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Abstract 

The goal of this report is to encourage and facilitate regional coordination so that food 
production becomes more adaptable and resilient to climate change. The report provides a 
comprehensive assessment of the impact of climate change on livestock production, food 
security, land degradation, and fisheries and aquaculture in the Eastern Mediterranean and 
Middle East (EMME) region, which comprises Bahrain, Cyprus, Egypt, Greece, the Islamic 
Republic of Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Ara-
bia, the Syrian Arab Republic, Turkey, the United Arab Emirates (UAE), and Yemen. 

Primary food production is one of the region’s most important economic activities, repre-
senting 6.03% of the region’s mean GDP — ranging from 0.19% in Qatar to 22.5% in Syria. 
The sector is concomitantly an essential source of employment, accounting for as much 
as 28.3% of employment in Yemen in 2020 and as little as 0.89% in Israel, with the mean 
in the region estimated at 9.38%.

Modelling predicts worsening climatic conditions for food production at the middle and 
the end of the century. Crops, livestock, and aquaculture are expected to be affected by 
more intense heat waves, higher average temperatures, and deeper and more frequent 
droughts. Higher temperatures and more variable rainfall are expected to increase the 
region’s aridity, exacerbating the already-low productivity of agricultural ecosystems and 
shrinking biodiversity. Loss of biodiversity in managed and unmanaged ecosystems will 
negatively affect ecosystem services, with immense repercussions for the region.

Mobilisation of resources for knowledge transfer and investments in agricultural ecosys-
tems is essential to enhance the sector’s adaptation to climate change. Resources for 
research and development related to crops, livestock, and aquaculture sectors are urgently 
needed to develop tools and instruments to face the challenges of climate change in the 
food sector. Access to new knowledge, information, funding, infrastructure, and institu-
tions strengthens the adaptive capacity of people in the food industry. Low-income com-
munities and overexploited natural resources are likely to adapt less well to climate change 
than farmers and communities in well-connected areas of richer countries.

Knowledge, when translated into policy, will enable farmers to raise the productivity of 
agricultural ecosystems and the quality of food products, thereby combatting malnutrition, 
another serious problem in the region.
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Executive summary 

The goal of this report is to encourage and facilitate regional coordination so that food 
production becomes more adaptable and resilient to climate change. The report provides a 
comprehensive assessment of the impact of climate change on livestock production, food 
security, land degradation, and fisheries and aquaculture in the Eastern Mediterranean and 
Middle East (EMME) region, which comprises Bahrain, Cyprus, Egypt, Greece, the Islamic 
Republic of Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, 
the Syrian Arab Republic, Turkey, the United Arab Emirates (UAE), and Yemen. 

All segments of the region’s food chain have already been affected by climate change, and 
future scenarios show that the sector will undergo further pressure from changes in the 
climate. Ongoing global and regional deforestation owing to devastating forest fires over 
the past decade has turned major forest ecosystems (e.g. in the Amazon, Siberia, Indone-
sia, and Australia) into emitters rather than absorbers of greenhouse gases. In the EMME 
region, additional forest losses due to local fires are expected to worsen the negative 
effects of drought and high temperatures, with unprecedented consequences for the food 
chain. Moreover, the EMME countries face rapid urban expansion and population growth 
while having varying success in economic growth and employment. 

Primary food production is one of the region’s most important economic activities, repre-
senting 6.03% of the region’s mean GDP — ranging from 0.19% in Qatar to 22.5% in Syria 
(FAO, 2018). The sector is concomitantly an essential source of employment, accounting 
for as much as 28.3% of employment in Yemen in 2020 and as little as 0.89% in Israel, 
with the mean in the region estimated at 9.38% (World Bank, 2020).

The EMME region faces extreme shortages of water, the most critical component of pri-
mary production, while managing conflict and the resulting migration and refugee flows. 
These facts have aggravated challenges in food production and distribution. 

