends can be more 
feasible than short-term weather forecasting.

While the climate has indeed changed in the past, 
it’s essential to note that humans are now the 
leading force driving these changes.

Over the last few decades, during the phase of 
global warming, the sun’s activity and the Earth’s 
climate have been on divergent paths.

The adverse impacts of global warming on agri-
culture, health, and the environment significantly 
outweigh any potential benefits.

An overwhelming majority, 97% of climate experts, 
agree that human activities are the primary cause 
of global warming.

Climate models have successfully replicated 
global temperatures since 1900 across various 
domains—land, air, and oceans.

The observed warming trend remains consistent 
in both rural and urban areas, as confirmed by 
measurements from thermometers and satellites.

Myths

“How can we confidently forecast climate trends 
when we can’t predict the weather accurately for 
the next week?”

 
 
“The climate has changed before.”

 
 
“The sun is causing global warming.”

 
 
“Global warming isn’t so bad.”

 
 
“There is no consensus on climate change.”

 
 
“Climate models are unreliable.”

 
 
“The temperature record is unreliable.”

Knowledge Box // Debunking Common Myths About Climate Change
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“The key factors that promote land 
degradation and desertification, 
including wind and water erosion, 
aquifer depletion, overgrazing, 
and increases in aridity, will all 
be exacerbated by the climatic 
conditions projected in a 3ºC 
warmer world.”
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Terrestrial Ecosystems 

Over the past four decades, Saudi Arabia has warmed at a rate 50% higher 
than landmasses in the Northern Hemisphere[1]. Such an amplified degree of 
terrestrial warming, together with changes in aridity conditions and rainfall pat-
terns, is already having noticeable impacts on ecosystems within the Kingdom 
and their associated biodiversity. Ongoing climate change is also exacerbat-
ing the ecological impacts of other human activities, such as unsustainable 
groundwater use, overgrazing, urbanization, poaching, and land use change, 
as well as accelerating major environmental problems like land degradation 
and desertification. The capacity of Saudi Arabia’s terrestrial ecosystems to 
deliver essential services for human wellbeing and development is under 
threat, requiring action to protect and preserve these unique environments.

Prof. Fernando T. Maestre, Dr. Emilio Guirado
Department of Ecology & Multidisciplinary Institute for Environment Studies 
“Ramón Margalef”, University of Alicante, Spain
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Land Degradation and Desertification

Desertification is formally defined as “land degradation in arid, semi-arid and 
dry sub-humid areas due to various factors, including climate change and hu-
man activities’’[2], Desertification impairs the capacity of the land to provide 
essential ecosystem services and to support life, and represents a major en-
vironmental challenge for Saudi Arabia. Although drylands are considered by 
many as inhospitable to life, they provide a wide range of ecosystem services, 
including rangelands that provide grazing for nomadic communities[3] and bi-
ocrusts that sequester carbon and reduce runoff[4]. Along Saudi’s coastlines, 
mangrove forests and salt-marshes serve as nursery grounds for marine life 
and support human populations by protecting shorelines against erosion and 
providing commercial species for food and nutrition[5]. 

Large regions of Saudi Arabia are composed of drylands in which land deg-
radation processes have been documented, including the Eastern Province[6] 
as well as between Jeddah and Haql[7]. Of considerable concern is that the 
key factors that promote land degradation and desertification, including wind 
and water erosion, aquifer depletion, overgrazing, and increases in aridity, will 
all be exacerbated by the climatic conditions projected in a 3ºC warmer world. 

Expectations of increased aridity, drought length and intensity, sporadic and 
heavy rainfall events and enhanced atmospheric evaporative demand, will all 
act to reduce water availability throughout Saudi Arabia. Indeed, estimates 
predict a loss of up to 26 liters per square meter per year by the end of the 

Salam Park, Riyadh, Saudi  
Arabia, Google Earth Studio
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century[8]. Such reductions will impact the amount of water available to nat-
ural vegetation, which is unlikely to be offset by any increases in water use 
efficiency (promoted by higher concentrations of CO2 in the atmosphere). The 
consequence is a likely reduction in vegetation cover and diversity, aggravat-
ing the effects of overgrazing and wind and water erosion and amplifying the 
risks of further degradation and desertification[9].

Global drylands are expected to be among the environments most affect-
ed by ongoing climate changes[10]. Saudi Arabia will be no exception. While 
not formally included in the definition of desertification in the UN Convention 
to Combat Desertification (UNCCD) (because they are assumed incapable 
of supporting economic activity), hyper-arid areas can also be desertified 
by human activities. Overexploitation of water resources in hyper-arid lands 
fits within the UNCCD concept of desertification, in which human activities 
are recognized as drivers of irreversible degradation[2]. The mining of fossil 
groundwater in Saudi Arabia to irrigate agriculture exceeds 20 billion cubic 
meters per year, representing an order of magnitude difference to the annual 
recharge[11]. Climatic changes associated with a 3ºC warming are expected 
to reduce the annual groundwater recharge by 5% for the period 2045-2055 
compared to the timeframe 2015-2025[11], further exacerbating the land deg-
radation and desertification associated with unsustainable water use.

Terrestrial Biodiversity

Currently, Saudi Arabia protects more than 66,000 km2 of its land and sea, rep-
resenting around 17% of the total surface area. Driven by recent conservation 
efforts, these numbers are expected to increase to a total of 30% by 2030. 
However, climate change, coupled with anthropogenic influences, is already 
driving the loss of natural habitats, including unique ecosystems such as sab-
khas, karst systems, oases, and wadis, which are highly dependent on above- 
and below-ground water resources[12]. The loss of these ecosystems is affecting 
unique native species, as well as migratory birds that rely on them as a waypoint 
for breeding, resting, and feeding grounds during their migratory routes[13]. 

Terrestrial warming and changes in rainfall patterns that can be expected under 
a 3ºC warming scenario will act to increase water scarcity and exacerbate these 
negative impacts. Furthermore, agriculture and other human activities, includ-
ing urban expansion, will continue to compete with natural systems for available 
water, reducing the volumes available to maintain water-dependent ecosys-
tems and placing further stress on an already water constrained environment.

Expected temperature changes are a major threat to animals currently living 
in the region, as many are non-migratory, and thus need to cope with tem-
perature increases. Rapid adaptation may not be possible for many animals 
under a 3ºC warming scenario. Ambient temperature across many parts of 
Saudi Arabia already reach 45 °C during the summer, stressing endangered 

[A] Empty Quarter, Image created 
by Robert Simmon, using Landsat 
data provided by the United 
States Geological Survey. Caption 
by Michon Scott
[B] Arabian Desert, NASA

[A]

[B]
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Red List, categories of the IUCN
Critically endangered
Endangered
Vulnerable

Near threatened
Least concern

Threatened categories

RUPPELL’S FOX
Class:
NoMA:
Binomial:

Least concern
Unkwown
Vulpes rueppellii

ASIAN HOUBARA
Class:
NoMA:
Binomial:

Vulnerable
33,000-67,000
Chlamydotis 
macqueenii

Class:
NoMA:
Binomial:

Near threatened
10,000
Hyaena hyaena

Class:
NoMA:
Binomial:

Endangered
5,700
Torgos tracheliotos

LAPPET-FACED VULTURESTRIPED HYENA

DUGONG
Class:
NoMA:
Binomial:

Vulnerable
Unkwown
Dugong dugon

NUBI
Class:
NoMA:
Binomial:

Vulnerable
2,500
Capra nubiana

Class:

NoMA:
Binomial:

Critically 
endangered
125-150 (KSA)
Hyaena hyaena

Class:
NoMA:
Binomial:

Least concern
Unknown
Felis margarita

SAND CATRED-NECKED OSTRICH

RHIM GAZZELLE
Class:
NoMA:
Binomial:

Endangered
300-600
Gazella leptoceros

ARABIAN GAZZELLE
Class:

NoMA:
Binomial:

Vulnerable 
(protected)
5,000-7,000
Gazella arabica

Class:

NoMA:
Binomial:

Critically 
endangered
100-250
Hyaena hyaena

Class:
NoMA:
Binomial:

Endangered
1,000
Oryx leucoryx

ARABIAN ORYXARABIAN LEOPARD

Class Classification
NoMA Number of Mature  
 Animals

FIGURE 1 [A] 	

The threatened species of Saudi Arabia: endangered animals and the 
reserves where they are found.
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and iconic Saudi fauna (FIGURE 1). According to the International Union for 
Conservation (IUCN)’s red list of threatened species, Saudi Arabia hosts sev-
eral threatened species, ranging from vulnerable (e.g., the Arabian gazelle, 
Gazella arabica; and the lappet-faced vulture, Torgos tracheliotos) to critically 
endangered (e.g., the red-necked ostrich, Struthio camelus camelus; and the 
Arabian leopard, Panthera pardus nimr). In many cases, the number of mature 
animals for some of these unique species is currently uncertain or unknown. 
For example, the red-necked ostrich and the Arabian leopard are suspected 
to have populations of mature individuals ranging from 125-150 and 100-250, 
respectively. The number of individuals in populations of dugong (Dugong du-
gon) and ruppell’s fox (Vulpes rueppellii), classified as vulnerable and least 
concern, respectively, is unknown.  

Projections under the SSP2-4.5 scenario will shift temperature distributions, 
with extremes likely to exceed 47ºC during summer, representing an upper 
lethal limit for many endangered species, and threatening others such as 
the Arabian spiny-tailed lizard (Uromastyx spp.) or the hoopoe lark (Alaemon 
alaudipes)[14]. Changes in the diurnal temperature range may also negatively 
impact reptiles, as their current distribution is significantly impacted by this 
climatic feature[13]. The influence of increasing temperatures on important 
pollinators such as bees remains a serious concern in Saudi Arabia, with reg-
istered losses of up to 92% in communities of Apis mellifera carnica in sum-
mer months, when temperatures are at their maximum[15].

Saudi Arabia’s vegetation, which is already adapted to extremely dry condi-

Villages of Fifa Mountains, Jazan 
Province. Photo via Saudi Green 
Initiative

Terrestrial Ecosystems 
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SAUDI ARABIA’S 
PROTECTED AREAS AND 
NATURE RESERVES

Harrat Al-Harrah

Al-Tubayq

At-Taysiyah

Al-Khunfah

Nafud Al-Urayq

Ibex Reserve

Majami Al-Hadb

Uruq Bani Ma’arid

Saja Um Al-Rimth

Sharaan

Mahazat As-Sayd

Jabal Shada

Umm Al-Qamari

Farasan Islands

Rayhad

FIGURE 1 [B] ↓

The threatened species of Saudi 
Arabia: endangered animals and 
the reserves where they are found.

Source IUCN red list of threatneded species Saudi wildlife authority (SWA).

tions, will almost certainly be negatively affected, as warmer temperatures 
and altered precipitation patterns will increase evaporation and reduce soil 
water availability. However, evidence of potential changes is scarce, and will 
likely differ depending on the species and habitat being considered. For ex-
ample, field surveys in the Khulais region have reported that ongoing increas-
es in aridity between 2011 and 2020 have reduced the frequency of 50 out 
of 251 plant species found, with the largest declines observed in agricultural 
weeds and valley plants, while species of rocky and mountain habitats were 
less affected[16]. 
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SAUDI ARABIA’S 
PROTECTED AREAS AND 
NATURE RESERVES

Harrat Al-Harrah
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Uruq Bani Ma’arid
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Sharaan

Mahazat As-Sayd

Jabal Shada

Umm Al-Qamari

Farasan Islands

Rayhad

Any scenario reflecting an increase in global temperatures approaching 3ºC 
of warming will undoubtedly exacerbate impacts on the flora and fauna of Sau-
di Arabia. While there is limited analyses regarding climate change impacts 
on natural habitats within the Kingdom, it remains unlikely that any warming 
approaching 3ºC will produce positive outcomes for terrestrial biodiversity. 
One exception might relate to anticipated sea level rises, which could act to 
increase the distribution range of mangroves along the Arabian coastlines. 

Ecosystem Services

Ecosystem services encompass the ecological attributes, operations, or 
mechanisms that play a role, either directly or indirectly, in enhancing human 
wellbeing. In essence, they represent the advantages that individuals obtain 
from the proper functioning of ecosystems. Such services include sediment 
retention, the provision of water, food production, the maintenance of soil fer-
tility or climate regulation, to name a few. As such, ecosystem conservation 
is not only critical for biodiversity, but also for human wellbeing, as human 
populations in the Kingdom and elsewhere rely on the services they provide 
for our survival and development. 

The provision of ecosystem services relies upon the maintenance of healthy 
ecosystems, so any factor negatively impacting them will have detrimental 
effects. As an example, declining vegetation cover and loss of biodiversity 
negatively impact the ability of ecosystems to retain water and prevent soil 
erosion, increasing the risk of flooding and water quality degradation. Similar 
to the forecasts on future biodiversity, there are few specific studies address-
ing how a 3ºC warming will impact the provision of ecosystem services in the 
region. However, like elsewhere around the world, and particularly in arid and 
semi-arid environments[17], the burden of evidence suggests major impacts 
on essential ecosystem services.

Global studies based on previous IPCC scenarios indicate that a 2.8ºC warm-
ing will substantially decline carbon storage (up to 2000 Mg/km2) in the re-
gion, which exerts a major control on climate regulation and is a key action 
to mitigate climate change[18]. As noted previously, the detrimental effects of 
such warming on populations of bees and other wild pollinators will direct-
ly impact the cultivation of fresh fruits, especially considering that approxi-
mately 75% of flowering plants and 35% of the world’s food crops depend on 
animal pollination. Other important services, such as sediment retention and 
the maintenance of soil fertility, will also be negatively affected as increased 
temperatures, droughts, and reduced soil water availability, acting in combi-
nation with urbanization and other land use changes, reduces natural vegeta-
tion and increases wind and water erosion.

[A] Photo by NEOM on Unsplash
[B] Photo by Dr Muhammad Amer 
on Unsplash

[A]

[B]
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Ecosystem Restoration and Enhancement 

To protect and preserve Saudi Arabia’s terrestrial ecosystems into the future 
it is crucial to take measures to mitigate climate change and adapt to its ef-
fects as soon as possible. This includes reducing greenhouse gas emissions, 
conserving and restoring natural habitats, managing water sustainably, and 
developing novel ecosystem restoration strategies. 

Major national and regional initiatives aiming to protect biodiversity, restore 
degraded ecosystems and mitigate climate change include the Saudi and 
Middle East Green Initiatives[19]. Tree planting is at the cornerstone of both 
initiatives, with aims to plant 10 and 40 billion trees throughout Saudi Arabia 
and the Middle East, respectively. These measures are complemented by im-
portant actions such as the establishment of protected areas covering more 
than 30% of the Saudi territory (including marine and coastal ecosystems), 
a transition to green energy, and the establishment of waste reduction and 
improved management measures, to name a few.  

Such initiatives will be fundamental to improve the provision of ecosystem 
services by increasing vegetation cover and associated organisms, reducing 
soil erosion and dust production, improving air and soil quality and mitigating 
desertification and climate change. If implemented successfully, it has been 
estimated that these activities will help to offset 2.5% of the global green-
house gas emissions, including the reduction and removal of 670 million tons 
of carbon dioxide equivalent. Such an outcome would represent the entirety of 
nationally determined contributions of all countries in the Middle East region. 

