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Abstract 
The United Nations Intergovernmental Panel on Climate 

Change's (IPCC) Special Report on Climate Change and Land (SRCCL), 

also known as the "Special Report on climate change, desertification, 

land degradation, sustainable land management, food security, and 

greenhouse gas fluxes in terrestrial ecosystems" is a landmark study by 

107 experts from 52 countries. The SRCCL provided a comprehensive 

overview of the entire land-climate system for the first time and decided 

to enlist land as a "critical resource." On Wednesday, August 7, 2019, in 

Geneva, Switzerland, the IPCC's 50th session (IPCC-50) adopted the 

SRCCL's Summary for policymakers (SPM) and approved the report. 

The report is the second of three Special Reports in the current Sixth 

Assessment Report (AR6) cycle, which began in 2015 and will be 

completed in 2022. The third chapter of the special report deals with the 

relationship between desertification and potential climate change. It 

reviews research on desertification-affected oases and the impact of 

climate change in the Kingdom of Saudi Arabia, Egypt, and Tunisia. 

This review paper discusses oases in hyper-arid climates as affected by 

climate change. Emphasis has been lent to the Siwa Oasis as an example 

of the areas impacted by climate change in Egypt. Concluding remarks 

and recommendations have also been provided to tackle climate change 

in affected oases. 

Hussein, I.S. 1, and Ali, A.M.2 

1. Division of Ecology and Dry Land Agriculture, Desert Research Center, Cairo, Egypt 

2. Division of Water Resources and Desert Soils, Desert Research Center, Cairo, Egypt 

The National Committee of Soil Science, Academy of Scientific Research and Technology, 

Egypt. 

Article 

Vulnerability of Oases in Hyper-arid Areas in The Arabian Peninsula and 

Northern Africa to Climate Change 

 
 

 

 

 

  

    

                            

 
 

                 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

https://jdea.journals.ekb.eg/


JDEA., 2 (1): 1-11, 2022                                                                                             Hussein et al 

 

2 
 

1. Introduction 
Much of the arid lands have 

undergone a considerable anthropogenic 

change (Scanlon et al., 2006; Bounoua et 

al., 2009; Georgescu et al., 2009; Fricke et 

al., 2009; Gao et al., 2010; Xu et al., 2011; 

Li et al., 2012), mainly via urbanization 

and land-use changes. Several publications 

have appeared in recent years documenting 

that aridification patterns worldwide, 

especially in oases, have been increased 

(e.g., Sheffield et al., 2009; D’Odorico et 

al., 2013; Li et al., 2016). This increase has 

been detected in Africa, East, South Asia, 

East Australia, and South Europe since the 

middle of the 20th century (Dai, 2011). In 

the same period, the long-term global 

warming trend has also increased (Ji et al., 

2014; Huang et al., 2016), posing a serious 

effect on arid regions. The aridity 

associated with rapid warming is attributed 

to increases in greenhouse gas emissions 

(Burke et al., 2006; Solomon et al., 2007) 

due to anthropogenic activities. Zhang et 

al. (2007) investigated the anthropogenic 

nature of these changes in terms of the 

global patterns of precipitation. 

About hyperarid areas, Safriel et al. 

(2006) stated that deserts were warmed-up 

between 1976 and 2000 at an average rate 

of 0.2–0.8 ºC per decade. They further 

stated that global warming is expected to 

induce an overall increase in rainfall in 

these areas. Nonetheless, the water loss in 

evapotranspiration due to the increase in 

temperature may be greater than the water 

gained via rainfall. An important 

implication of climate model simulation by 

Feng and Fu (2013) showed that the area 

of global drylands is projected to enlarge 

by around 10% by 2100. In the same line, 

Li et al. (2016) reported that desert regions 

are expected to expand to up to 50% of the 

global land area by the end of this century.  

Since oases are among the most 

prominent features of the desert in the 

Arabian Peninsula and North Africa, 

coupled with their vulnerability to climate 

change, this review paper aims to shed 

light on the sensitivity of these regions to 

different forms of degradation, as well as 

the aspects of adaptation to climate 

change. Siwa is discussed in greater depth 

as an Oasis influenced by climate change 

in Egypt. 

2. The vulnerability of oases in 

hyper-arid climate 

Despite their relatively small size, 

oases are important sources of fresh water 

in arid regions. In harsh desert 

environments where water is scarce, an 

Oasis can be considered a green patch, 

where water is found to support life. 