Some countries (and some areas within countries) are more vulnerable than others to 
the risks and hazards of climate change. Agricultural activities in inland areas will face 
greater stresses from drought and heat, while agricultural land in coastal areas will con-
tend chiefly with salt intrusion and flooding. Irrigated crops are less sensitive to drought 
and heat stress than rainfed crops, while fishing activities are more susceptible to storms 
and other extreme coastal events. 
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Modelling predicts worsening climatic conditions for food production at the middle and 
the end of the century. Crops, livestock, and aquaculture are expected to be affected by 
more intense heat waves, higher average temperatures, and deeper and more frequent 
droughts. Higher temperatures and more variable rainfall are expected to increase the 
region’s aridity, exacerbating the already-low productivity of agricultural ecosystems and 
shrinking biodiversity. Loss of biodiversity in managed and unmanaged ecosystems will 
negatively affect ecosystem services, with immense repercussions for the region. 

Responding to the challenges of climate change will require a paradigm shift in the prac-
tice of agriculture and the role of livestock in farming systems. Animal production systems 
trail in key areas, including climatic adaptation, rangeland ecology, and pastoral manage-
ment. Integrating grain production with pasture plantings and livestock could result in a 
more diversified system more resilient to higher temperatures, elevated carbon dioxide, 
uncertain precipitation, and other dramatic effects resulting from global climate change.

The fight to secure food production in the EMME region will hinge on policies and measures 
adopted mainly at the national level. Still, efforts should be regionally coordinated – espe-
cially with respect to fundamental reforms and synergies. At the regional level, key policy 
guidance should involve institutional interactions, technical upgrades, and science-based 
solutions. 

Mobilisation of resources for knowledge transfer and investments in agricultural ecosys-
tems is essential to enhance the sector’s adaptation to climate change. Resources for 
research and development related to crops, livestock, and aquaculture sectors are urgently 
needed to develop tools and instruments to face the challenges of climate change in the 
food sector. Access to new knowledge, information, funding, infrastructure, and institu-
tions strengthens the adaptive capacity of people in the food industry. Low-income com-
munities and overexploited natural resources are likely to adapt less well to climate change 
than farmers and communities in well-connected areas of richer countries.

Knowledge, when translated into policy, will enable farmers to raise the productivity of 
agricultural ecosystems and the quality of food products, thereby combatting malnutrition, 
another serious problem in the region.
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1. Scope and objectives

A good deal of research has been done since the 1990s to estimate the effects of climate 
change on agriculture (for reviews, see [2c], [2d]). Most global and regional surveys indi-
cate that the Mediterranean basin will be heavily affected by climate change ([2], [2b], [2e]).

Agricultural production has been identified as the economic activity most sensitive to the 
effects of climate change in some countries of the eastern Mediterranean, but similarly 
detailed studies are lacking elsewhere in the region, raising uncertainty about the type and 
intensity of adaptation and mitigation measures. 

In view of the above, the objectives of this task force are as follows: 

• To identify gaps in our knowledge about the effects of climate change on crop, 
animal, and fish production systems, with special emphasis on the most vulnerable 
system components and the corresponding natural resources. 

• To estimate in quantitative terms – based on the projections of regional climate 
models through the end of this century – the impacts of climate change on food 
production systems in the EMME countries under various emission scenarios. 

• To prepare a common plan for mitigating and adapting to the effects of climate 
change in the food sector of the EMME region. 

• In parallel, to evaluate the implementation of national plans to identify possible gaps 
and failures – and to propose policy actions for amending those plans.
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2. Geographic setting 

This report focuses on the region of the Eastern Mediterranean and the Middle East 
(EMME), as illustrated in Figure 1. The socio-economic, cultural and political contexts vary 
considerably across the constituent countries: Bahrain, Cyprus, Egypt, Greece, Iran, Iraq, 
Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey, the 
United Arab Emirates (UAE) and Yemen. 

Often described as “the cradle of civilisation,” the EMME region is also where agricultural 
practices were originally developed and then disseminated to the rest of the world [1]. Yet 
today the region is among those most vulnerable to climate change [2]. Diverse climates 
and cultures characterise the densely populated region, whose population of 419 million 
has an annual growth rate of 1.67%. The GDP of the EMME region is USD 3.6 trillion, with 
an average annual growth rate of 1.45%. The vast differences among the countries arise 
mainly from the inherent characteristics of each country. For example, the 2019 economic 
growth rate in Egypt was 5.5%, whereas in Lebanon it was -5.6%. Figure 2 illustrates the 
region’s rising population, with growth due almost entirely to urbanisation. 