However, any such estimates should be treated with considerable caution, as 
the carbon sequestration potential of vegetation in arid- and hyper-arid envi-
ronments is poorly studied, and there is considerable uncertainty associated 
with such numbers. Indeed, a 3ºC warmer world delivering a drier and more 
arid climate will impose serious challenges to the success of any restoration 
initiative. To ensure that positive outcomes are maximized, the selection of 
species must consider both their habitat requirements under future climat-
ic conditions as well as the ecosystem services that they will provide. Given 
these constraints, a key performance metric should focus on the delivery of 
improved ecosystem resilience and biodiversity outcomes, as opposed to 
using carbon sequestration as a primary criteria to guide success. 

Urban landscapes can also benefit from vegetation enhancement efforts. 
Proposed urban tree planting schemes should be scaled up and deployed 
throughout Saudi Arabia and beyond large cities, as this will be a major lever 
to adapt urban systems to a warmer world, while improving the health and 
livelihoods of their inhabitants. Given increasing constraints on water avail-
ability, these actions should be accompanied by the deployment of appro-
priate infrastructure to augment the irrigation of planted trees with water not 
appropriate for human use, including treated wastewater and water harvest-
ed from storms[20].

Climate Futures Report
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The preservation and restoration 
of dryland ecosystems, together 
with its monitoring, is needed 
to ensure resilience and the 
manteinance of Saudi Arabia’s 
unique natural environment.	
	
Saudi Arabia’s unique natural 
environment will face additional 
pressures under projected climate 
changes. Restoration strate-
gies will need to consider the 
interlinked elements that make 
up a healthy and functioning eco-
system, from microbial and insect 
communities, to soil biocrusts, 
grasslands and shrubs. Relieving 
anthropogenic pressures such as 
unsustainable water extraction 
and land degradation will be 
critical.
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Ecosystem restoration actions in Saudi Arabia will need to consider the use 
of organisms other than vascular plants. Biocrusts, communities formed by 
photoautotrophic (algae, lichens, cyanobacteria, liverworts, and bryophytes) 
and heterotrophic (bacteria, fungi, protozoa, and nematodes) soil organisms, 
hold considerable potential for the restoration of desert environments, as 
they have very low water requirements (compared to vascular plants) and 
prevent soil erosion and aeolian dust production[21]. These top-soil communi-
ties can also increase soil carbon stocks and affect nitrogen cycling at large 
scales[22], and serve as habitats for a myriad of soil organisms. Despite their 
potential importance in the region, there is a lack of detailed knowledge of 
the organisms forming biocrust communities, their distribution and potential 
to restore degraded habitats and mitigate climate change in the region[23]. 

One of the key mechanisms towards protecting Saudi Arabia’s terrestrial 
ecosystems is the control of livestock grazing. Livestock grazing, and over-
grazing in particular, is a major source of land degradation. Under a warmer 

FIGURE 2 ↓

The preservation and restoration 
of dryland ecosystems, together 
with its monitoring, is needed to 
ensure resilience and the mantein-
ance of Saudi Arabia’s unique 
natural environment.
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climate, the negative effects of increasing grazing pressure are expected to 
be exacerbated[24]. Livestock exclusion areas can significantly enhance the 
cover, diversity, and richness of species[25], and their strategic use can be an 
important biodiversity conservation tool. To improve their effectiveness, the 
implementation of these areas must consider local environmental knowl-
edge and traditional ways of managing the land. The use of traditional ap-
proaches when establishing protected and grazing-exclusion areas can have 
far-reaching implications for the preservation of biodiversity and the sustain-
able use of natural resources under a changing climate[26]. 

Repairing Natural Systems

Ecosystems across Saudi Arabia will be impacted by climate changes, par-
ticularly those where projections indicate increased temperatures and de-
creased rainfall. Natural systems are interlinked entities, with complex feed-
backs and interdependencies, so any disturbance to one element is likely to 
propagate throughout. As such, any measures directed towards protection, 
restoration or enhancement must be implemented in an integrated manner 
and tailored to the specific characteristics of Saudi Arabia’s unique ecosys-
tems. Cooperation between stakeholders, including government, non-gov-
ernmental organizations, the private sector, and the local community is par-
amount when deploying targeted actions. In parallel, the development of 
educational programs and awareness campaigns on climate change impacts 
and the importance to maintain and restore terrestrial ecosystems will be key. 
Underlying these actions is the implicit message that the faster a nation can 
adopt a low-carbon lifestyle, the less likely the impacts of climate change will 
cascade to become unmanageable. 

Climate Futures Report
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“While the Red Sea stands 
out as a sanctuary for some 
of the most resilient marine 
ecosystems globally, both the 
Red Sea and the Arabian Gulf 
have been experiencing mounting 
anthropogenic pressures, posing 
threats to resilient ecosystem 
refugia.” 
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Marine Ecosystems

Saudi Arabia stands as the guardian of some of the world’s most unique and 
significant marine ecosystems. Mangroves, seagrass meadows, saltmarshes 
and coral reefs have co-evolved not only to survive but also thrive in the face 
of challenging environmental extremes, contributing to crucial ecological and 
economic functions in the region. The Red Sea is home to some of the world’s 
most resilient coral reefs. This positions it as a precious treasure for humanity, 
especially considering the rapid decline and potential functional extinction 
of coral reefs worldwide. These globally important marine ecosystems play 
a pivotal role in the reproduction and sustenance of numerous commercially 
valuable marine species, while enhancing the genetic diversity and complex-
ity of marine life and services, including fostering resilient organisms adapted 
to the local extreme conditions. The Kingdom’s ongoing ambitious efforts to-
wards sustainable growth, coupled with substantial investments in projects 
like NEOM and Red Sea Global, will depend in large part on the preservation 
and protection of these vital marine ecosystems.

Prof. Raquel Peixoto, Prof. Carlos Duarte
Red Sea Research Center, Biological and Environmental Sciences and Engi-
neering (BESE), King Abdullah University of Science and Technology (KAUST), 
Saudi Arabia

Chapter 04
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State of the Red Sea and Arabian Gulf

The diversity, abundance, and resilience of marine organisms inhabiting the 
region’s coastal and marine ecosystems hold significant cultural, ecological, 
and economic value to Saudi Arabia[1]. Indeed, these ecosystems are central 
to sustaining seafood resources, which support a range of local and region-
al industries and livelihoods, while providing invaluable ecological services, 
such as primary production, nutrient cycling, and sedimentation and erosion 
control, which in turn facilitate local economic development[2]. They play a 
crucial role in carbon sequestration, mitigating the effects of climate change 
by absorbing carbon dioxide from the atmosphere. Their inherent value can 
also be traced back to historical utilization by human populations, and they 
continue to play a role in current and future economic diversification efforts, 
including Vision 2030.

The Red Sea and Arabian Gulf represent distinct portions of the western In-
do-Pacific Ocean. They are also characterized by extreme conditions that 
impose challenges on even the most resilient organisms. Although being rel-
atively shallow (40% of the Red Sea is less than 100 m, while the mean depth 
of the Arabian Gulf is only 35 m), spanning a wide range of water temperature 
(15–36°C), and having low freshwater and nutrient inputs that are coupled with 
high evaporation rates[2–4], they host and support a remarkable diversity of 
marine ecosystems. 

While the Red Sea stands out as a sanctuary for some of the most resilient 
marine ecosystems globally[5,6], both the Red Sea and the Arabian Gulf have 
been experiencing mounting anthropogenic pressures, posing threats to re-
silient ecosystem refugia. Pollution from shipping traffic, oil and gas produc-
tion, plastics and other waste is impairing water quality, biological function 
and chemical integrity. Warming oceans, rising sea levels, marine heat waves 
and the many interrelated consequences of a changing climate place further 
pressure on all marine organisms.   

The Arabian Gulf ranks among the most degraded marine ecosystems of 
the Anthropocene, caused primarily (or exacerbated by) intensive dredging 
and pollution[2,7]. As a consequence, many organisms native to the region are 
now categorized as “critically endangered” by the International Union for the 
Conservation of Nature (IUCN). Overfishing, pollution and deep sea mining 
are also significant threats to marine ecosystems in the Red Sea. More than 
one-third of chondrichthyan, the group of fish that includes sharks and rays, 
is threatened by overfishing globally, reflecting a trend that is exacerbated in 
tropical and subtropical areas like the Red Sea[8].

The combination of anthropogenic and climate related impacts pose a com-
pound risk to the health of the region’s marine ecosystems, as well as to the 
viability of the many social and economic activities they support.

Climate Futures Report

FIGURE 1 →

Anemone bleaching observed in 
the Red Sea.

Corals are not the only organism 
threatened by the consequences 
of climate change. Here we see an 
example of anemone bleaching 
observed in the Red Sea in 2022 
(Al-Fahal, Coral Probiotics 
Village).  
Photos by Morgan Bennett-Smith 
(top) and Helena Villela (bottom).
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FIGURE 1 

Anemone bleaching observed in the Red Sea.
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Climate Related Drivers of Change

Although not exhaustive, the following provides an overview of some of the 
anticipated impacts on Saudi Arabia’s marine environment under a state of 
continued anthropogenic and climate-related pressure. 

Sea Surface Temperature
Global warming-induced temperature changes represent a clear and 
present threat to the region’s marine ecosystems. Recent studies have 
identified Red Sea surface temperature increases of 0.17°C per decade, 
which is nearly 60% greater than the global average[9]. Warming in the 
northern portions of the Red Sea is even greater, approaching 0.45°C 
per decade. Overall trends reflect a latitudinal gradient of increasing 
temperatures from north to south, with the southernmost regions ex-
hibiting the highest maximum temperatures. For the Arabian Gulf, tem-
perature changes have exceeded those seen in the Red Sea, with tem-
perature increasing by 0.59°C per decade from 1982 to 2020[10]. This is 
likely a result of shallower water depths.

While climate models reflect a range of uncertainties (Chapter 2), pro-
jections of increased sea surface temperatures are a certain outcome 
globally, although with considerable regional- and local-scale variation. 
The uncertainty in this region is due in large part to the complexity of 
natural variations in ocean-atmosphere interactions, including those re-
lated with the Indian Ocean Dipole, the El Nino Southern Oscillation, as 
well as other global scale teleconnections. A lack of high-resolution spa-
tio-temporal climate models also poses a challenge for the development 
of plans suitable for local and regional adaptation and mitigation. As a 
pertinent example, the record ocean temperatures observed globally 
in 2023 were far above expected levels (FIGURE 2), and caused sudden 
and massive coral bleaching and mortality of coral reefs in Florida, the 
Red Sea and elsewhere. Such outliers highlight both the prediction limit 
of current global climate models, and the amplified impact that climate 
extremes are already having at both local and regional scales (FIGURE 4).

Marine Heatwaves 
While even gradual changes in sea surface temperature will induce 
stress to the health and resilience of marine ecosystems, it is the onset 
of sudden and extreme events that pose the greatest short-term risk. In-
creasing sea surface temperatures and the subsequent rise in so-called 
“marine heatwaves”, pose significant threats to marine ecosystems. Re-
cent studies have shown that there has been an increase in both the 
frequency and length of marine heatwaves over the past century, with 
a 54% increase in annual marine heatwave days globally between 1925 
and 2016[11]. Although less studied, the trend of increasing heatwave oc-
currence is consistent with reports focusing on the Red Sea[12].
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FIGURE 2 →

Daily global average sea surface 
temperatures.

Source: ClimateReanalyzer.org
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FIGURE 3

Coral bleaching event observed in the Red Sea in 2023 (Al-Fahal, Coral 
Probiotics Village).
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One of the most evident impacts of these temperature spikes is coral 
bleaching, which happens when corals stressed by too-warm waters 
expel their symbiotic algae, causing them to turn white[13]. While coral 
reefs are the most glaring example of an endangered ecosystem, the 
onset of sudden temperature increases are felt across the marine eco-
system. Sponges may be sensitive above a certain temperature thresh-
old[14], while rapid changes in temperature can induce thermal stress 
across species, triggering mass mortality events in coral reef fish, kelp 
forests and other marine organisms[15]. The lack of long term monitoring 
and data regarding climate impacts on the range of marine organisms 
inhabiting the Red Sea and Arabian Gulf represents a major knowledge 
gap and source of uncertainty, raising the prospect that they may al-
ready be undergoing significant change. 

Ocean Acidification
The ocean acts as a major sink for CO2, absorbing around 30% of the 
emissions released into the atmosphere. Just as atmospheric concen-
trations have risen in sync with increasing anthropogenic CO2 emis-
sions, so has the amount of CO2 being dissolved into the ocean. This in-
creased uptake causes subtle changes in the water chemistry balance 
of the ocean, increasing the concentration of free hydrogen ions and 
making the ocean slightly more acidic. An impact of this “acidification” 
is that it reduces the availability of carbonate ions: the essential building 
block for coral reefs, shellfish and other shell-forming marine animals. 

The Red Sea and Arabian Gulf experience levels of ocean acidification 
that are generally comparable to other global oceans and seas. While 
specific regional processes like high rates of evaporation and limited 
freshwater influx can modulate local pH levels, projections generally 
point towards increasing acidification due to rising atmospheric CO2 
concentrations[16]. It is important to note that reduced pH levels do not 
just affect calcification rates. Other harmful consequences to marine 
life range from lowered immune responses and depressed metabolic 
rates, to the disruption of entire food chains. 

Salinity Changes
The Red Sea and Arabian Gulf are characterized by salinity levels no-
tably higher than most global oceans and seas due to intense evapo-
ration, limited freshwater inflow, and restricted water exchanges with 
adjacent marine bodies. Additionally, brine discharge from the many 
coastal desalination plants can contribute to localized and elevated 
changes in salinity[17]. While the average salinity of the ocean is 35 psu 
(practical salinity unit), the Red Sea and Arabian Gulf have salinities 
ranging from 36 to 42 psu. Projections indicate increases in salinity due 
to the combined effects of changes in evaporation and precipitation, in 
addition to brine discharge[18]. However, even under the high-emissions 
SSP5-8.5 scenario, increases in basin-scale salinity are anticipated to 
stay below 1 psu. 

Marine Ecosystems

← FIGURE 3 

Coral bleaching event observed 
in the Red Sea in 2023 (Al-Fahal, 
Coral Probiotics Village).

Photos by Morgan Bennett-Smith
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Nevertheless, while increasing salinity levels are known to affect a range 
of ocean physical processes, including stratification, oxygenation and 
density driven flows, their impact on biological and ecosystem function 
remains poorly understood[19]. The potential for cascading impacts as-
sociated with increases in ocean warming (which acts to increase sa-
linity) and ocean acidification (which is affected by increased salinity), 
highlights the importance of understanding how these stressors may 
combine to affect and alter marine ecosystems. 