Moreover, oases are gaining attention 

nowadays as hot spots of climate change 

as they are threatened by desertification 

through various mechanisms. Oasis 

agriculture has long been the only viable 

crop production system throughout the hot 

and arid regions of the Arabian Peninsula 

and North Africa (Fig. 1). Oases in hyper-

arid climates are typically prone to water 

scarcity as evapotranspiration exceeds 

rainfall. This often causes salinization of 

soils. Although several oases have 

persisted for several thousand years, 

several others have been abandoned, 

mostly in response to climate change or 

hydrological conditions (Jones et al., 

2019), providing testimony to societies’ 

vulnerability to climatic shifts raising 

concerns about similarly severe effects of 

anthropogenic climate change.  

Climate change is expected to have 

significant and complex effects on oasis 

areas on the Arabian Peninsula and North 

Africa (Abatzoglou and Kolden, 2011; 

Guan et al., 2018). For example, 

hydrological and thermal shifts are 

predicted to affect oases in southern 

Tunisia by the 2050s, with an average 

temperature rise of 2.7 °C, a 29% decline 

in precipitation, and a 14% increase in 

evapotranspiration (Ministry of 

Agriculture and Water Resources of 

Tunisia and GIZ, 2007). In Morocco, the 

diminishing aquifer recharge is projected 

to affect the water supply of the Figuig 

oasis (Jilali, 2014) and the Draa Valley 

(Karmaoui et al., 2016). Saudi Arabia is 

predicted to undergo a 1.8-4.1°C rise in 

temperatures by 2050, which is estimated 

to increase agricultural water demand by 
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5-15% to sustain a level of production 

comparable to that in 2011 (Chowdhury 

and Al-Zahrani, 2013). Increased 

temperatures and a variable pattern of 

rainfall in the central, northern, and south-

western regions of Saudi Arabia could 

pose challenges to sustainable water 

resource management (Tarawneh and 

Chowdhury, 2018). Besides, potential 

climate scenarios are likely to increase the 

frequency of floods and flash floods, for 

example, in coastal areas and the central 

parts of the Red Sea and the south-

southwestern areas of Saudi Arabia 

(Almazroui et al., 2017).  

While many oases are cultivated with 

highly heat-tolerant crops, such as date 

palms, such crops eventually lose their 

productivity when temperatures exceed 

certain thresholds, or hot conditions 

prevail for long periods of time. 

Projections to date do not indicate serious 

declines in land suitability for date palm 

for the Arabian Peninsula (Aldababseh et 

al., 2018). However, it is not clear how 

reliable the climate response parameters in 

the underlying models are, and the actual 

results could differ significantly. Date 

palms are generally thought to be able to 

withstand extreme heat. However, recent 

transcriptomic and metabolic evidence 

suggests that heat stress reactions begin at 

35°C (Safronov et al., 2017), not 

exceptionally warm for many oases in the 

area. However, given the current 

assumptions about the date palm's heat 

tolerance, the adverse effects are expected 

to be minimal (Aldababseh et al., 2018). 

For some other perennial oasis crops, the 

effect of temperature rises is already 

evident. Between 2004-2005 and 2012-

2013, Oman's Al Jabal Al Akhdar high-

mountain oases lost almost all temperate-

zone fruit and nut trees, with a surplus of 

peaches and apricots grapes, figs, pears, 

apples, and plums dropping by between 

86% and 100%. (Al-Kalbani et al., 2016). 

This means that the local climate will not 

remain acceptable for species that rely on 

cool winters to break their dormancy 

period (Luedeling et al., 2009). Similar 

impacts are likely to occur in Tunisia and 

Morocco and other oasis locations in the 

Arabian Peninsula and North Africa 

(Benmoussa et al., 2007). These studies 

predict strong decreases in winter chills, 

raising concerns that many already well-

established species would no longer be 

viable in areas where they are currently 

grown. The risk of detrimental chill 

shortfalls is expected to increase gradually, 

slowly diminishing the economic 

prospects to produce such species. 

Without appropriate mitigating actions, 

this development's effects will be very 

negative for many traditional oasis 

settlements and other plantations of similar 

species. Simultaneously, population 

growth and agricultural expansion in many 

oasis settlements are leading to substantial 

increases in water demand for human 

consumption (Al-Kalbani et al., 2014). For 

example, a great demand for unmet water 

was predicted for future scenarios for the 

Seybouse valley in East Algeria (Aoun-

Sebaiti et al., 2014). Similar conclusions 

were drawn for Wadi El Natrun in Egypt 

(Switzman et al., 2018). Modeling studies 

have shown a long-term decrease in 

available water and a growing likelihood 

of water scarcity, e.g., in oases in Morocco 

(Johannsen et al., 2016; Karmaoui et al., 

2016), in the Dakhla Oasis in the Western 

Desert of Egypt (Sefelnasr et al., 2014) 

and the Large Upper Mega Aquifer of the 

Arabian Peninsula (Siebert et al., 2016), 

Mainly due to the risk of water shortages.  