Food production systems in the EMME countries – agriculture, livestock and fisheries – 
are important economic activities. In addition, they are rural cornerstones for social cohe-
sion, vital for preserving local communities. Today the contribution of the primary sector to 

FIGURE 1. Countries included in the Climate Change Initiative
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GDP is 3.06%, with wide disparities between countries. It is clear from the available data 
that the contribution of the primary production sector to GDP has plunged in all countries 
of the region since 1990, though, again, the declines differed from country to country. In 
Cyprus, for example, the contribution of the primary sector to GDP dropped by 70% and in 
Israel by 11%. Surprisingly, it grew by 22% in Kuwait.

The region comprises countries with many different climates, ranging from all subtypes of 
the Mediterranean to semi-arid and arid climates (Figure 3). Temperatures have risen in 
all countries of the region relative to the baseline of 1951-1980, but they have risen more 

FIGURE 2. Population growth the EMME region from 2000 to 2050

Source: FAO. 
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FIGURE 3. The EMME region according to the Köppen-Geiger climate classification
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in some (Figure 4). Mountains, plains and deserts form an intense relief, and many areas 
have very long coastlines (Figure 5). The variability in climate, geographical location, geo-
logical history and topography is reflected in the rich variety of ecosystems, especially in 
the Mediterranean parts of the EMME region. 

FIGURE 4. Temperature change (°C) from baseline period of 1951-1980 to 2019 
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3.  Food ecosystems and climate change 

This section provides an overview of the current situation in the EMME region. It will iden-
tify research gaps related to technology adoption and maturity, as well as peripheral issues 
such as data availability and data sharing.

3.1. Livestock 
Livestock accounts for a substantial portion of agricultural GDP, often more than half, in 
the EMME countries. Climate change is a major threat to the sustainability of livestock 
systems globally and will affect livestock performance throughout the region. Most pre-
dictive models suggest a detrimental impact. Climate change may manifest itself as rapid 
changes occur in the short term (a couple of years) or as more subtle changes take place 
over decades.1 

Weather extremes – intense heat waves, floods, and droughts – pose the gravest difficulty 
for livestock. Farm animals are adversely affected by the detrimental effects of extreme 
weather. Climatic extremes and seasonal fluctuations in the quantity and quality of herb-
age affect the well-being of livestock and will lead (or already have led) to efficiency 
declines in production and reproduction [1]

In addition to production losses, extreme events also result in livestock deaths. Animals 
raised in climate-change hotspots like the EMME region can adapt, given enough time, 
to hotter and drier weather, but response mechanisms that foster survival may harm 
performance. 

3.1.1. Direct and indirect effects of climate change on livestock
The most significant direct impact of climate change on livestock production comes from 
heat stress. Heat stress results in a significant financial burden to livestock producers 
through decreases in milk production, meat production, reproductive efficiency and animal 
health. Thus, higher air temperatures, such as those predicted by various climate change 
models, could directly affect animal performance.

But most of the production losses result from indirect impacts of climate change, largely 
through reductions in, or non-availability of, food and water resources. Climate change has 
the potential to affect the quantity and reliability of forage production, the quality of forage, 

1. Generally, climate change is associated with increasing global temperatures. Various climate model projections suggest that by the year 2100, 
mean global temperature may be 1.1–6.4 °C warmer than in 2010.
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the availability of water for the cultivation of forage crops, and broad patterns of rangeland 
vegetation. In the coming decades, crops and forage plants will continue to be subjected 
to warmer temperatures, elevated carbon dioxide and wildly fluctuating water availability 
due to changing precipitation patterns. 

Climate change can adversely affect the productivity, composition, and quality of forage 
species, with potential impacts not only on forage production but also on other ecological 
landscapes. In several world regions, wide fluctuations in distribution of rainfall during the 
growing season greatly affect forage production. 

Changes in temperature and weather affect the quality, quantity and distribution of rain-
fall, snowmelt, river flow and groundwater. Climate change can increase the intensity of 
precipitation, leading to greater peak runoffs. Longer dry spells may lessen groundwater 
recharge and shrink river flow, thereby reducing the availability of water for agriculture 
and drinking. The deprivation of water disrupts animals’ physiological homeostasis, lead-
ing to a loss of body weight, low reproductive rates and lower resistance to diseases. More 
research is needed into water resource vulnerability to climate change in order to support 
the development of adaptive strategies for agriculture. In addition, emerging diseases, 
including vector-borne diseases that may arise because of climate change, will result in 
severe economic losses.