Sea Level Rise
Sea level rise has the potential to modify coastal habitats, impact-
ing crucial ecosystems such as mangroves, seagrass beds, and salt 
marshes that serve as sanctuaries for numerous marine species. While 
certain organisms might adjust or relocate in response to climate-re-
lated shifts, the overarching implications of sea level rise for many eco-
systems remain uncertain. Both mangroves and seagrasses possess 
mechanisms to counteract gradual sea level rise by accumulating sed-
iment and elevating themselves. Similarly, coral reefs can grow vertical-
ly to some extent. However, a recent global study reported that wide-
spread retreat of coastal habitat is likely if global warming levels reach 
1.5°C above pre-industrial times[20]. Sea level rise also has obvious im-
pacts on the terrestrial boundaries of the oceans, affecting coastal eco-
systems, urban infrastructure, and bringing a range of increased risks 
to human settlements. It also brings other associated effects, such as 
alteration of currents and circulation patterns, and changes in water 
depth and tidal range, all of which have interlinked effects on the broad-
er ocean system. 

Climate Futures Report

Tarut Bay, Saudi Arabia, May 18, 
2013, NASA
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Hypoxia
Hypoxia refers to conditions where oxygen concentrations in water 
are critically low, endangering a variety of aquatic organisms. Hypoxia 
can be caused by a range of both anthropogenic and climate-related 
changes, including warming-induced decreases in oxygen solubility, 
accelerated respiration, and increases in water column stratification, as 
well as coastal eutrophication. In the Red Sea and Arabian Gulf, high 
brine discharge from desalination plants represents another contribut-
ing factor. Even slight changes in ocean oxygen levels can impact ma-
rine organisms, inducing stress and affecting marine biodiversity and 
ocean ecosystems, and shifting the balance between hypoxia-tolerant 
species (e.g., some microbes and jellyfish) and hypoxia-sensitive spe-
cies (e.g., fish); the consequences of which remain unclear.   

Consequences of Change on Marine Ecosystems

While rapid and increased urbanization over the last several decades has 
taken an observable toll on the region’s marine ecosystems, climate change 
is exacerbating and amplifying many negative outcomes. Despite the per-
ceived resilience of Saudi Arabia’s marine and coastal ecosystems, they are 
likely to remain highly vulnerable to both global and local changes: particular-
ly within the context of a 3°C warmer world. 

Coral Reefs 
Coral reefs, and the multitude of organisms that they support, are the 
maritime version of “canaries in the coal mine”, and serve as vital indi-
cators of ocean health and condition[21]. While comparatively more pre-
served than many systems worldwide, coral reefs within the Red Sea 
region have not been spared from global climate changes. Emerging 
impacts, such as an increased incidence of coral diseases, forewarn of 
potential consequences resulting from both local and global stressors. 
Marine heatwave induced bleaching, with consecutive events making 
recovery challenging. Combined with ocean acidification, both act to 
impair the underlying carbonate-based structure of coral reefs. The 
rapid and consistent decline of these fragile ecosystems represent a 
significant global challenge, not only jeopardizing their very existence, 
but also endangering the range of interdependent organisms that rely 
upon them[13]. With projections indicating that just 1% of all corals may 
survive an increase of 2°C in global average temperature[13, 22] (Figure 2), 
there is an increased urgency to protect and preserve these invaluable 
ecosystems.

Mangroves, Seaweeds, Seagrasses and Salt Marshes
Marine vegetated habitats, comprising mangroves, seagrasses, sea-
weeds and salt marshes, occupy the intertidal zones of coastlines 

Marine Ecosystems
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Combined effects of global and local impact on Saudi Arabia’s marine 
ecosystems.
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around the world, extending from the shore to shallow depths of the 
ocean. Marine vegetation supports a range of ecosystem services, in-
cluding acting as nurseries for marine species, delivering food and nutri-
ents to support marine function, as well as bringing stability to coastlines 
from erosion and extreme events[23]. They also act as some of the most 
intense sinks of carbon in the biosphere, with seagrass meadows and 
mangrove forests in particular recognized as some of the most efficient 
carbon storing ecosystems, with estimates suggesting they may ex-
ceed the sequestration capacity of tropical forests (on a per area basis). 

Similar to anticipated changes in terrestrial ecosystems (Chapter 3), 
there will be both direct and indirect effects of climate change on marine 
vegetation. Increases in water temperature and sea level rise enhance 
the risk of alterations in plant productivity and function, as well as drive 
potential shifts in marine vegetation distribution and extent. Importantly, 
while changes may not be felt across all vegetation communities equal-
ly, interdependencies means that disturbances are likely to propagate. 
For instance, while mangroves may be able to adapt to sea level rises 
through landward expansion, such shifts may impact important bio-
geochemical and ecological function and roles in other colocated and 
linked habitats, including in seagrass meadows and saltmarshes[24]. 

While anthropogenic pressures have severely impacted marine vege-
tated habitats globally, their overlooked role as “blue carbon” sinks has 
driven a renewed focus on preservation and restoration[25]. As an exam-
ple, the decline in the extent of mangrove systems globally provides an 
obvious indicator of change, albeit with some promising signs of recov-
ery[26]. Local studies along the Red Sea have highlighted the impact of 
recent afforestation efforts, resulting in a net expansion of mangrove 
cover[27]. However, this is set against a backdrop of mangrove commu-
nities that were decimated over the 20th century. While the impacts of 
climate change may affect marine vegetation in both positive and neg-
ative ways, the region’s arid coastlines will need to overcome increased 
salinity levels, limited freshwater supplies and nutrient input, as well as 
temperature thresholds that affect physiological function[28].  

Marine Life
Cataloging the diversity of marine life that inhabits the aquatic envi-
ronment is an impossible task, particularly since most species remain 
undescribed. That challenge is made all the more difficult by the fact 
that there exists a general lack of knowledge on the diversity, distri-
bution and abundance of life inhabiting the marine environment, both 
locally and globally. As such, identifying the entirety of marine species 
that inhabit the Red Sea and Arabian Gulf, and establishing individual 
responses to climate change, borders on the futile. 

Still, there are anticipated consequences of climate change that are 
likely to influence the health and diversity of marine life now and into the 
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← FIGURE 4

Combined effects of global and 
local impact on Saudi Arabia’s 
marine ecosystems.

The combined effects of global 
and local impacts have caused the 
loss of 30% of global reef cover 
(top), with projections suggesting 
that this may increase to 99% 
if average global temperatures 
exceed 2°C. A plan to save 
coral reefs was proposed by the  
International Coral Reef Society 
(ICRS), based on three equally 
important pillars to prevent 
further loss, which include: 
(A) the immediate reduction of 
CO2 emissions; (B) the urgent 
mitigation of local impacts (e.g., 
by managing fish stocks or im-
proving water quality); and (C) the 
active restoration/rehabilitation 
of coral reefs. The three pillars 
are interdependent. Source [22].
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future[24]. At the global scale, factors such as rising sea temperatures, 
shifts in salinity and ocean acidification that are described earlier have 
already impacted habitats and migratory patterns[29]. It is important to 
also consider that while climate change poses an undeniable threat to 
all marine life, the existing threats posed by overfishing and fishing by-
catch, together with habitat loss from pollution, eutrophication, coastal 
development, boat traffic, or oil and gas exploration, continue to threat-
en the current stability of both our local and global natural systems[30]. 

With this context, this contribution can only offer a broad overview of cli-
mate change related impacts on “marine life”. Similarly, there can be no 
obvious separation between the impact that climate change will have 
on marine habitats, such as those provided by coral reefs, mangroves 
and other marine vegetation systems, and the species they support. A 
collapse in one will almost certainly drive a collapse in the other. Indeed, 
the high levels of endemism among marine species found in the region 
represent an additional challenge due to the increased risk of extinction 
of local organisms, and their unique associated microbiomes[31], driven 
by overfishing, coastal development, global change, and pollution.

Future Risks and Challenges

Saudi Vision 2030 places significant value on the protection, restoration and 
creation of marine ecosystems over their destructive exploitation. While di-
versifying the economy, Giga projects will increase the number of people liv-
ing or visiting coastal areas in Saudi Arabia, placing an additional burden via 
waste generation and disposal, water desalination and energy consumption, 
as well as add pressure to the overuse of local resources. To manage this, it 
is imperative that such developments proceed in a sustainable manner, so as 
not to impose further stress on a system already under considerable strain. 
The foundation of sustainable development lies in recognizing that the health 
of the environment, humans, and all other organisms are interdependent and 
connected. Ultimately, the long-term success of any economic diversification 
efforts will be inextricably linked to the health of Saudi Arabia’s marine eco-
systems. 

Some key actions will be required to ensure the continued health and sus-
tainability of the region’s invaluable marine ecosystems and the preservation 
of these for future generations:

	■ Local governance needs to be strengthened by equipping local au-
thorities and stakeholders with the necessary scientific background, 
resources, and support to manage and protect marine ecosystems ef-
fectively and continuously. 

	■ Given the transboundary nature of marine ecosystems, international 
collaboration will also be required. As such, Saudi Arabia must effec-

Climate Futures Report
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tively and proactively engage in collaborative efforts with neighboring 
countries and international organizations. 

	■ Investments in research and innovation in marine ecology, restoration, 
rehabilitation, monitoring, and sustainable development are also cru-
cial to enhance the Kingdom’s understanding of marine ecosystems, 
and should also include alternative (and often more docile, albeit over-
looked) targets for rehabilitation, such as microbiomes[32]. Such techno-
logical development will also provide urgent and innovative solutions to 
address and mitigate local and global environmental challenges. 

	■ In parallel, environmental awareness campaigns to engage the public 
can instill a sense of responsibility and ownership for marine conser-
vation efforts. Encouraging sustainable practices and responsible con-
sumption will further support the goals of Saudi Vision 2030. 

	■ Implementing economic incentives and rewards for businesses and 
industries that prioritize sustainability and responsible resource man-
agement may also boost a shift towards eco-friendly practices that can 
positively, and effectively, impact the climate trajectory.

Preventive and conservative planning will be imperative for Saudi marine 
ecosystems to be retained. This presents an opportunity to set a benchmark 
for sustainable development that can be incorporated into the global race 
to save threatened biodiversity. While most coastal development models are 
based on the use and exploitation of marine resources, a shift towards priori-
tizing ecosystems as the keystone of any such developments will be the most 
strategic, cost-effective, and sustainable way forward[1]. 

Recent studies projecting the repercussions of business-as-usual tempera-
ture increases on marine ecosystems paint a daunting picture of mass ex-
tinctions and ecosystem collapse resulting from ocean warming and oxygen 
depletion alone[33]. Yet they also highlight the possibility of avoiding catastro-
phe via targeted action to reduce global emissions. Likewise, avenues for re-
building marine life and the ecosystems that support them exist[34], but need 
to be explored and implemented now to avoid a future that risks humanities 
survival.

Marine Ecosystems
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“Climate and geopolitical risks 
are amplifying existing challenges 
in water and food security in 
Saudi Arabia, a country where 
food production is under ever-
increasing pressure due to 
depleting groundwater and 
environmental degradation.”
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Food and  
Water Security

Saudi Arabia’s arid climate, coupled with the compounding effects of climate 
change and anthropogenic factors, poses significant challenges to its water 
and food security. Saudi Arabia is warming at a rate that is faster than most 
other countries in the world, including those within the MENA region. These 
temperature increases are not uniformly distributed, with the eastern regions 
of the Arabian Peninsula warming faster than those along the southern and 
western coastlines. Continued changes in temperature projected through-
out the 21st century will have direct impacts and influences on Saudi Arabia’s 
water security and food production. Given the interconnectedness between 
the water and food sectors, these impacts will have both a local and global 
origin. While pressures on limited national water resources will become more 
severe, global patterns of unsustainable groundwater use will also impact in-
ternational food trade. Characterizing these trends, even if imperfectly, will 
provide an avenue for planning and management to help deliver a more sta-
ble and secure future.

Prof. Yoshihide Wada, Prof. Matthew F. McCabe
Climate and Livability Initiative, Biological and Environmental Sciences and 
Engineering (BESE), King Abdullah University of Science and Technology 
(KAUST), Saudi Arabia
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Available Water Resources

In 1980, approximately 10 billion cubic meters of water was being used in 
Saudi Arabia across all sectors. Today, that value has more than doubled, due 
in large part to the over-exploitation of stressed groundwater resources to 
support an expanding agricultural sector. Current annual water consumption 
for combined domestic, industrial, and agricultural usages is estimated at 23 
billion cubic meters[1].

As Saudi Arabia does not have any permanent rivers or lakes, there has been 
considerable efforts to augment supplies by capturing available rainfall, with 
more than 500 dams built around the country, and a much larger number un-
der consideration for future construction. These dams facilitate the capture, 
storage and recharge of surface runoff from rainfall, providing a potential ca-
pacity of 2.3 billion cubic meters.

Groundwater provides a critical component of Saudi Arabia’s water budget. 
However, quantifying the volume of non-renewable groundwater resources 
stored below the nation’s deserts remains challenging, with available estimates 
providing an uncertain range of between 250 to 800 billion cubic meters. What 
is more certain is that these groundwater systems receive only a small amount 
of annual recharge, with studies suggesting less than 1 billion cubic meters[2]. 
Most importantly, the rate at which groundwater resources (aquifers) are being 
recharged does not reflect the speed at which they are being depleted.

Recent estimates for groundwater extraction, which are used to support in-
tensive agricultural expansion, routinely exceed 18 billion cubic meters on an 
annual basis[3]. As a consequence, it is estimated that 80% of Saudi’s fossil 
groundwater has already been depleted[4]. Given current rates of withdrawal, 
even optimistic projections suggest that these non-renewable water supplies 
could be severely compromised or even exhausted within the next 50 years[5].

With agricultural activity rapidly depleting non-renewable groundwater re-
sources, the national water account has needed to adapt accordingly. Large-
scale desalination is the only viable option to offset changes in supply, or sup-
port any increase in demand due to anticipated population growth. Indeed, 
Saudi Arabia’s desalination capacity has doubled over the last decade, rising 
from 1.1 billion cubic meters per year in 2010 to 2.2 billion cubic meters in 2021. 
Currently, desalination of seawater provides 50% of the nation’s drinking wa-
ter, with groundwater providing 40%, and surface water from the southwest’s 
mountainous region accounting for the remaining 10%[6].

Food Security in a Changing Climate

Saudi Arabia has witnessed a dramatic growth in its agricultural sector over 
the last several decades. As a deliberate action towards attaining some form 

FIGURE 1 →

Progression of agricultural field 
growth over the last three decades 
in Al Jouf, north of Saudi Arabia.

Saudi Arabia has witnessed a 
rapid expansion in its agricultural 
sector. Recent studies indicate 
that there are more than 30,000 
center pivot fields distributed 
throughout the country, with 
this example from Al Jouf in the 
north of Saudi Arabia, showing 
the progression of field growth 
over the last three decades. Such 
growth has had a dramatic impact 
on groundwater resources, rapid-
ly reducing these non-renewable 
supplies and threatening national 
water security.
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Progression of agricultural field 
growth over the last three decades 
in Al Jouf, north of Saudi Arabia.

of food security, agricultural growth has been delivered via the conversion of 
large tracts of desert into productive farmland. Driving this conversion has 
been the unsustainable mining of groundwater for irrigation.