Continuous water depletion, increasing 

soil salinization, and soil contamination 

are currently threatening the maintenance 

of oasis systems and their communities' 

livelihoods (Besser et al., 2017). 

Waterlogging and soil salinization due to 

increasing saltwater tables and inadequate 

drainage systems have become common to 

all the mainland oases in Tunisia, most of 

which are clustered around salt 

depressions, locally known as chotts (Ben 

Hassine et al., 2013). Due to agricultural 

developments, inefficient water use for 

irrigation, and drainage system failures, 

similar salinization processes also occur in 
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Egypt's oases (Abo-Ragab, 2010; Masoud 

and Koike, 2006). 

Many oases in North Africa and 

the Arabian Peninsula are thought to be 

vulnerable to climate change. While it is 

difficult to distinguish the effects of recent 

climate change from those of other change 

processes, water supplies have already 

deteriorated in many areas, and the 

suitability of the local climate for many 

crops, especially perennial crops, has 

already decreased. This decline of water 

supplies and thermal suitability of oasis 

locations for conventional crops is very 

likely to continue throughout the 21st 

century. People living in oasis regions 

worldwide will face problems in the 

coming years as the effects of global 

environmental change intensify (Chen et 

al., 2018). Hence, efforts to increase their 

adaptive capacity to climate change can 

facilitate the sustainable development of 

oasis regions globally. This will require 

addressing the trade-offs between 

environmental restoration and agricultural 

livelihoods in particular (Chen et al., 

2018). Ultimately, sustainability in oasis 

regions will rely on policies that integrate 

ecosystem services and social and human 

welfare needs. 

 

 

FIGURE 1OASES ACROSS THE ARABIAN PENINSULA AND NORTH AFRICA (ALPHABETICALLY BY COUNTRY): (A) 

MASAYRAT AR RUWAJAH OASIS, AD DAKHILIYAH GOVERNORATE, OMAN. PHOTO: EIKE LÜDELING; (B) 

TASSELMANET OASIS, OUARZAZATE PROVINCE, MOROCCO.  PHOTO: ABDELLATIF KHATTABI. (C) AL
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3. Siwa oasis as an example of the 

areas affected by climate change 

in Egypt. 

The oases in Egypt are the most 

prominent features of the Western Desert 

as green patches. The five inhabited 

Egyptian oases in the Western Desert are 

Siwa, Bahariya, Farafra, Dakhla, and 

Kharga, which contain the largest 

underground water reservoir. Siwa Oasis is 

located in the northern part of the Western 

Desert of Egypt, 300 km south of the 

Mediterranean coast and near the Libyan 

border as a natural deep depression about 

20 m below sea level (Fig. 1). It is one of 

the most isolated Egyptian settlements in 

the Western Desert with people who have 

developed a unique culture. The people of 

Siwa, with a population of 28300 

individuals (DRC, 2016), speak their own 

language, which is closer to the Berber 

people of the desert.  

Groundwater is one of Siwa's most 

valuable resources. Agriculture has been 

and continues to be the most important 

economic activity in Siwa by cultivating 

dates and olives, which play a significant 

role in rural livelihoods. Currently, some 

280,000 date palms produce some 25.000 t 

of dates per year, corresponding to 

approximately 2% of Egypt's total date 

production. Siwa is also a major national 

olive producer with a total annual 

production of 27,500 t (DRC, 2016). 

Tourism has recently become a vital source 

of income, and attention has been paid to 

building hotels with local materials that 

exhibit unique local styles (El-Ramady et 

al., 2018). Siwa oasis has been recognized 

as a Globally Important Agricultural 

Heritage Site (GIAHS) by FAO as an in-

situ repository of plant genetic resources, 

in particular the uniquely adapted varieties 

of the date palm, olive and secondary crops 

that are highly valued for their quality and 

continue to play a significant role in rural 

livelihoods and diets (FAO, 2016). 