Animals reared in arid or extreme environments such as those found in the EMME region 
are generally subjected to more than one stressor at a time. Multiple stressors greatly 
affect animal production, reproduction and immune status. Most studies that have investi-
gated the effects of environmental stress on livestock have generally studied one stressor 
at a time because comprehensive, balanced multifactorial experiments are technically dif-
ficult to manage, analyse, and interpret [2]. When the animals were subjected to heat and 
nutritional stress as separate events, the impact of a single stressor was not as detri-
mental to growth and reproductive performance, as was the case when the animals were 
subjected to both stressors at the sameme [2]. The combined stressors had major effects 
on growth and reproductive parameters. In addition, the adaptive mechanisms exhibited by 
these animals were different for individual stressors compared with combined stressors 
(heat and nutritional) [3]. Hence, when two stressors occur simultaneously, the impact on 
the biological functions necessary for adaptation and maintenance during the stressful 
period may be severe [1]. Hence, research into climate change effects on livestock must 
address multiple stressors.
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3.1.2.  Impact of climate change on livestock production, reproduction, 
adaptation, and disease

Animals exposed to heat stress reduce feed intake and increase water intake, and there 
are changes in endocrine status, which in turn increase the maintenance requirements 
and reduce performance [4]. Environmental stressors reduce body weight, average daily 
gain and body condition of livestock. Declines in milk yield are pronounced. Milk quality 
is affected: reduced fat content; lower-chain fatty acids; solid, non-fat, and lactose con-
tents; and increased palmitic and stearic acid contents are observed. Generally, animals 
with high productivity are the most affected. Adaptation to prolonged stressors may be 
accompanied by production losses. Increasing or maintaining current production levels in 
an increasingly hostile environment is not a sustainable option. It may make better sense to 
look at using adapted animals, albeit with lower production levels (and lower input costs), 
rather than trying to infuse “stress tolerance” genes into non-adapted breeds [4].

Reproductive processes are affected by thermal stress. Conception rates of dairy cows 
may drop 20-27% in summer, and heat-stressed cows often have poor expression of 
estrous due to reduced oestradiol secretion from the dominant follicle developed in a low 
luteinising hormone environment. Reproductive inefficiency due to heat stress involves 
changes in ovarian function and embryonic development by reducing the ability of oocytes 
to be fertilised [5]. Heat stress compromises oocyte growth in cows by altering proges-
terone secretion, the secretion of luteinising hormone, follicle-stimulating hormone and 
ovarian dynamics during the estrous cycle. Heat stress has also been associated with 
impaired embryo development and increases embryonic mortality in cattle. Heat stress 
during pregnancy slows the growth of the fetus and can increase fetal loss. Secretion of 
the hormones and enzymes regulating the reproductive tract may also be altered by heat 
stress. In males, heat stress adversely affects spermatogenesis, perhaps by inhibiting the 
proliferation of spermatocytes. 

Thermal stress also affects the hypothalamic-pituitary-adrenal axis. Corticotropin-releas-
ing hormone stimulates somatostatin, possibly a key mechanism by which heat-stressed 
animals exhibit reduced growth hormone and thyroxin levels.

To maintain body temperature within physiological limits, heat-stressed animals initiate 
compensatory and adaptive mechanisms to re-establish homeothermy and homeo-stasis, 
which promote survival but may impair productive potential.

The stress imposed on livestock manifests in various physiological responses – respiration 
rate, pulse rate and rectal temperature. Animals thriving in hot climates have acquired 
genes that protect cells from the increased environmental temperatures. Using functional 
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genomics to identify genes that are up- or down-regulated during a stressful event could 
help in the detection of animals genetically adapted for coping with stress and in the 
creation of therapeutic drugs and treatments that target affected genes [6]. Studies eval-
uating genes known to be involved in the cellular acclimation response (e.g. as detected 
in microarray analyses or genome-wide association studies) indicate that heat shock pro-
teins are playing a major role in adaptation to thermal stress.