Until recently, agricultural production focused heavily on grain crops such as 
wheat, corn, sorghum, barley and millet, as well as a variety of fruits and veg-
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etables. In recent assessments, arable land in the Kingdom was estimated to 
cover approximately 3.4M ha (1.7% of total area[7]), of which around one third 
were being actively used for agriculture (1.18M ha[8]). Much of this arable land 
is under sustained pressure from various forms of degradation, with soil sa-
linity from over-irrigation and low rainfall a major concern.

Increases in temperature have a direct consequence on agricultural water 
demands, with studies projecting changes of between 5–15% in the water 
required to maintain current levels of agricultural production under a 2-4°C 
warming scenario[9]. With more than 90% of crops in Saudi Arabia under ir-
rigation sourced from depleting groundwater reserves, impacts on yield are 
anticipated from any reduction in water availability or quality.

Agriculture is extremely sensitive to changes in climate variables, and any 
variations, particularly in the extremes (Chapter 2), can have severe effects 
on productivity. Studies exploring changes in temperature and rainfall pat-
terns in Saudi Arabia have projected more than 10% reductions in the yields 
of wheat, barley, date, and vegetables[10,11]. These impacts are compounded as 
the land available for traditional agriculture is fixed, with little to no scope to 
increase agricultural production by new areas under cultivation.

Given the proximity to surrounding marine systems (Chapter 4), aquaculture 
forms a critical component of the country’s strategy to increase food produc-
tion. With the establishment of a National Aquaculture Group in 1982 (NAQUA), 
Saudi Arabia charted a path towards becoming a global seafood producer. To-
day, NAQUA is one of the world’s largest fully-integrated marine farms, special-
izing in shrimp and fish production and producing over 100,000 tons of ma-
rine products. The Saudi government aims to increase seafood production to 
600,000 tons by 2030 with a projected investment of 3.5 billion USD. However, 
ocean warming and sea level rise pose (Chapter 4)  a significant threat to ma-
rine aquaculture, while coastal eutrophication, algal blooms, increasing salinity, 
and extreme weather bring further pressure on the so-called ‘blue’ food pro-
duction, highlighting the interconnected risks of climate change.

Any reduction in agricultural or aquaculture production, whether locally or 
internationally, will inevitably see a rise in the prices of food and non-food 
commodities, directly affecting socio-economic factors. As Saudi Arabia 
sources more than 80% of its food supply from international markets, any 
global shocks due to climate change (or geopolitical instability) will amplify 
the threats to food and nutritional security.

Interconnected Risks to Water and Food Security

As with any nation, water and food security is a matter of utmost concern. 
Since most of Saudi Arabia’s food commodities are imported, identifying 
strategies that diversify sources and that can absorb anticipated disruptions 

Climate Futures Report



79

in global food supply is of paramount importance. As an example, Saudi Ara-
bia initiated several programs during the 1970s to protect against its expo-
sure to fluctuations in food supply from major international food markets. To 
do this, the Kingdom exploited its natural reserves of groundwater aquifers, 
while also introducing generous agricultural subsidies, particularly for the cul-
tivation of wheat and alfalfa. The program delivered a phenomenal growth in 
the production of staple foods, meat, and dairy products, while substantially 
reducing food imports.

In relative terms, this drive for food security was a considerable success, in 
that self-sufficiency was rapidly achieved and the Kingdom became a net ex-
porter: at one point the world’s sixth-largest wheat exporting country during 
the 1990s. However, the economic implications of subsidization, combined 
with the unsustainable use of water, came at a considerable cost, and these 
programs were gradually phased out.

In 2009, the Saudi Agricultural and Livestock Investment Co. (SALIC) was es-
tablished with a mandate to secure sources of international food supplies in 
order to maintain stability in the local market and to avoid food shortages. 
SALIC has led agricultural partnerships and investments in Argentina, Aus-
tralia, Brazil, Canada, the United States and many other nations around the 
world, identifying priority regions for investments in various grains and red 
meat. Such plans are realized via a combination of direct investment, land 
purchase, mergers and acquisitions, and the establishment of local compa-
nies in foreign countries.

Food and Water Security
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Saudi Arabia’s wheat imports (arrows coming to Saudi Arabia), averaged 
from 2019-2021,�as sourced from major groundwater consuming countries.
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In effect, Saudi Arabia has sought to outsource food production as a means 
to counter the constraints imposed by reduced water availability, challenging 
climate conditions, and poor-quality soils: aspects that are all likely to be ex-
acerbated under a changing climate. However, the approach is not without 
its own risks and challenges. As witnessed with the current conflict between 
Russia and Ukraine, many countries including those within the MENA region, 
have been severely affected by uncertainties in the supplies of wheat, corn, 
and cooking oils sourced from eastern Europe. Following the start of hos-
tilities in 2022, the international wheat commodity price jumped more than 
50%. Such price fluctuations can perturb the global supply for many months, 
as crop reserves to buffer such shocks are generally limited to less than a 
year.

Under the most recent national agricultural strategy, Saudi Arabia is plan-
ning to substantially increase the domestic production and stock of wheat 
to counter a potential risk in international food trade. However, it remains a 
short-term fix, as this will add further pressure to Saudi Arabia’s limited wa-
ter resources and the long-term viability of fossil groundwater reserves. Im-
portantly, this is not just a Saudi specific problem. Major international food 
producers and consumers, including the USA, Mexico, India and China, are 
exposed to the same risk, since they either produce or import food irrigated 
from regions with rapidly depleting aquifers[12].

Water Resource Challenges and Opportunities

As one of the world’s driest and most freshwater-stressed countries, conven-
tional water management is a perennial challenge for Saudi Arabia. Water is 
derived from four main sources: 

	■ Groundwater, which is mostly pre-Holocene, is not being actively replen-
ished, and is decreasing rapidly due to intensive agricultural irrigation; 

	■ Desalinated seawater supplied via modern, high-tech desalination 
plants, albeit at a significant energy and greenhouse gas producing cost; 

	■ Renewable surface waters collected from several large dams;
	■ Wastewater treatment and reuse, albeit at limited scales and volumes.

Collectively, the countries of the Gulf Cooperation Council (GCC) account for 
around 60% of desalinated water production globally. In Saudi Arabia, the 
world’s largest producer, 2.2 billion cubic meters is produced annually from 
more than 30 desalination plants. Advances in technology have substantially 
reduced the cost of desalination, with the most efficient plants operating at a 
water production cost approaching 0.50 USD per cubic meter.

With planned capacity expected to rise in the coming years to meet growing 
domestic, industrial and agricultural needs, it is important to note the ener-

← FIGURE 2 

Saudi Arabia’s wheat imports 
(arrows coming to Saudi Arabia), 
averaged from 2019-2021,�as 
sourced from major groundwater 
consuming countries.

Saudi Arabia’s wheat imports, 
averaged from 2019-2021, as 
sourced from major groundwater 
consuming countries. Many of 
these countries have vulnerable 
aquifers, including karstic and 
complex aquifer systems, that are 
under pressure from unsustain-
able extraction. By courtesy of 
Dr. Michael J. Puma (Columbia 
University).
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gy intensive nature of the process. In terms of greenhouse gas emissions, 
desalination contributes an average of 15.2 kg of CO2 for every cubic meter 
of desalinated water, representing nearly 20% of the Kingdom’s total emis-
sions[13]. It is expected that an increasing trend towards reverse osmosis driv-
en desalination will reduce this contribution significantly.

Under a 3°C warmer world, higher water and air temperatures, salinity, and 
the pH of seawater will all affect production and increase the energy demand. 
Harmful algal blooms resulting from increasing ocean temperature and salin-
ity pose an operational risk for desalination plants, due to the increased bio-
mass load on filters and chemical contaminants that the algae can produce. 
At the same time, increasing air temperatures affect desalination (and other 
industrial processes) via a reduced capacity for cooling, further impacting the 
efficiency and cost of production.

Under the 2023 National Water Strategy[2], Saudi Arabia is investing in waste-
water reuse and associated technology. Although current rates of water reuse 
are relatively low in global terms, with about 20% of the 2 billion cubic meters of 
wastewater collected and treated being reused each year in the Kingdom, Sau-
di Arabia has set an ambitious goal to become the third largest market for wa-
ter reuse in volume globally (after the United States and China). Current plans 
have set guidelines for the reuse of around 80% of the treated wastewater for 
all cities with a populace of more than 5000 people by 2030, with considerable 
investment directed towards sewage collection and treatment infrastructure.

Climate Futures Report
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A Water and Food Secure Future

The agricultural and aquaculture sector contributed around 27 billion USD to 
the national GDP of Saudi Arabia in 2022, representing approximately 2-3%. 
Over a similar time period (2020-2021), the sector grew at a rate of 7.8%[14]. 
Given the central role it plays across all aspects of society, it is no surprise that 
it is one of the fastest-growing sectors in Saudi Arabia. However, persistent 
challenges remain and there are further impacts on the horizon, stemming 
from the combination of an inhospitable climate, reduced water availability, 
poor quality soils, and a reliance on food importation. Indeed, the food sector 
is one of the most sensitive to climate change variability, highlighting the ur-
gent need for adaptation and mitigation strategies.

To address these challenges, the food and water sector will need to abandon 
unsustainable practices and embrace innovative water-saving technologies, 
such as hydroponics, greenhouse farming and seawater harvesting as exam-
ples. The adoption of other more lifestyle-based dietary options can also act 
to increase resilience in food supplies. In the Middle East, plant-based eat-
ing and alternative proteins has been steadily rising[15]. More generally, vegan, 
flexitarian, and pescatarian diets all offer major health benefits[16], while act-
ing to reduce the environmental impacts of food production and consump-
tion. Dietary patterns with reduced environmental impact are also linked to 
improved land use and reduced fertilizer consumption, reversing land degra-
dation trends. Even the introduction of feed supplements that reduce enteric 
greenhouse gasses in cattle, offer opportunities to reduce the environmental 
impact of the animal-based food sector.

While exploring new sources of proteins and plant-based diets offer many 
gains, there is an urgent need to tackle food waste in Saudi Arabia. Recent 
studies suggest that more than one-third of food is wasted globally[17] a so-
bering statistic considering a similar percentage of the world’s population is 
characterized by the United Nations as being food insecure. In line with the 
Kingdom’s Vision 2030 and efforts to reduce food waste, more systematic 
assessments are needed to better understand the food ecosystem and the 
areas that require innovation in order to reverse food waste.

In parallel with food waste, there is also a need to raise awareness on the 
importance of water conservation. As evidenced in many other developed 
countries, the introduction of pricing schemes has been a major driver of wa-
ter savings. Modern agricultural technologies, together with short-duration, 
high yielding and more drought-resistant crop varieties also need to be ex-
plored. The implementation of farm water meters and plans to standardize 
irrigation practices would further boost water use efficiency.

Focused attention on improving the characterization of future climate risks is 
a priority. Preparedness requires planning, as is an understanding of the con-
sequences of action and the risks of inaction. Whether the onset of climate 
related impacts is sudden or gradual, climatic events tend to amplify existing 
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challenges, perpetuating a cycle of vulnerability. When these events converge 
with demographic trends, unplanned and unmanaged migration and dis-
placement, and rapid urbanization, the negative impact of climate change can 
be more profound and more severe, particularly as relates to food security.

Climate Futures Report



85 Food and Water Security

[A] Desert Crops Thrive as the 
Aquifer Shrinks, June 30, 2000, 
NASA
[B] Desert Crops Thrive as the 
Aquifer Shrinks, April 26, 2017, 
NASA

[A]

[B]



86

[1]	 Salem, H. S., M. Y. Pudza, and Y. Yihdego (2022), Water 
strategies and water–food Nexus: challenges and oppor-
tunities towards sustainable development in various re-
gions of the World, Sustain. Water Resour. Manag. 8, 114, 
https://doi.org/10.1007/s40899-022-00676-3.

[2]	 Ministry of Environment, Water and Agriculture (MEWA) 
(2018), National Water Strategy 2030, available at https://
leap.unep.org/countries/sa/national-legislation/sau-
di-national-water-strategy-2030.

[3]	 López Valencia, O. M., K. Johansen, B. J. L. Aragón Sol-
orio, T. Li, R. Houborg, Y. Malbeteau, S. AlMashharawi, M. 
U. Altaf, E. M. Fallatah, H. P. Dasari, I. Hoteit, and M. F. Mc-
Cabe (2020), Mapping groundwater abstractions from ir-
rigated agriculture: big data, inverse modeling, and a sat-
ellite–model fusion approach, Hydrol. Earth Syst. Sci., 24, 
5251–5277, https://doi.org/10.5194/hess-24-5251-2020.

[4]	 Sultan, M., N. C. Sturchio, S. Alsefry, M. K. Emil, M. Ahmed, 
K. Abdelmohsen, M. M. AbuAbdullah, E. Yan, H. Save, T. 
Alharbi, A. Othman, and K. Chouinard (2019), Assessment 
of age, origin, and sustainability of fossil aquifers: A geo-
chemical and remote sensing-based approach, J. Hydrol., 
576, 325-341, https://doi.org/10.1016/j.jhydrol.2019.06.017.

[5]	 Kajenthira, A., A. Siddiqi, and L. Diaz Anadon (2012), A 
New Case for Promoting Wastewater Reuse in Saudi 
Arabia: Bringing Energy into the Water Equation, J. Envi-
ron. Manag., 102, 184-192, https://doi.org/10.1016/j.jen-
vman.2011.09.023.

[6]	 6 Chandrasekharam, D. (2018), Water for the millions: Fo-
cus Saudi Arabia, Water-Energy Nexus, 1, 142-144, https://
doi.org/10.1016/j.wen.2019.01.001.

[7]	 FAOSTAT; https://www.fao.org/faostat
[8]	 Li, T., O. M., López Valencia, K. Johansen, M. F. McCabe 

(2023), A Retrospective Analysis of National-Scale Agri-
cultural Development in Saudi Arabia from 1990 to 2021. 
Remote Sens. 2023, 15, 731, https://doi.org/10.3390/
rs15030731.

[9]	 Chowdhury, S., M. Al-Zahrani, and A. Abbas (2016), Impli-
cations of climate change on crop water requirements 
in arid region: an example of Al-Jouf, Saudi Arabia, J. 
King Saud University-Eng. Sci., 28, 21-31, https://doi.
org/10.1016/j.jksues.2013.11.001.

[10]	 Alkolibi, F. M. (2002), Possible effects of global warming 
on agriculture and water resources in Saudi Arabia: im-
pacts and responses, Clim. Change, 54, 225-245, https://
doi.org/10.1023/A:1015777403153.

[11]	 Alam, Jobair B., M. H. Hussein, S. F. Magram, and R. 
Barua (2011), Impact of Climate Parameters on Agricul-
ture in Saudi Arabia: Case Study of Selected Crops, Int. 
J. Clim. Change: Impacts Responses, 2, 41-50, https://
doi:10.18848/1835-7156/CGP/v02i04/37075.

[12]	 Dalin, C., Y. Wada, T. Kastner, and M. J. Puma (2017), 
Groundwater depletion embedded in international food 
trade, Nature, 543, 700–704, https://doi:10.1038/na-
ture21403.