 

 
FIGURE 2THE SATELLITE IMAGE OF THE SIWA OASIS, EGYPT. SOURCE: GOOGLE EARTH.  
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The population growth in Siwa is 

leading to rapid agricultural expansion and 

land reclamation. The Siwan farmers are 

transforming the surrounding desert to 

reclaimed land by applying their old 

traditional heritage practices. However, 

agricultural expansion in the oasis depends 

primarily on non-renewable groundwater. 

Soil salinization and vegetation 

degradation (Fig. 3) have accelerated since 

2000 due to water mismanagement and 

insufficient drainage systems (Masoud and 

Koike, 2006). Between 1990- 2008, the 

cultivated area increased from 53 to 88 

km2, lakes from 60 to 76 km2, sabkhas 

(salt flats) from 335 to 470 km2, and the 

urban area from 6 to 10 km2 (Abo-Ragab, 

2010). Climate change intensified rising 

groundwater tables (Askri et al., 2010; Gad 

and Abdel-Baki, 2002; Marlet et al., 2009). 

Masoud and Koike (2006) 

advocated acceleration in the rate of soil 

salinization and vegetation death in the 

Siwa oasis after the year 2000. Satellite 

images were analyzed and concluded that 

85 km2 of land in the Oasis had been 

salinized during 1987–2003, with a 

vegetation loss of some 21 km2. Besides, 

they argued that this rise in salinization is 

positively linked to relative climate 

warming and insufficient drainage 

systems, combined with the lack of an 

effective strategy for managing water 

supplies. In support of this, Gad and 

Abdel-Baki (2002), Marlet et al.(2009), 

and Askri et al.(2010) stated that 

inefficiency in water use by farmers is a 

major cause of secondary salinization in 

the Oasis. Prevention of soil salinization 

has been proposed in several studies in 

similar areas in India, China, and Pakistan 

(e.g., Boumans et al., 1988; Ghassemi et 

al., 1995; Morris and Collopy, 1999; Qadir 

and Oster, 2002; Wang and Li, 2013). 

These recommendations revolve around 

reducing water inflow into the lakes, 

subsoil, and shallow water-table and using 

means for removing excess water from the 

subsoil. 

 

 

FIGURE 3A PHOTOGRAPH SHOWING TOPSOIL SALINIZATION AND VEGETATION DEATH DUE TO THE INCREASE IN 

WATER-TABLE IN SIWA OASIS (TAKEN FROM MASOUD AND KOIKE, 2006). 

 

4. Concluding remarks and 

recommendations 
Desertification and climate change 

would decrease dryland ecosystem 

resources and ecosystem protection, 

including biodiversity losses, both 

separately and in conjunction. 

Desertification worsens climate change by 

various processes, including changes in 

vegetation cover, sand and dust aerosols, 

and other factors. Integrated crop, soil and 

water management strategies can be used 

to reduce soil degradation and improve 

agricultural production systems' sensitivity 

to the effects of climate change. Crop 

diversification and the use of drought-

tolerant crops, reduced tillage, the 

implementation of advanced irrigation 

techniques and moisture management 
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methods (e.g., rainwater harvesting using 

indigenous and local practices), and the 

maintenance of vegetation and mulch 

cover are all examples of these strategies. 

Furthermore, rural households' resistance 

to desertification and severe weather 

events, such as droughts, is strengthened 

by on-farm and off-farm livelihood 

diversification strategies. 

Regarding oases, the water supply for 

agriculture is likely to become much more 

limited in the future due to changing 

climate, and feasible solutions are difficult 

to come through. Although some authors 

emphasize the possibility of using 

desalinated water for irrigation, the 

economics of such options is debatable, 

particularly given the Arabian Peninsula's 

and North Africa's high evapotranspiration 

rates. Many oases are situated far away 

from water supplies appropriate for 

desalination, further complicating the 

situation. As a result, most authors 

emphasize the importance of restricting 

water use, e.g., increasing irrigation 

efficiency, reducing agricultural areas, or 

enforcing water-use limits, as well as 

closely monitoring desertification. 

Whether the adoption of low-water crops, 

such as sorghum or jojoba, could be a 

viable choice for some oases remains to be 

seen, but given their comparatively low-

profit margins compared to currently 

grown oases, there are reasons for 

doubting the economic viability of such 

proposals. While it is currently uncertain to 

what degree oasis farming can be sustained 

in hot locations in the area, cooler sites 

potentially shift to new species and 

cultivars, especially for tree crops, which 

have particular climatic needs across 

seasons. Resilient options can be 

established, but procedures to fit tree 

species and cultivars with a site 

environment need to be strengthened to 

promote successful adaptation. 
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