As noted, variations in temperature and rainfall are the most significant climatic variables 
affecting outbreaks of livestock disease. Warmer and wetter weather (particularly warmer 
winters) will increase the frequency and severity of animal diseases, because certain spe-
cies that serve as disease vectors, such as biting flies and ticks, are more likely to survive 
year-round. New disease vectors such as malaria and tick-borne diseases (babesiosis, 
theileriosis, anaplasmosis), Rift Valley fever, and bluetongue disease have been docu-
mented [7-9]. Certain existing parasitic diseases may also become more prevalent, or their 
geographical range may spread if rainfall increases. This may contribute to the spread of 
livestock diseases such as ovine chlamydiosis, caprine arthritis, equine infectious anaemia, 
equine influenza, Marek’s disease and bovine viral diarrhea. Outbreaks of diseases such 
as foot-and-mouth disease or avian influenza affect very large numbers of animals and 
contribute to further degradation of the environment and surrounding communities’ health 
and livelihood.

To summarise, although there is considerable evidence that heat stress can severely impair 
animal performance, inflicting heavy economic losses, molecular biotechnology offers new 
opportunities, through gene expression, to improve cellular responses to heat stress. The 
results of systematic assessments of the effects of climate change on livestock produc-
tion may prove valuable in developing appropriate adaptation and mitigation strategies to 
sustain livestock production in the changing climate scenario. Livestock is an important 
source of livelihood in the EMME region, so suitable solutions must be found, not only to 
maintain the industry as an economically viable enterprise but also to enhance its profita-
bility and decrease environmental pollutants by mitigating the ill effects of climate change.

3.2. Food security and crop systems
The United Nations Committee on World Food Security has defined food security as “the 
process during which people have at all times, physical, social and economic access to 
sufficient, safe, and nutritious food that meets their food preferences as well as dietary 
needs for an active and healthy life”.
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Food insecurity in the EMME region is imperiled by the reduced capacity of food produc-
tion systems to meet the needs of a growing population. Rising food prices as a conse-
quence of poor economic growth and market fluctuations in the region also lead to food 
insecurity [3]. Although cereal and meat production in the region has risen by 17% since 
1990 (see Figure 6 for cereal production), absolute production lagged growth in food 
demand, widening the gap between domestic production and imports (Figure 7).2 

And now, climate change looms as a growing threat. Climate models predict more unfa-
vourable conditions for food production through the end of the century, irrespective of 
cropping system. The relevant climatic parameters affecting crop growth and yield are 
the rise in temperature, the rise in CO2 concentration, erratic patterns of precipitation 
(and less of it), a rise in evapotranspiration, and more frequent droughts, floods, and heat 
spells. Crops will be also affected by new pests and pathogens, invading weed species, 
and changing patterns in epidemiology and competition induced by the change in climate.

2. It is also true that the Middle East and North Africa depend heavily on water from outside the region in the form of the water embedded in food 
imports and accessed through trade [4].

FIGURE 6. Cereal production in the EMME region, 1990-2017
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FIGURE 7. Imports of cereals and meat into the EMME region, 1990-2017
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The predicted increase in water deficits caused by the drop in precipitation, combined with 
the likely rise in evapotranspiration, will be a critical factor affecting the productivity of food 
systems. Rising living standards, industrial activity, and population will all boost demand 
for food, abetted by the dietary shifts among the population toward water-intensive, ani-
mal-based products. 

Estimates of the impacts of climate change on crop production in the eastern Mediter-
ranean are based either on crop simulation models or on compilations from the litera-
ture. In Greece, Kapetanaki and Rosenzweig [10] predicted decreases of up to 15% in 
Greece’s maize yields. Giannakopoulos, et al. [11] estimated in their worst-case scenario a 
1% decline in maize yields; decreases of between 5.4% and 9.3% in sunflower, pulse, and 
potato yields; and an increase of up to 4.4% in wheat and barley yields in Greece, Serbia 
and Turkey. 

However, negative impacts ranging from 4% to 23% were predicted for the same crops 
in south-eastern Mediterranean countries (Egypt, Libya, Jordan). Karamanos, et al. [12] 
estimated the impacts of climate change on field, tree, and vegetable crops all over Greece 
(12 climatic zones); they found zero or positive effects on productivity in the northern and 
western Greece for most crops. On the other hand, production tended to decrease by 
more than 10% in the eastern and southern zones and on the Greek islands. 