[13]	 Hamieh, A., F. Rowaihy, M. Al-Juaied, A. N. Abo-Khatwa, 
A. M. Afifi, and H. Hoteit (2022), Quantification and analy-
sis of CO2 footprint from industrial facilities in Saudi Ara-
bia, Energy Convers. Manag.: X, 16, 100299, https://doi.
org/10.1016/j.ecmx.2022.100299.

[14]	 Ministry of Economy and Planning (MEP) (2022), Saudi 
Arabia’s agricultural sector grew at a rate of 7.8% in 2021, 
available at https://mep.gov.sa/en/EconomicAffairs/
Pages/Saudi-Arabia%E2%80%99s-agricultural-sector-
grew-at-a-rate-of-7-8-in-2021.aspx.

[15]	 Bahn, R., S. E. L. Labban, and N. Hwalla (2019), Impacts of 
shifting to healthier food consumption patterns on envi-
ronmental sustainability in MENA countries, Sustain. Sci., 
14, 1131-1146, https://doi.org/10.1007/s11625-018-0600-3.

[16]	 Willett, W., J. Rockström, B. Loken, M. Springmann, T. 
Lang, S. Vermeulen, T. Garnett, D. Tilman, F. DeClerck, 
A. Wood, M. Jonell, M. Clark, L. J. Gordon, J. Fanzo, C. 
Hawkes, R. Zurayk, J. A Rivera, W. De Vries, L. M. Sibanda, 
A. Afshin, A. Chaudhary, M. Herrero, R. Agustina, F. Bran-
ca, A. Lartey, S. Fan, B. Crona, E. Fox, V. Bignet, M. Troell, 
T. Lindahl, S. Singh, S. E. Cornell, K. S. Reddy, S. Narain, S. 
Nishtar, and C. J. L. Murray (2019), Food in the Anthropo-
cene: the EAT–Lancet Commission on healthy diets from 
sustainable food systems, The Lancet, 393, 447-492, 
https://doi.org/10.1016/S0140-6736(18)31788-4.

[17]	 Chen, C., A. Chaudhary, and A. Mathys (2020), Nutrition-
al and environmental losses embedded in global food 
waste, Resour. Conserv. Recycl., 160, 104912, https://doi.
org/10.1016/j.resconrec.2020.104912.

References



87

Crop Circles in the Desert, January 17, 2012, NASA 



8888

“Projections associated with a 
3°C warmer world will present new 
challenges, exacerbating extreme 
heat stress and amplifying impacts 
on urban health and livability. ”
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Urban areas are estimated to account for less than 2% of the Earth’s surface, 
yet consume more than 75% of the energy produced. With Saudi Arabia rep-
resenting one of the most urbanized populations in the world, understanding 
the impacts of a 3°C warmer world on cities and urban settlements, buildings 
and infrastructure, and the growing populations that inhabit them are areas 
of major importance. Cities of the present, as well as those of the future, will 
need to be resilient to extremes of heat and flooding, while also dealing with 
the effects of sea level rise, potential increase in the occurrence of storms, 
and the risks associated with increased air pollution. These climate-related 
drivers of change will have a direct influence on the livability, comfort, and 
safety that cities aim to provide, and will affect everything from public health 
outcomes to issues related to the stability of energy supplies, water scarcity, 
and the resilience of aging infrastructure networks.

Prof. Sami G. Al-Ghamdi
Climate and Livability Initiative, Biological and Environmental Sciences and 
Engineering (BESE), King Abdullah University of Science and Technology 
(KAUST), Saudi Arabia
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Urban Heat Stress

Saudi Arabia’s cities are accustomed to extreme temperatures, with sum-
mers in Riyadh and Jeddah regularly exceeding 40°C for prolonged periods. 
However, projections associated with a 3°C warmer world will present new 
challenges, exacerbating extreme heat stress and amplifying impacts on ur-
ban health and livability. Heatwaves, defined broadly as extended periods of 
abnormally high temperature, pose grave risks to public health. Vulnerable 
populations, including the elderly, young children, pregnant women, outdoor 
workers, and individuals with pre-existing health conditions, are particularly 
susceptible to heat-related illnesses and mortality. Additionally, socio-eco-
nomically marginalized communities lacking access to adequate cooling in-
frastructure will likely bear the brunt of these impacts.

There are both recent and historical precedents that demonstrate the tragic 
outcomes that heat stress can have on large populations and mass gather-
ings: from the 60,000 heat-related mortalities associated with the European 
heat wave of 2022[1,2], to more local examples of stampedes occurring during 
the Hajj, which have been linked with the compound effects of extreme 
heat[3]. Many of the most serious Hajj incidents have coincided with the “ex-
treme danger” heat stress threshold as defined by the US National Weather 
Service[4]. Related to the so-called “wet-bulb temperature”, which accounts 
for both air temperature and humidity, the threshold is often used as an indi-
cator of heat-related stress on the human body, identifying domains beyond 
which humans become incapable of maintaining homeostasis (e.g., the abili-
ty to self-regulate body temperature).

An important consideration in determining thermal comfort is the so-called 
“urban heat island effect”, wherein cities can experience significantly higher 
temperatures than surrounding rural areas. Surfaces such as concrete and 
asphalt absorb and re-radiate heat, leading to high nighttime temperatures 
that offer little respite from daytime conditions. These elevated temperatures 
not only compromise outdoor comfort, but also increase energy demand via 
a surge in air conditioning use, further contributing to the heat island effect. 
Projected warming in Saudi Arabia is expected to amplify cooling needs, 
straining energy infrastructure and contributing to peak demand challenges. 
By some accounts, the demand for cooling consumes more than 55% of the 
energy consumption of buildings in Saudi Arabia[11,12], which is only expected 
to rise due to a combination of a warmer climate, rapid urbanization, and pop-
ulation growth. The positive feedback between elevated energy consumption 
and heat intensification exacerbates the urban climate challenge.

Urban Air Pollution

The intersection of rising temperatures and air pollution presents a formida-
ble challenge to public health in Saudi Arabian cities (Chapter 8). Air quality 
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FIGURE 1 	

Temperature anomaly and number of heat stress days in major Saudi 
Arabian cities for the period 1080-2099, relative to the reference period 
1995-2014
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is strongly tied to temperature and weather patterns, with particulate mat-
ter (PM) and ground-level ozone two key pollutants that become problematic 
with increasingly warmer conditions. These pollutants can exacerbate respi-
ratory and cardiovascular conditions, leading to increased hospitalizations 
and premature deaths, particularly among vulnerable populations. PM 2.5 
concentrations in Saudi Arabia were identified as being some of the highest 
in the world (106.2 μg/m3), placing second only to Qatar[5] and it is estimat-
ed that persistent air pollution has reduced the average lifespan by approxi-
mately 1.5 years[7, 8]. 

Industrial emissions play a significant role in air pollution, particularly in ur-
ban environments. Saudi Arabia generates most of its electricity from fossil 
fuels, delivering adverse effects on urban populations. Additionally, trans-
portation-related pollution emanating from both diesel and petrol vehicles is 
another concern within the Kingdom and its cities. Decarbonization of the 
energy system and increased electrification of the transport sector are the 
primary levers to reduce these impacts.

Indoor air quality is a critical consideration in the region, given that environ-
mental conditions encourage people to spend significant time indoors. In-
door living is a trend that is likely to increase in line with projected escalations 
in temperature over the coming decades. Urban green spaces and parks that 
offer respite from the heat, while also providing opportunities to connect with 
the natural environment, will become increasingly important.

Urban greenery / landscaping and
traditional architecture. Impact of
cooling the city and medicating 
the heat island effect, Picture for 
King Abdulaziz Historical Center 
by The Royal Commission for 
Riyadh City.
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Urban Health

Climate change induced shifts in temperature, humidity, and precipitation pat-
terns have profound implications on the transmission of diseases. As outlined in 
Chapter 8, rising temperatures and altered precipitation patterns can create an 
increased disease burden, particularly in terms of vector-borne infections such 
as malaria and dengue[9]. Changes in breeding conditions and habitat expan-
sion can increase the geographical range of vector-borne diseases, presenting 
new health risks to urban populations. Malaria, which was once considered rare 
in Saudi Arabia, may see increased prevalence under warming scenarios, with 
southern regions including Jeddah and Mecca at greater risk. Similarly, dengue 
fever could become a more prominent public health concern with an increase in 
the abundance and activity of Aedes mosquitoes. The introduction of water fea-
tures as a means to alleviate urban heat island effect, or an increase in water uti-
lization for cooling purposes, may inadvertently provide conditions favorable for 
the propagation of vector-borne diseases. Increased inundation, resulting from 
sea-level rises, floods or storm surges, may provide new breeding grounds, re-
quiring active measures to ensure mosquito populations are managed.

Coastal Vulnerability to Sea Level Rise, Storms and Floods

The impacts of climate change extend beyond their influence on temperature 
and air quality. Saudi Arabia’s coastal  settlements are increasingly vulnerable 
to flooding, erosion, and storm surges, which jeopardize homes, businesses, 
essential services, and urban infrastructure. Likewise, rising sea levels pose 
significant and escalating threats to infrastructure, with cities situated along 
the Red Sea and the Persian Gulf particularly at risk. A projected sea level rise 
of 0.18 to 0.23 meters by 2050, coupled with the potential for increased storm 
intensity and frequency, increases the vulnerability of coastal settlements 
and communities[4].

All of Saudi Arabia’s major cities are vulnerable to flash floods. Riyadh has 
witnessed more than ten flood events in the past thirty years, which have 
claimed over 160 human lives and caused substantial socioeconomic loss-
es. Flash floods that struck Jeddah in 2009 and 2011 claimed more than 100 
lives, with extensive damage to settlements and other infrastructures.

The potential consequences of sea level rise encompass a range of out-
comes. Low-lying areas and critical infrastructure near coastlines could face 
saltwater intrusion, erosion, and inundation. There is also the risk of compro-
mised water supplies due to saline intrusion into groundwater, in addition to 
the increased risk of flooding during storm surge events. The disruptive po-
tential on the operation and function of coastal cities is a key concern, not 
just in terms of interruptions in the supply of basic needs (e.g. food, water and 
electricity), but also with regards to public health and welfare issues that often 
follow natural disasters.

Urban Systems and Livability

Some pictures show the
devastating impact of flooding in
Jeddah 2009, Wiley
https://doi.org/10.1111/jfr3.12611
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Disaster preparedness and response strategies will be crucial to managing 
climate related disruptions. Establishing robust early warning systems that 
provide timely alerts to residents and authorities will not only save lives, but 
also act to reduce damage from extreme weather events. Evacuation plans, 
emergency shelters, and community engagement initiatives can enhance 
disaster resilience and ensure a coordinated response. By prioritizing resil-
ience, Saudi Arabia can safeguard its coastal areas, critical infrastructure, 
and the well-being of its coastal communities.

Urban Settlements and Infrastructure

The resilience of critical infrastructure, particularly electricity and water net-
works, is central to the function of any modern settlement. As witnessed in 
many cities around the world, climate-related events, particularly extreme 
heat and storms, have demonstrated their potential to disrupt water and 
electricity supply, generation, and distribution, leading to systemic failure.

Power blackouts witnessed across metropolitan centers in both the United 
States and Europe have been attributed to major heat wave events over the 
last decade and more. With higher temperature increasing base load de-
mand (e.g. driven by a demand for air-conditioning), such blackouts expose 
the susceptibility of electrical grids and infrastructure to climate extremes. 
As a consequence, cities face disruptions in essential services, economic 

Above and Under the Red Sea, 
NASA
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productivity, and overall quality of life. These incidents serve as a warning of 
the urgent need for urban planning that integrates climate-resilient energy 
systems, efficient cooling strategies, and adaptable infrastructure to mitigate 
the impacts of rising temperatures and ensure the reliability of vital services 
in the face of changing climate.

While replacement of fossil fuel-based electricity generation with renewable 
energy sources is necessary, it is not without its own challenges. Apart from 
disrupting energy distribution, extreme heat can also impact the perfor-
mance and lifespan of solar generation, storage and distribution. Prolonged 
periods of higher temperatures shorten battery life and reduce their storage 
capacity, affecting their reliability and efficiency in sustaining power supply 
at the most critical of times. In arid countries like Saudi Arabia, dust accu-
mulation on solar panels can substantially decrease their energy-generating 
efficiency. Transmission lines required for electricity distribution are also vul-
nerable to heat-related stresses, as higher temperatures can cause power 
lines to expand, leading to wilting or even failure.

Several other infrastructure and supply channels that are essential to the 
function of urban settlements are also at risk of impact due to climate factors:

	■ Desalination plants, crucial for providing fresh water in Saudi Arabia, 
experience reduced efficiency during heatwaves. The intake of warmer 
waters, or those affected by algal blooms, increases energy consump-
tion and operational costs, impacting the overall availability of freshwa-
ter resources;

	■ Decreasing groundwater levels and soil compaction can threaten the 
integrity of underground pipe infrastructure, including drinking water 
and distribution systems;

	■ Changes in precipitation patterns and extreme weather events can 
overwhelm existing sewerage and drainage systems, leading to poor 
treatment processes and potential contamination of water bodies;

	■ Increased flooding poses a risk of sewage overflow and cross-contami-
nation, impacting public health in the urban environment;

	■ Persistent higher temperatures can accelerate the decomposition of 
organic waste, producing greenhouse gas emissions and odorous by-
products, affecting the surrounding urban environment.

Fortunately, the integration of climate resilience into infrastructure planning 
can yield long-term benefits[10]. Adaptable designs that consider the potential 
impacts of extreme weather events can enhance the capacity of networks 
to withstand disruptions. In a similar manner, developing redundancies and 
backup systems, such as energy storage for peak demand and alternative 
water sources, can ensure continuity of services during emergencies.

Enhancing the resilience of infrastructure is essential to minimize disruptions 
in the supply of essential needs. Replacing aging pipelines and investing in 

Urban Systems and Livability
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advanced leak detection and repair technologies prevents water loss and in-
creases service reliability. Likewise, sustainable urban planning, resilient de-
sign, and adaptive strategies are imperative to ensure the effectiveness and 
integrity of sewerage treatment and solid waste disposal systems in the face 
of evolving climatic conditions.

Urban Landscapes and Livability

Urban landscapes play a vital role in enhancing the quality of life in cities and 
mitigating the impacts of a warming climate. To address the challenges of 
urban landscapes, innovative approaches will be required. Air-conditioned 
parks, for instance, have emerged as a creative solution to provide outdoor 
recreational spaces during hot weather. While they offer respite from the 
heat, they also highlight energy consumption concerns. The resource re-
quirements that are needed to maintain urban landscapes necessitate a ho-
listic approach. Expectations of higher temperatures will demand the careful 
management of engineered “natural” systems to ensure their sustainability 
and optimize resource utilization. Integrating green spaces and trees into ur-
ban design can mitigate the urban heat island effect and enhance outdoor 
comfort. However, selecting climate-adaptive plant species that can thrive in 
higher temperatures and require less water is crucial. Efficient irrigation tech-
nologies and water-saving practices, such as drip irrigation and xeriscaping, 
can reduce water consumption while supporting greenery.

A Resilient Urban Future

The impacts of climate change on urban environments are multi-faceted and 
complex. Given the disruptive potential on both society and the economy, it 
is critical that a considered and coordinated approach to managing climate 
risk is pursued. Decarbonization of the built environment will play a vital role 
in adapting to and mitigating a 3°C warmer climate, demanding that the effi-
cient use of energy resources and lower carbon footprints become essential 
elements of any urban resilience strategy. There are many low-level solutions 
that can have a major impact on addressing urban inefficiencies, including 
the use of innovative building materials with insulation properties, reuse of 
wastewater to lower the burden on the desalination sector, life cycle imple-
mentation in product design, innovative energy production and desalination 
technologies, and recycling of waste into value-added products.

By embracing climate-adaptive urban planning, promoting sustainable en-
ergy sources, advancing healthcare preparedness, and enhancing critical 
infrastructure, Saudi Arabia can navigate the impacts of a changing climate 
and create a more resilient and sustainable future.
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“Saudi Arabia’s hot desert 
climate necessitates high 
energy demands for cooling. 
The subsequent high energy 
consumption of buildings makes 
the Kingdom one of the largest per 
capita consumers of household 
electricity in the world.”
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Energy and Industry

Amidst the country’s vast stretches, where modern structures and expansive 
networks of roads reflect the nation's relentless drive for industrial and ener-
gy advancement, the potential implications resulting from a three-degrees 
warmer world raise a plethora of concerns. Given that studies assessing such 
aspects are lacking, potential impacts are explored using existing knowledge, 
focusing on the role of climate variability, expectations related to extreme 
weather events, and known vulnerabilities within the sector. The broader con-
text of international policy, particularly those concerning energy exports and 
associated geopolitics, remains a complex backdrop. That dimension war-
rants its own comprehensive exploration to fully grasp the impacts of both 
climate change and international climate policy on the Kingdom’s economy 
and its role in the global energy ecosystem. While climate changes will bring 
inevitable challenges for the energy and industrial sectors, there will also be 
economic opportunities that can be realized from the adoption of sustainable 
and adaptive strategies.
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The Importance of Energy Resilience

Escalating temperatures introduce a multifaceted dynamic to the energy 
sector. The heightened demand across all fuel categories, amplified by an in-
creased need for cooling, as well as sporadic colder winters, unpredictable 
precipitation patterns and sea level rise, all complicate the scenario, posing 
direct and indirect impacts on the energy sector and the country’s overall eco-
nomic productivity. 

The human element will be at the forefront of such challenges. Between 1979 
and 2019, major cities in Saudi Arabia all witnessed significant temperature 
changes, including Makkah (+2.28°C), Jeddah (+1.57°C), Riyadh (+2.79°C), and 
Dammam (+1.88°C), representing an average annual increase of 0.48 degrees 
per decade[1]. This rise, coupled with the Kingdom’s growing population and 
industrial activity, intensified demands on the energy infrastructure, especially 
electricity with an expected 22% rise in demand by 2030 compared to 2018[2].

Another human dimension is the impact on labor productivity, particularly for 
those working outdoors, who are most at risk from temperature fluctuations 
(Chapter 8). As peak hours of daytime heat have traditionally limited outdoor 
work, the Kingdom has proactively adjusted working hours to ensure worker 
safety while optimizing productivity. 

Concurrently, measures to enhance the electricity sector have been underway 
to improve delivery and reliability. Grid failures and rolling blackouts seen in 
other regions of the world, especially those occurring during prolonged heat-
waves, bring both industrial and health related risks[3,4]. Recent restructuring 
within the Saudi Electricity sector reflects the importance that grid-stability 
has on both human welfare and infrastructural resilience[5].

A major element of industrial resilience is the national commitment to the de-
velopment of renewable energy infrastructure and the building out of its in-
dustrial base, which ensures continuity in supplying local electricity demand, 
while also meeting the global demand for petrochemicals and other produced 
goods.

Climate Impacts on Industrial Activity

As temperatures continue to rise, the resilience of the industrial and power 
sectors is put to the test. The peak summer months, especially July, exert 
immense strain on industrial machinery and power plants. At the same time, 
industrial infrastructure can be impacted by sea level rise (Chapter 2) result-
ing in increased flooding. This is particularly a concern for coastal industries 
and infrastructure, where most of the nation’s oil and gas infrastructure are 
located, representing a major component of Saudi Arabia’s economy[6]. Sup-
ply chains are also at risk, potentially increasing the cost of doing business[7]. 
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Average hourly temperatures and 
hourly power generation in the 
central region of Saudi Arabia for 
the year 2015.

Extreme weather events such as flooding and dust storms can disrupt both 
on-shore and off-shore extraction and transport activities[8], while increases 
in temperatures and potential reduction in rainfall place additional strain on 
the water resources. These include those water resources used to supply do-
mestic consumption (via energy intensive desalination) as well as the volumes 
required for oil extraction, ultimately affecting oil production and increasing 
the cost of extraction[9]. 

Furthermore, as the Kingdom grapples with the direct impacts of rising tem-
peratures as well as the energy transition, new emergent technologies are 
taking a more prominent role. The Kingdom’s commitment to a net-zero fu-
ture under the Circular Carbon Economy National Program will further add to 
industrial activity.  Hydrogen’s wide-ranging applicability, in domains ranging 
from heavy industry to transportation, will require further energy and infra-
structure. That will necessitate robust planning for durability and resilience in 
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both its production and delivery: whether via pipeline or as maritime cargo, 
and mostly likely in the form of Ammonia or methanol. Similar energy and in-
frastructure considerations apply for Carbon Capture, Utilization, and Storage 
(CCUS) technologies, as well Direct Air Capture (DAC)[10, 11, 12]. 

 

Power Generation and Electricity Demand 

Climate change will have implications on both the supply and demand of pow-
er and electricity. Indeed, the very foundation of energy provision is challenged 
as load curve durations stretch and morph. Saudi Arabia’s hot desert climate 
already necessitates high energy expenditure for its various needs, ranging 
from its ever-expanding industrial sector to rapidly growing built environment. 
The increasing trend in temperatures observed within the Kingdom has exac-
erbated the rise in energy consumption[13]. Hotter climates negatively affect 
the efficiency and operating capacity of thermal power plants and transmis-
sion lines[14], placing further strain on Saudi Arabia’s electricity grid and in-
creasing the risk of power outages during times of peak demand[15]. The power 
grid is also vulnerable to other extreme events such as flooding, heatwaves, 
and droughts, which are projected to increase in frequency and intensity in the 
future, posing additional risks to electricity supply.

Increasing temperature may also reduce the efficiency of cooling systems 
in thermal power plants, further impacting power generation[16]. As half of the 
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Kingdom’s planned power generation capacity will continue to rely heavily on 
thermal power plants using natural gas as feedstock, the potential increase in 
ambient temperatures creates a positive feedback resulting in increased de-
mand for cooling, subsequently leading to a rise in electricity demand[17]. The 
role of “peaker plants”, essential for ensuring energy continuity during periods 
of high variability, will have to be studied and optimized for operational and 
cost efficiencies amidst these shifting dynamics.

The Energy Demand of Buildings

Saudi Arabia’s hot desert climate necessitates high energy demands for cool-
ing[13]. The subsequent high energy consumption of buildings makes the King-
dom one of the largest per capita consumers of household electricity in the 
world, with cooling accounting for approximately 70% of overall residential 
sector demand and 50% of total electricity consumption[17, 18]. 

The increasing trend in temperatures projected for the Kingdom will further 
exacerbate the rise in energy consumption, in spite of efficiency improve-
ments made to date. According to the Sixth Coupled Model Inter-comparison 
Projects (CMIPs)[19] model ensemble mean, the total cooling degree days in 
Saudi Arabia, which is a measure of annual cooling demands, will increase by 
18% in 2050 and 29% in 2100 under the SSP2-4.5 scenario (see FIGURE 2)
[20]. Determining the climate impacts on building energy demand in Saudi Ara-
bia will be critical to managing the country’s already heavy dependence on 
air conditioning systems[21, 22]. Furthermore, promoting high-efficiency cooling 
technologies and establishing region-specific building codes is needed, giv-
en the sensitivity of energy demand to climate conditions[23]. 

Changing Modes of Transportation

Under a changing climate, Saudi Arabia’s transportation sector will both ex-
perience and bring about challenges, by creating additional stressors on en-
ergy demand and human health and safety. Rising temperatures impact fuel 
efficiency of internal combustion engines[24], while road durability, air pollution 
and visibility pose further dangers to human lives. The expected rise in the 
uptake of electric vehicles in major cities, in addition to the move towards in-
creased electrification, presents another dimension to the narrative. Urban 
rail infrastructure, such as the Riyadh Metro[25] and the forthcoming Jeddah 
Metro project, while representing a shift towards sustainable urban mobility, 
will also contribute to increased electricity demand. Ensuring the resilience of 
these infrastructures against extreme weather events, potential flooding, and 
heat-induced material degradation will be crucial. Furthermore, the energy-in-
tensive nature of metro systems, especially during peak hours, in addition to 
evolutionary changes in the transportation sector overall, necessitates robust 
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FIGURE 2 ↓ 

Projected cooling degree days 
(a measure of annual cooling 
demands) in Saudi Arabia using a 
multi-model ensemble[20].

Source: https://climateknowledge-
portal.worldbank.org/country/sau-
di-arabia/climate-data-projections
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FIGURE 2 	

Projected cooling degree days (a measure of annual cooling demands) in 
Saudi Arabia using a multi-model ensemble[20].
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grid and load management, demand response strategies and deeper insights 
into capacity installments to ensure uninterrupted service.

Demand for Water and Desalinization  

Growing water demands and worsening chronic water shortages due to cli-
mate change can have indirect effects on electricity demand. Water desalina-
tion plants, which are energy-intensive, supply the bulk of Saudi Arabia’s do-
mestic and potable water needs[26]. As the need for freshwater increases due 
to population growth and changing climatic conditions, so does the demand 
for energy and electricity to operate these plants. An increased focus on re-
newable energy sources and energy efficiency improvements is necessary to 
mitigate climate impacts on electricity demand, while also meeting the addi-
tional electricity demand[27]. Furthermore, most of Saudi Arabia’s desalination 
plants are located along the Red Sea and Arabian Gulf coastlines, which are 
also vulnerable to rising sea levels, warmer sea surface temperatures, and the 
risks associated with algal blooms.

Opportunities and Challenges for Renewable Energy

Saudi Arabia receives some of the most consistent and highest rates of so-
lar-irradiation globally[28]. The country receives an average solar radiation of 
5.4 kilowatt-hour per square meter per day, enabling a high solar energy pro-
duction potential[29]. 

Presently, renewables constitute a small portion of the energy system in the 
Kingdom. However, they are projected to play a major role in the Saudi energy 
mix in the coming years and decades. Wind and solar electricity generation 
technologies in particular are anticipated to deliver 50% of the power capac-
ity of the Saudi electric grid by 2030. The role of renewables will inevitably in-
crease to deliver the stated goal of climate neutrality by 2060, driving further 
the decarbonization of the power sector. The shift to renewables is also con-
sistent with the Kingdom’s ambition of becoming a global hydrogen produc-
tion hub, in which its green hydrogen would be generated using renewables 
such as wind and solar. 

Factors such as high temperature and dust accumulation may present chal-
lenges to the operational efficiency of solar installations, driving increased 
maintenance requirements. While studies on the impact of climate change 
on renewable energy infrastructure in the Kingdom are scarce, one study 
used climate projections for 2010 to 2080 to find a decrease in photovoltaic 
output of a few percent (-1 to -6%) in Saudi Arabia due to changes in tempera-
ture and insolation[30]. A more recent study that looks at impacts on photo-
voltaic output in Iraq concludes that the impact of climate change on photo-
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[A] Jubail Desalination Plant. 
Source: Marafiq
[B] National Water Company’s 
water treatment storage tanks. 
Source: Al Riyadh
[C] Shuqaiq 3 Desalination Plant, 
located on the coast of the Red 
Sea, in Saudi Arabia.

[A]

[B]

[C]
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voltaic power potential varies considerably based on regional factors. While 
determinants such as atmospheric temperature, surface insolation, and wind 
speed certainly play a role in influencing the efficiency of photovoltaic sys-
tems, Saudi Arabia is in a strong position economically and geographically 
to harness this untapped potential. Similar to photovoltaics, there has been 
considerable interest in harnessing wind energy as part of the Kingdom’s en-
deavor to diversify its energy mix[31], with significant potential in regions along 
the Red Sea coast. However, the challenges to such installations include in-
consistent and highly seasonal wind patterns specific to Saudi Arabia, as well 
as increasing ambient temperature which can pose a challenge to the opti-
mal operation of the wind turbines as well energy output[32]. While ongoing re-
search and design modifications will be required for wind turbines to endure 
Saudi Arabia’s unique climatic conditions, the opportunities for wind-pow-
ered renewables to augment the energy mix are obvious. 

Other renewables such as hydropower, geothermal, and biomass can all be 
affected by climate. Yet while the impacts can be substantial in some geog-
raphies, these renewable technologies will likely play a lesser role in the King-
dom’s future energy mix compared to solar and wind[33].

Adapting to a Changing Energy Landscape

A deeper examination into the potential impacts of climate change must be 
considered and integrated into the energy planning process to ensure a re-
silient energy and industrial sector in the Kingdom in the coming decades. By 
incorporating climate change projections and assessing the potential impact 
of extreme events on energy and industrial sector assets and supply chains, 
Saudi Arabia can establish proactive strategies to ensure a resilient energy 
and industrial sector to future climate and other economic shocks.

Given that the climate-induced risks and vulnerabilities do not operate in 
isolation from other forces, especially those that are induced by human and 
economic drivers, it is important to understand the resilience of the Saudi 
power grid reliability in the face of these pressures working in tandem. It is 
also important to incorporate the possibility of compounding risks and the 
adaptive capacity of the grid system to react and absorb such shocks without 
interruptions. 

Expected population and economic growth in the Kingdom, coupled with the 
need to decarbonize and to accelerate the electrification of the “end-use” 
sectors (i.e. transportation, industrial, residential, and commercial sectors) 
will dictate that electricity sector will need to increase in size and evolve in its 
mix. Thus, it is important to take a holistic view when addressing the electric 
grid stability and resilience to climate change. In other words, it is not only 
how resilient the current grid is, but rather how resilient the electric grid of the 
future is to future climate- and human-induced shocks and hazards. 

Climate Futures Report
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Investigating the effects of climate impacts on building energy demand in 
Saudi Arabia is critical to manage its heavy dependence on air conditioning 
systems[13]. Given that the building energy demand changes significantly with 
different climate zones, it is important to establish building codes that are 
compatible with Saudi conditions. A major effort will be to integrate more en-
ergy-efficient building materials, and more efficient cooling technologies and 
designs in the Saudi building sector[22, 34]. 

The Kingdom’s energy-intensive industries such as petrochemicals, cement 
production, and steel are likely to face pressure from climate change poli-
cies aimed at reducing greenhouse gas emissions. Thus, transitioning to car-
bon-neutral technologies is critical for these industries to remain competitive 
and sustainable in markets with stringent climate policies and trade restric-
tions. Adapting and implementing mitigation strategies to combat these 
potential effects includes infrastructure upgrading, investing in renewable 
energy, and adopting more sustainable practices to reduce their emission 
footprint (see Box at page 112).