Voloudakis, et al. [13] predicted positive impacts on cotton yields of between 10% and 30%, 
while maize yields were expected to vary between -5.7 to +5%, depending on the region 
of Greece and the GHG-emissions scenario. Georgopoulou, et al. [14] predicted significant 
variations in yields of several crops in the same Greek climatic zones through 2050, under 
a moderate emissions scenario. In particular, increases in yield compared with 1961-1990 
were predicted for wheat (4.3 to 26.7%), cotton (9.8 to 46.5%), and rice (14.9 to 29.9%). 
Negative impacts were found for beans (-7 to -47.5%) and sunflowers (-64 to -65.3%), 
whereas vegetables, olives, and grapevines exhibited significant yield variations, either 
positive or negative, depending on the region. 

Further results on Mediterranean crops such as olives, grapevines and durum wheat are 
available for the Mediterranean region, especially for Italy [15-17]. It seems that climate 
change may positively affect cool-season (C3) crops due to the predicted high CO2 levels. 
Maize, sorghum and other C4 crops may be adversely affected because they are less 
responsive to the rise in CO2. Cool-season crops could behave better in northern latitudes 
and higher altitudes; little impact is expected on warm-season vegetable and tree crops. 

All assessments involve a degree of uncertainty, since they are based on meteorological 
models for the prediction of future climate, as well as on the crop simulation model chosen 
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for the predictions. Accordingly, to achieve the goals of the initiative of which this report is 
a part, it will be important to select common meteorological and crop simulation models, 
so as to achieve comparable results for all participating countries. Furthermore, since 
the expected outcome of the common exercise will be estimates of productivity rather 
than yields, soil desertification trends should also be considered. Estimates from Greece 
pointed to a significant loss of fertile agricultural land caused by climate, salinisation and 
poor agricultural practices [12]. 

3.2.1. Water management and sustainability
Several studies have shown that water scarcity and population dynamics are the main 
constraints on food production in the eastern and southern Mediterranean [18, 19]. Drought 
peaked in the EMME region in 2009, affecting half the region and hampering production of 
agricultural ecosystems [20]. There is growing pressure on the distribution and allocation 
of good-quality water for agriculture and an urgent need to improve the efficiency of water 
use for food production. Agricultural ecosystems, and food systems in general, should 
respond and adapt to the region’s scarce water resources through strategic planning. 
According to the UN Food and Agriculture Organization (FAO, 2017), agricultural water 
accounted on average for 64.9% of of total water withdrawals for the period 2013-2017, 
with significant differences among countries. The highest irrigation shares in the region 
are in Iraq (91.5%), Saudi Arabia (82.2%) and Oman (85.8%); the lowest are found in in 
Qatar (31.9%) and Bahrain (33.3%). These disparities demonstrate that a country-specific 
framework must accompany the regional strategy.

To increase food availability in a sustainable way and enable the agricultural system to 
meet the challenges of climate change, policies backed by scientific evidence are needed 
to improve water-use efficiency all along the food chain. This will include greater invest-
ments in wastewater treatment and reuse to support agricultural production in the mar-
ginal farmlands of EMME’s arid and semiarid areas [21]. 

A hundred years ago, when water-use efficiency was introduced into plant science [22], 
it was defined as the amount of biomass produced per unit of water used by a plant. 
Recently, Basso and Ritchie [23] showed that maize productivity could be increased with 
no change in water use, an important finding for the EMME region, as it suggests that 
higher plant yields do not necessarily depended on more water. Accordingly, plant breed-
ers should aim to select genotypes with high assimilation rates under higher temperatures 
and water-limited conditions. Several features related to plant growth and physiology have 
been identified. For example, phenotypes exhibiting a fast initial growth stage or a shorter 
biological cycle could be combined with increased water-use efficiency through reduced soil 
evaporation and water consumption [24]. These still must be validated in the EMME region.
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Just as urgent is the need to explore and perfect management practices to improve water-
use efficiency for irrigated systems. Many studies have shown that an estimated 44% of 
irrigation water is lost through evaporation or leakage during storage and transportation 
to fields, as well as through runoff or drainage during irrigation [25]. The installation of 
modern and innovative irrigation systems (such as water-deficit irrigation, see below) is 
indispensable to the water-use efficiency of agricultural ecosystems (Figure 8), while also 
upgrading and maintaining the systems already in place.