As variations in solar and wind patterns have substantial implications for re-
newable energy generation in the region, tailored studies for Saudi Arabia will 
be needed to fully grasp the implications of climate change on both solar and 
wind outputs. This calls for a detailed analysis of the nuanced variations in 
climatic variables across specific regions of the Kingdom. Fostering research 
and innovation will be vital to ensure the availability of climate-resilient tech-
nologies designed for the Saudi context and climate conditions.    

[A] Photo by Anatoliy Shostak on 
Unsplash
[B] Solar panels covered by dust. 
Photo by Naturalturn via Flickr

[A]

[B]
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A 3-degrees temperature rise would not only exacerbate existing challenges 
but also introduce new complexities into the realm of energy security and geo-
politics. Saudi Arabia’s proactive approach, as evidenced by its Vision 2030 
and other sustainability initiatives, positions it well to navigate these challeng-
es. However, the Kingdom will need to engage in dynamic strategies and inter-
national collaborations to secure both its energy future and geopolitical stand-
ing in a 3-degrees warmer world. 

Energy Security and Governance
In a world potentially facing a 3-degrees temperature rise, the geopolitics 
of energy security becomes an even more intricate puzzle. The Kingdom of 
Saudi Arabia, as a linchpin in the global energy market, faces unique chal-
lenges and opportunities. The Paris Agreement aims to limit global warm-
ing to well below 2°C, preferably to 1.5°C, compared to pre-industrial levels. 
However, current trajectories and commitments indicate that a 3-degrees 
scenario is increasingly likely, with profound implications for energy security. 
Thus, a 3-degrees scenario might necessitate new frameworks for global 
energy governance, focusing more on sustainable energy and climate resil-
ience, areas where Saudi Arabia could lead given its investments in renew-
able energy and its strategic importance in global energy markets. 

Geopolitical Alliances
Climate commitments under international agreements like the Paris 
Accord could reshape geopolitical alliances. Countries may be more in-
clined to form alliances based on shared climate goals rather than tradi-
tional economic or geopolitical interests. Saudi Arabia, therefore, needs 
to navigate this evolving landscape carefully, balancing its role as a major 
oil producer with the global shift towards sustainability.

Global Energy Markets and Saudi Exports
A 3-degrees rise in global temperatures could lead to more extreme 
weather events, affecting sea routes and thereby impacting Saudi Ara-
bia’s oil exports. Extreme weather events could disrupt key shipping 
routes such as the Strait of Hormuz[35], a critical passage for Saudi oil ex-
ports. This disruption could lead to increased volatility in global oil prices, 
affecting the Kingdom’s economic stability.

Renewable Energy Transition
A 3-degrees scenario would necessitate an even faster transition to re-
newable energy sources to mitigate further climate impacts. Saudi Ara-
bia’s Vision 2030 already outlines ambitious plans for renewable energy. 
However, the urgency to transition could strain existing infrastructure and 
require significant investments in new technologies, potentially affecting 
the Kingdom’s energy security in the short term.

Strategic Resource Allocation
Increased temperatures and extreme weather events could also affect 
the domestic availability of water, a critical resource for both the popula-

[A] First internationally accred-
ited Saudi laboratory for testing 
the reliability of solar panels
[B] Alkhafji desalination plant 
using solar energy for clean water 
production

[A]

[B]



Abqaiq Plants Saudi Aramco, 
Saudi Arabia via Google Earth

tion and the energy sector, particularly for cooling thermoelectric power 
plants. Strategic resource allocation will become crucial as water scarcity 
could become a significant challenge for energy production in a 3-de-
grees scenario.
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“Higher temperatures, depleted 
water resources, ecosystem 
degradation, and habitat 
destruction, all influence the 
migration and ranging patterns of 
wild animals. With climate change 
exacerbating these drivers of 
animal movement, there is an 
increased risk of cross-species 
viral transmission.”
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Health and Wellbeing

The growing impacts of climate change on the health and wellness of glob-
al populations can be observed throughout the Middle East and around the 
world. Global air temperature distributions are shifting, such that previous 
extremes are now more likely to be observed. Changes in the frequency of 
heat waves, periods of increased humidity, or even reductions in the diurnal 
temperature range, will all impose additional stress on basic biological func-
tioning in humans. Poor air quality derived from both anthropogenic pollution 
(e.g., via increased urbanization and economic activity) and natural sources 
such as forest fires and dust, has contributed to or exacerbated multiple 
health conditions. While Saudi Arabia has made significant progress over the 
past three decades in the public health domain, reducing the incidence of 
infectious diseases, controlling vector-borne diseases, and managing the 
health risks associated with Hajj, climate change and its cascading impacts 
are increasingly threatening these gains. 
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Heat Related Health Impacts

To understand the direct and indirect impacts of climate change on health, it 
is instructive to review some of the key drivers. Foremost amongst these are 
changes in the air temperature. Under SSP2-4.5, the annual average tem-
perature across the Arabian Peninsula is set to increase by 1.74°C and 2.87°C 
in the near future (2030–2059) and far future (2070–2099), respectively (rela-
tive to the period from 1981–2010)[1]. Nightly minimum temperatures are pre-
dicted to rise more quickly than daytime maximum temperatures, affecting 
the capacity for cooling. Temperature increases will be especially evident 
during the cooler winter months, reducing the respite from hotter periods of 
the year and extending the days per year where people experience very high 
heat (> 40°C)[2]. Increased temperatures will disproportionately impact peo-
ple living in urban areas, due to the compounding impact of the urban heat 
island effect.

Heat exposure increases the incidence of heat stress, a condition where 
the body cannot regulate temperature to cool naturally, causing a variety of 
health impacts ranging in severity from mild but irritating concerns such as 
heat rash, to deadly conditions such as heat stroke. Importantly, heat related 
damage to organs and blood vessels can cause ongoing health impacts long 
after the body returns to normal temperature.

Exposure to extreme temperatures can also exacerbate existing health con-
ditions, including cardiovascular and respiratory diseases, diabetes, kid-
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ney conditions, and mental health concerns. Additionally, prolonged heat 
exposure is associated with pregnancy complications, and poor birth out-
comes. Of particular concern is that even small deviations from average tem-
peratures are associated with increased heat related morbidity and mortali-
ty[2]. Currently, the heat-related mortality rate in Saudi Arabia is 1.03/100,000 
people[3]. In the absence of effective mitigation strategies, it is expected to 
rise to 44.9/100,000 people by the year 2100 under SSP2-4.5[3]. Indeed, it is 
anticipated that Saudi Arabia will experience a sharp rise in heat related mor-
tality even under more conservative global warming estimates[3]. People most 
at risk from the health related impacts of increasing heat include the elderly 
(> 65), very young children, pregnant women, outdoor workers, and people 
with pre-existing medical conditions. 

Air Quality

The air quality across the MENA region is consistently threatened due to re-
current pollutant levels that exceed WHO recommendations[4]. Natural dust, 
sandstorms and fires, together with anthropogenic sources emanating from 
transportation, industry, and other activities of urbanization, all contribute to 
the generally poor quality of air in Saudi Arabia. 

Air pollution increases the general risk of mortality and the risk of death from 
specific diseases, including stroke and ischemic heart disease. Poor air 
quality is further linked to pregnancy complications, poor birth outcomes, in-
creased infant mortality, and cognitive delays and chronic disease develop-
ment in children. 

The links between air pollutants such as particulate matter (PM2.5 and PM10), 
nitrogen oxides, sulfur oxides, volatile organic compounds, polycyclic aro-
matic hydrocarbons (PAHs) and poor health are well established by the scien-
tific community[4]. Indeed, the International Agency for Research on Cancer 
(IARC) has classified outdoor pollution as a carcinogen[5] and long-term ex-
posure to particulate matter, particularly PM2.5 is shown to contribute to the 
development of multiple cancer types[4]. 

Although there remains some model uncertainty, many projections indicate 
that dust and sandstorms may increase as temperature (and aridity) increases 
and precipitation becomes more variable[6]. Apart from their direct effect on 
air-quality, dust storms spread pollutants, allergens, and pathogenic microor-
ganisms (bacteria and fungi), indirectly impacting respiratory health. Dust and 
sandstorms also cause acute eye irritation and limit visibility, resulting in haz-
ardous driving conditions and increasing the frequency of traffic accidents. 

Globally, air pollution contributes to millions of deaths, although dispro-
portionately impacting the Western Mediterranean region. In Saudi Arabia, 
particulate matter alone contributes to 9% of the country’s mortality and ac-
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counted for more than 8500 deaths in 2017[7]. If no mitigation actions are tak-
en, the mortality rate from particulate matter and other pollutants will likely 
continue to increase, due to the projected aging population, even after the 
predicted concentrations decrease during the second half of the century.  

Climate influence on Infectious Diseases

Climate sensitive infectious diseases include any infectious agents that can 
be affected by variables associated with climate change, such as heat, pre-
cipitation, or extreme weather events. The high diversity in the types of in-
fectious diseases as well as the broad modes of pathogen transmission (i.e., 
vectors, air droplets, food/water borne, direct contact) creates multiple path-
ways for climate change to impact infectious diseases. While 58% of infec-
tious diseases known to infect humans are exacerbated by climate change[8], 
here we focus on vector-borne diseases (VBDs), diarrheal diseases, viral re-
spiratory infections, and emerging infections (i.e. future pandemics).

Vector-Borne Diseases
Vector-borne diseases (VBDs) are diseases that arise from the trans-
mission of pathogens via vectors i.e. a living organism that transmits 
infectious agents to humans or other animals. Common vectors include 
mosquitoes, flies, ticks, and rodents. Climate changes, including tem-
perature, humidity, and precipitation, can impact the transmission rate 
of VBDs by influencing the geographical areas under which vectors can 
survive and reproduce, as well as influencing their lifespan, and their 
biting rate. Changing climatic  conditions can create environments 
suitable for known disease vectors in places where they had not been 
previously recorded, or allow for reemergence in areas where they had 
previously been eliminated. Conversely, climate change may render the 
environment unsuitable for certain vectors. 

Non-climatic conditions such as urbanization and globalization also 
influence VBD transmissibility. In Saudi Arabia, the high number of reli-
gious pilgrims arriving for Hajj and Umrah is known to play a role in VBD 
incidence as a source of pathogen introduction. Pathogens and vectors 
are also highly adaptable and the complex interplay between climatic 
and non-climatic factors may influence evolution rates and the emer-
gence of new VBDs.

The climatic conditions of the Middle East are conducive to the trans-
mission of several VBDs, including malaria, dengue fever, Chikungunya, 
West Nile virus, and leishmaniasis. While these VBDs do not carry a high 
mortality rate in the Kingdom, they can present a high economic bur-
den. The control of VBDs has been identified as a Health Transforma-
tion Sector initiative under Vision 2030 as the Kingdom works to reduce 
the incidence of these and other infectious diseases[9].
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Modeling studies vary in their predictions concerning the impact that 
climate change will have on the variables driving VBDs in Saudi Arabia. 
Some studies predict a modest reduction in the risk from VBDs in the 
region, as rising temperatures are predicted to make conditions unsuit-
able for certain vectors[10]. However, these same studies acknowledge 
that the multiple factors by which climate change will impact the burden 
of VBDs in the region are difficult to measure and predict. Rapid urban-
ization may negate the impact of rising temperatures, particularly for 
Aedes aegypti mosquitoes, the vector responsible for dengue fever, Chi-
kungunya, and other pathogens, as these mosquitoes thrive in urban en-
vironments. Of some concern is that these mosquitoes are well adapted 
to heat, are often found indoors, and breed in man-made containers.

Diarrheal Diseases
Diarrheal disease is prevalent throughout the world and is a leading 
cause of morbidity, mortality, and productivity loss in all age groups. Cli-
mate change will likely affect diarrheal disease incidence, especially by 
impacting water resources, as these diseases are commonly transmit-
ted through contaminated water.

In addition to the impact of climate change on diarrheal disease via wa-
ter-borne transmission, increasing ambient temperatures can impact 
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food safety, influencing diarrheal disease incidence. Pathogens in food, 
such as salmonella and campylobacter, are influenced by temperature, 
with increasing heat linked to increasing incidence of diarrheal diseases.

Saudi Arabia enjoys a robust sanitation system and near universal ac-
cess to potable water. As a result, disability adjusted life years (DALYs) 
lost to diarrheal diseases have steadily declined in Saudi Arabia over 
the last three decades[11]. However, there is a high risk of the incidence 
of diarrheal disease climbing as climate change impacts the availability 
of safe and secure sources of water in the Kingdom and throughout the 
region. Additionally, mass gatherings such as the Hajj increase the risk 
of diarrheal disease spread. 

Viral respiratory infections
Respiratory infections are a leading cause of morbidity and mortality 
globally. The effects of climate change, expressed via increasing tem-
peratures, air pollution, and rainfall variability are likely to increase the 
incidence of acute respiratory infections. Similarly, heatwaves increase 
the risk of morbidity and mortality from respiratory infections, particu-
larly in children and people aged 65 and over. Expectations for Saudi 
Arabia suggest that rising temperatures may lead to increases in partic-
ulate matter and other air pollutants[6], further elevating the frequency, 
severity, and lethality of respiratory infections due to increased expo-
sure to air pollution.

Climate Futures Report
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The Kingdom has implemented effective infection control measures to 
support Hajj and Umrah pilgrims and, therefore, reduce the incidence 
of respiratory disease. However, respiratory infections are still a lead-
ing cause of sickness among Hajj pilgrims, with attendees experiencing 
symptoms after participation[12]. Strengthening infection control mitiga-
tion strategies will be required as climate change increases the risk of 
these infections. 

Emerging infections—future pandemics
Higher temperatures, depleted water resources, ecosystem degrada-
tion, and habitat destruction, all influence the migration and ranging 
patterns of wild animals. With climate change exacerbating these driv-
ers of animal movement, there is an increased risk of cross-species 
viral transmission: particularly between wild mammals and humans[13]. 
Increased interaction between previously separated species provides 
an opportunity for the emergence of novel pathogens, with the poten-
tial for zoonotic spillovers[13] (i.e. exchange of pathogens between ani-
mals and humans). These pathogens have the potential to spark local-
ized epidemics or, as has been witnessed recently, devastating global 
pandemics. In Saudi Arabia, participants in Hajj and Umrah present an 
added dimension whereby novel pathogens can enter, spread within, 
and escape the region. Saudi Arabia has been impacted by multiple ep-
idemics and pandemics in the past two decades, including the  H1N1 in-
fluenza, Middle East respiratory syndrome coronavirus, and COVID-19. 
These diseases have had a significant impact on the health of the pop-
ulation and carried a large economic burden. The impacts of climate 
change will significantly increase the risk of regional epidemics and 
pandemics, with as of yet unknown health consequences. 

Non-Communicable Diseases

The effects of climate change, specifically increasing temperature and wors-
ening air quality, can impact almost every bodily function and system, trigger-
ing or aggravating multiple common non-communicable health concerns. 
Non-communicable diseases (i.e. heart disease, cancer, diabetes) account-
ed for 73% of deaths and 66% of the total burden of disease in Saudi Ara-
bia in 2016[11]. Understanding how climate change might impact the national 
health burden is a priority. 

Cardiovascular disease
Cardiovascular disease represents the largest proportion of mortality in the 
Kingdom[14]. Exposure to extreme heat is associated with increased mor-
bidity and mortality from cardiovascular diseases[2], with a 2.1% increase 
in cardiovascular disease-related mortality seen for every 1°C increase in 
temperature[15].  As noted previously, exposure to air pollutants is also asso-
ciated with increased morbidity and mortality from ischemic heart disease 
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as well as exacerbation of pre-existing cardiovascular conditions.

Respiratory Diseases
Respiratory conditions such as chronic obstructive pulmonary disor-
der (COPD) and asthma are aggravated by extreme temperatures and 
exposure to pollutants. Hospitalizations related to respiratory diseases 
increase during and immediately following heat waves, particularly in el-
derly people. Exposure to pollutants is associated with the development 
of asthma, especially in children. In 2019, the prevalence of COPD in 
Saudi Arabia was 2053/100,000 people, almost a 50% increase since 
1990[16]. Air pollution is the second greatest contributor to the burden of 
disease of COPD in the Middle East, after smoking[17] with PM2.5 respon-
sible for 67/100,000 age standardized COPD deaths and 1438/100,000 
DALYs in Saudi Arabia in 2016[4]. Asthma prevalence varies widely within 
the Kingdom, ranging between 3.5-33.6%. The weighted prevalence is 
estimated at 14.3% of the population[18]. Although incidence rates have 
remained steady in the Kingdom since the early 2000s[18], asthma re-
mains a common cause of emergency room visits and lost productivity. 
The risk of COPD and asthma morbidity and mortality increase as the 
concentrations of PM2.5 and other pollutants increase.

Allergies and Autoimmune response
Allergies and autoimmune disorders have been on the rise globally for 
the last few decades. A link between changing climate and respirato-
ry allergies is well established, with changes in temperature increasing 
the concentration of common allergens and air pollution. The role of 
climate change in the human inflammatory response is still being inves-
tigated. Exposure to heat and pollutants is linked with the disruption of 
the immune response and microbiota (specifically gut microbes) mak-
ing a person more susceptible to respiratory and food allergies. This 
disruption has been linked to other autoimmune diseases such as Type 
1 diabetes and multiple sclerosis. 

Cancer
Cancer diagnoses and deaths have been climbing both in Saudi Ara-
bia and across the world[14]. Exposure to common air pollutants is rec-
ognized as a contributor to lung cancer and breast cancer[4], the most 
common cancer in the Kingdom. 

Mental Health

Mental health disorders have been on the rise in both Saudi Arabia and 
around the world over the last three decades[14], with depression and anxiety 
among the leading causes of disability in the Kingdom[19]. However, compared 
with other high-income countries, Saudi Arabia has fewer health care profes-
sionals and resources dedicated to mental health[19].

Climate Futures Report
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While much of this increase may be attributed to improved mental health 
awareness combined with better diagnostic tools, there is a clear connec-
tion between physical and mental health. That is, negative physical health can 
cause mental distress, while people experiencing mental health strain often 
have physical health symptoms.

Higher temperatures have been linked to increased anxiety, depression, and 
suicide, while warmer periods can see an increase in the prevalence of be-
havioral problems like aggression and violence. There is evidence to suggest 
that people with pre-existing mental health problems are more likely to re-
lapse or experience worsening symptoms during extreme heat events.

Life threatening extreme weather events or natural disasters, such as pro-
longed droughts and floods, increase the risk of post-traumatic stress disorder, 
anxiety, and depression[20]. People who have lost family, property, or livelihoods 
will experience associated grief. Droughts are significantly associated with sui-
cide risk, particularly in the elderly and people working in agricultural sectors[20].

Additionally, the reality and knowledge of climate change is a major source 
of stress and distress for many individuals. Accessing news regarding cli-
mate change is associated with stress, depression, and feelings of power-
lessness[20], exacerbating mental health impacts even for those not directly 
affected by climate change.

A Healthy Future

The impacts associated with a warming climate threaten the considerable 
public health gains that Saudi Arabia has made over the past several de-
cades. Increasing heat and ongoing exposure to pollutants will continue to 
compromise health while prematurely cutting lives short. However, the King-
dom has an opportunity to invest in climate change mitigation measures, 
such as enhancing bio-surveillance for existing and novel infectious diseases 
and their vectors, and designing public health campaigns to address knowl-
edge of climate change on physical and mental health.

Applying evidence-based measures in the short term will help preserve the 
lives and health of future generations. Further, Saudi Arabia is in a position to 
become a global leader in under-researched areas such as investigating links 
between climate change and the onset of numerous health conditions such 
as the drivers of autoimmune disorders, cancers, and other health conditions, 
providing an invaluable resource in climate research regionally and beyond.

FIGURE 2 ↓

Reducing the impact on 
population health from rising 
temperatures. 
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“In this critical juncture, Saudi 
Arabia faces a momentous choice: 
to adapt and innovate in the face 
of climate adversity, or suffer the 
severe and potentially irrevocable 
consequences of inaction. ”



129129

Navigating an 
Alternative Future

The potential impacts of a 3-degrees warmer world are complex and 
far-reaching. Preparing for them will require strategies that address the many 
multi-faceted influences and cross-sectoral challenges that such a scenario 
might impose. Few if any sectors can be considered in isolation, and the in-
terconnected nature of modern societies hard-wire cascading effects that 
inevitably reverberate across national and international boundaries. Charac-
terizing sectoral and cross-sectoral impacts provides a basis from which to 
guide policy, inform the development of adaptation and mitigation pathways, 
facilitate socio-economic modeling, and pave a pathway to develop more cli-
mate-adaptive and resilient natural, social, and economic systems. 

Prof. Matthew F. McCabe
Climate and Livability Initiative, Biological and Environmental Sciences and 
Engineering (BESE), King Abdullah University of Science and Technology 
(KAUST), Saudi Arabia
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To prepare for any challenge or adversity, it is prudent to identify the antici-
pated impacts and characterize the degree of associated risk. By doing so, 
we can be forewarned of what a possible and uncertain future might bring. In 
this context, climate change represents an imminent threat, and building a 
roadmap of pathways that capture the scope and scale of projected chang-
es that a warming world might bring to Saudi Arabia is a national imperative. 
Armed with such knowledge, one can formulate strategies that address the 
specific consequences and decide, through targeted action, to chart a path 
that seeks to avert impending challenges. 

Saudi Arabia faces a compounding set of climate driven impacts spanning 
our terrestrial and marine ecosystems, water and food security, urban livabil-
ity, industrial and economic activity, and human health and wellbeing. These 
interrelated risks not only imperil the Kingdom’s functional integrity, but also 
threaten its social and economic stability, making it crucial to not just examine 
the impending challenges, but also identify strategies and actions that may 
offer a pathway to an alternative climate future. While some of those emerg-
ing from this report are identified below, a comprehensive assessment of cli-
mate policies, solutions, and adaptation and mitigation strategies is required. 

Terrestrial and Marine Ecosystems.
Saudi Arabia’s rich and diverse natural systems are under threat from 
both anthropogenic and climate related stressors. Unabated, these 
pressures will reduce ecosystem capacity to absorb ongoing impacts, 
risking breakdown and collapse. While protection, restoration and re-
habilitation efforts are critically important, targeted emission reduction 
is the only lever to ensure long-term ecosystem integrity. Key actions 
needed to enhance ecosystem resilience include:

	■ Investment in research, as well as in innovative approaches for 
restoration, rehabilitation, monitoring, and sustainable develop-
ment is needed. Such efforts also need to include engagement 
with local communities and stakeholders, as is ensuring that local 
governance is strengthened by equipping authorities and stake-
holders with the necessary scientific training, resources, and sup-
port required to manage and protect ecosystems;

	■ A catalog of the state of natural resources and biodiversity across 
Saudi’s ecosystems, and implementation of long-term monitoring 
strategies to track changes in response to climate change and 
other human pressures. In parallel, accelerate the establishment 
of terrestrial and marine protected areas, controlling grazing in 
terrestrial systems and fishing in marine environments, and the 
development of an ecosystem accounting framework;

	■ Environmental awareness campaigns engage the public and 
instill a sense of responsibility and ownership for conservation 
and protection efforts. Likewise, implementing economic incen-
tives for business and industry that prioritize sustainability and 
resource management encourages sustainable practices and 
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responsible consumption, advancing the goals of Saudi Vision 
2030;

Water and Food Security
Saudi Arabia is one of the most water scarce nations in the world and 
decades of unsustainable groundwater extraction to support a domestic 
agricultural industry has exacerbated the water scarcity challenge. While 
desalination provides stability for household water needs, it comes with 
a significant energy and emissions burden. In light of local and global 
freshwater challenges, food security poses a major concern, particular-
ly given the reliance on imported food. A shortfall in either water or food 
supply represents an unacceptable risk that challenges national security. 

	■ Urgency is required to implement policies and processes to use 
water wisely. Current rates of consumption are unsustainable and 
utilization is not economical given the true cost and value of water. 
Putting a price on water has been shown to accelerate the adop-
tion of water saving practices. Education and awareness also play 
an important role, with conservation and reduction measures, to-
gether with healthy diets and food waste management, all helping 
to drive a more efficient water-food sector;

	■ Climate changes and unsustainable groundwater extraction are 
impacting the stability of major food producing regions around the 
world. A diversity of import sources is required to manage risks and 
resilience in food supply. Recent international conflicts highlight 
the disruptive potential of geopolitical issues: which can also have 
a climate driver;

	■ Investment in aquaculture, smart agriculture, controlled environ-
mental agriculture and the production of alternative food sources 
can all buffer potential changes in local and global food produc-
tion. Policy changes will need to reflect domestic sustainability, 
global food import security and resilience to climate impacts.

Urban Systems and Livability
Located in one of the most urbanized regions in the world, Saudi Ara-
bia is particularly vulnerable to the impacts of climate change, with ex-
treme heat, deteriorating air quality, and flooding threatening the livabil-
ity, health, and safety of urban populations. Interactions between these 
challenges highlight the complexity of urban climate resilience, with 
issues like extreme heat exacerbating air pollution and flooding creat-
ing conducive conditions for vector-borne diseases. Such connectivity 
underscores the need for holistic and integrated strategies:

	■ Resilient and adaptive measures are imperatives, particularly with 
regards to any urban planning and infrastructure development. 
Given the increasing energy footprint of modern cities, the adop-
tion of climate-resilient energy systems, efficient cooling strate-
gies, and climate adaptable infrastructure needs to be regulated 
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in future developments; 
	■ Urban areas should invest in early warning systems, evacuation 

plans, and disaster preparedness to protect citizens from extreme 
weather events like floods and storms, as well as prolonged heat-
waves. Coastal cities will need to implement measures to mitigate 
the impacts of sea level rise and storm surges on infrastructure and 
the provision of services;

	■ Multifaceted solutions need to be guided by robust policies and 
integrated planning. Sustainable practices such as decarboniza-
tion, efficient resource use, and innovative technologies are key to 
mitigating climate-related challenges. A collaborative approach 
that involves policymakers, urban planners, industry stakeholders, 
and communities will be required. Embracing climate adaptive 
urban planning, promoting sustainable energy sources, and en-
hancing critical infrastructure will help create a more resilient and 
sustainable urban environment.

Energy and Industry
Despite serving as the backbone of the Saudi economy, there is a con-
cerning gap in our understanding of how climate change will impact the 
energy and industrial sectors in the Kingdom. 

	■ A dedicated national research program identifying and track-
ing the potential impacts of climate change on different sectors 
is needed. Aligned to this is the development of a framework to 
establish the economic value of early climate action (and cost of 
inaction), as well as an approach to incorporate climate impacts 
into planned mitigation strategies that can account for mitigation 
co-benefits that adaptation measures might provide;

	■ Given that energy and industrial sector investments generally 
last for decades, integrating climate impacts and climate change 
projections into financial decision making is vital to ensure the 
resilience of such investments to future climate conditions and 
to reduce their vulnerability to physical and transitional risks (i.e., 
stranded assets);

	■ Given the abundance of renewable resource potential in the King-
dom, continued investment into the electrification of “end-use” 
sectors (i.e. transportation, industrial, residential, and commercial 
sectors) as well as a diversification of energy sources (e.g., nucle-
ar, hydrogen, alternative fuels) to support harder to abate sectors 
is required. Ultimately, nations will need to decarbonize their ener-
gy systems if we are to “drawdown” emissions that have accumu-
lated in the atmosphere. 

Health and Wellness
Anticipated climatic changes threaten human health through multiple 
pathways. Increases in average temperatures and worsening air qual-
ity will stress all bodily systems, inducing direct health concerns such 
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as heat stroke, and indirect issues including an increasing burden of 
chronic diseases such as heart disease, respiratory conditions, and 
cancers. Changing environmental conditions risk the spread of com-
mon communicable diseases such as viral respiratory infections and 
diarrheal contagions, increasing the incidence, morbidity, and mor-
tality from these agents. Vector-borne diseases such as dengue, may 
also shift unpredictably, while there is a heightened risk of emergence 
in novel pathogens, potentially triggering the next pandemic. Targeted 
strategies and action will be required to combat these impacts: 

	■ Considered urban planning can improve health outcomes, reduce 
the impact of rising heat and improve air quality. Evidence-based 
interventions include developing safe and efficient public trans-
portation (to reduce high emission personal vehicles); incorporat-
ing green spaces to provide shade (which decreases heat related 
illness and mortality); and investing in energy efficient building 
designs that maintain optimal indoor temperatures while emitting 
minimal heat into the environment (reducing the energy footprint 
of the building sector);

	■ Invest in research to better understand the epidemiological con-
nection between climate change and chronic conditions, estab-
lishing Saudi Arabia as a global leader in this under-studied, yet 
critical, field. In parallel, promote public health campaigns to raise 
awareness of the impacts that climate change (particularly cli-
mate extremes) can have on mental and physical wellbeing, ed-
ucating people to recognize the early signs of heat related health 
concerns, particularly in at risk groups;

	■ Strengthen national efforts regarding infectious disease manage-
ment and vector control, while participating in international col-
laborations to support bio-surveillance networks for the early de-
tection and response to existing and novel pathogens, particularly 
those with epidemic and pandemic potential.

As Saudi Arabia and the world confront the impacts of a warming world, we 
must recognize the inherent interconnectedness of these challenges and pri-
oritize integrated solutions. Strategies that are guided by robust policies and 
collaborations between stakeholders will be essential for building resilience 
and safeguarding the wellbeing of citizens. More generally, the adoption of 
systematic approaches across all of the different sectors explored herein will 
be needed to overcome potential trade-offs in climate actions, while maxi-
mizing synergies between them.

Left unchecked, climate change poses a significant threat to the global econ-
omy. Conversely, a swift transition to net-zero can help avoid some of the con-
sequences described herein, while delivering economic gain over the com-
ing decades. In this critical juncture, Saudi Arabia faces a momentous choice: 
to adapt and innovate in the face of climate adversity, or suffer the severe and 
potentially irrevocable consequences of inaction. 
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