Water-deficit irrigation can save water without a significant reduction in yields. Yet this 
approach has been overlooked [27, 28]. The design of a deficit-irrigation program must 
be based on knowledge of the correlation of crop yield and water consumption; however, 
the strength of that correlation in differing locations and for specific crops and climatic 
conditions is not yet known with sufficient precision. 

Under water scarcity, the crop response to water-deficit irrigation should be diligently 
assessed, given its potential to ease the impact of climate change on agricultural ecosys-
tems [29] (Box 1). Studies on olives have shown that regulated deficit irrigation resulted 
in 72% water savings and decreases of yield and oil production of 26% and 17%. Respec-
tively [29, 30]. Similar findings exist for other crops, such as sunflowers [31], cotton [32, 
33], and citrus fruits [34]. Again, the practice must be adapted for each crop and climate to 
avoid major yield losses due to water stress during sensitive phenological stages. 

In addition to innovations in irrigation, numerous studies have shown that a variety of prac-
tices – mulching, nutrient management, microbial inoculants and biostimulants, plant spac-
ing, seeding timing, crop type, rotations, and intercropping – could improve the water-use 

Source: Koech and Langat, 2018 [26]

FIGURE 8. The impact of new technologies and advanced  
irrigation systems on water efficiency
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efficiency of agricultural ecosystems [35, 36]. For example, the meta-analysis of Mbava, 
et al. [37] concluded that under optimal growing conditions the most water-efficient crop 
was maize, whereas sorghum was most efficient in semi-arid environments. Soil texture 
also affects water-use efficiency, and several studies have reported a negative association 
between the clay content of soils and water-use efficiency [38-41]. The more-efficient 
water use noticed in these soils is correlated with higher water availability [38] and the 
development of denser root systems, raising the capacity of plants to take in water [42]. 
These findings suggest that improving soil fertility and soil texture could substantially 
improve the performance of agricultural ecosystems under water-limited conditions.

BOX 1. Application of water-deficit irrigation on selected  
crops in four Arab countries

Within the framework of an initiative on “Promoting Food and Water Security through Cooper-
ation and Capacity Development in the Arab Region” supported by the Swedish International 
Development Cooperation Agency, the UN Economic and Social Commission for Western Asia 
assessed the impacts of changing water availability due to climate change on agricultural pro-
duction in selected Arab countries. 

Deficit irrigation simulations were carried out on irrigated crops in Egypt, Iraq, Jordan and the 
State of Palestine. Table 1 shows result for climate change scenarios (Representative Concen-
tration Pathways 4.5 and 8.5). 

In Egypt, the agricultural sector consumes 80% of the country’s water resources. For that 
reason, applying deficit irrigation on a large scale for wheat and maize could ease Egypt’s 
water pressures, as scenarios suggest limited to no adverse effects on both crops. In Iraq, 
the application of deficit irrigation verified the actual quantities of water required to achieve 
comparable rates of productivity. 

TABLE 1. Change in crop yield under deficit irrigation scenarios

Country Change in crop yield (%)

Egypt (Sakha) 20% deficit irrigation 40% deficit irrigation

Wheat <1% <1%

Maize No change No change

Tomato −22% −45%

Iraq (Al Suwaira) 20% deficit irrigation 40% deficit irrigation

Wheat −2 to −4 % −8 to −10 %

Tomato −7 to −14% −34%

State of Palestine (Marj Ibn Amer) 20% deficit irrigation 25% deficit irrigation

Potato −8.5 to −20% −24 to −28 %

Jordan (Mafraq) 17% deficit irrigation

Tomato −6 to −9%
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3.2.2. Temperatures and CO2 concentrations
High temperatures lower crop yields when they exceed the optimal thermal range of many 
physiological processes [43]. Negative impacts from higher global temperatures will be 
observed mostly in cool-season crops, which have lower cardinal temperatures in prin-
cipal physiological processes such as photosynthesis and respiration, in comparison with 
warm-season crops. Specifically, high temperatures are inducing early growth by accel-
erating crop growth and development [44], accelerating senescence [45], degrading seed-
set by reducing pollen production and viability, and producing lower grain weights by 
shortening the duration of the grain-filling period [46-49]. Higher winter temperatures will 
slow floral initiation in cool-season crops through their effect on vernalisation [50]. As a 
result, many investigators predict yield declines for most crops, both rainfed and irrigated, 
throughout the 21st century [51, 52]. For example, an increase in temperature by 3oC could 
cause a decline in barley production in Jordan ranging from 22% to 51% [53] [50]. In 
Israel a rise in average temperature, combined with lower precipitation and no adaptation 
measures, will diminish wheat and cotton yields [54]. However, the simulation effects of 
high temperatures on crop yields show considerable uncertainties. Comparisons of crop 
models show differences between models that are greater than the differences across 
climate projections [55]. To overcome this uncertainty multi-model ensemble studies have 
been proposed [48, 55, 56]. 

A recent review based on experimental results – not simulations – showed that only 14 
greenhouse or field trials on the impact of increasing temperature on yield of vegetables 
are available [57]. The review revealed average yield reductions of 31.5% in areas where 
the baseline temperature was above 20°C, common in the EMME region. These findings 
emphasise the need for further study of how these crops can adapt to higher tempera-
tures. Surprisingly, no parameters related to the nutritional quality of fruits and vegetables 
have been reported in these studies, creating a significant gap in knowledge. 

Carbon dioxide contributes to global warming. The rate of increase in CO2 concentrations, 
now more than 1.5 ppm (μmol/mol) per annum, is likely to continue for the foreseeable 
future owing to fossil fuel consumption, rapid population growth and the destruction of 
forests and grasslands – unless drastic mitigation measures are taken. The levels of CO2 
by the end of the century are likely to rise to 700-850 ppm, depending on the emission 
scenario [206]. Carbon dioxide is a major determinant of crop yields, as it is the main 
substrate for photosynthesis (Box 2). In principle, increasing air CO2 concentration brings 
about an increase in the rate of photosynthesis [207]. Indeed, increased dry matter pro-
duction and yields have been observed in many crops grown under higher CO2-levels [58, 
59]. The responses differ by crop, depending on the metabolic pathway of carbon fixation: 
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C3-crops are more responsive to higher CO2 levels than are C4 crops [59]. However, there 
are strong interactions between CO2 concentration and rising temperatures, plant-water status 
and internal factors (such as source-sink relationships), which complicate predictions of crop 
responses to the rise in CO2 [60, 61]. Any study of rising-temperature effects on crop produc-
tion may lead to erroneous conclusions if elevated CO2 concentrations are not considered.

BOX 2. Impact of changing CO2 concentration on crop yields

The UN Economic and Social Council for Western Asia, the UN Food and Agriculture Organi-
zation, and ACSAD (The Arab Centre for the Studies of Arid Zones and Dry Lands) trained a 
team to conduct assessments of the impact of projected climate change (expressed in terms of 
changes in water availability, temperature and carbon dioxide) on selected crops in nine Arab 
countries using AquaCrop simulations. Climate change projections from the Regional Initia-
tive for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic 
Vulnerability in the Arab Region were used. The projections correspond to two Representa-
tive Concentration Pathways (RCP) – that is, the greenhouse gas concentration trajectories – 
adopted by the Intergovernmental Panel on Climate Change: RCP 4.5 and RCP 8.5.

To analyse the effect of elevated CO2 on crop yields, two sets of projected CO2 concentra-
tion changes were simulated; one considered the effects of increasing CO2 concentrations 
(RCP 8.5), and another kept CO2 concentrations at the baseline level (RCP 4.5). This made it 
possible to disaggregate the mitigating effect of increased CO2 on yield from adverse impacts 
of temperature rise and water scarcity, and to account for related uncertainties.

In Egypt’s Sakha area, rising temperatures had limited impact on the productivity of irrigated 
wheat and maize in the case of stable CO2 concentration, whereas the increase in CO2 concen-
tration increased productivity for both crops (Table 2). The effect of rising CO2 concentration 
had less-significant positive effects on maize yield than on wheat. This can be explained by 
the fact that maize belongs to the C4 group, which reacts less strongly to higher CO2 con-
centrations, whereas wheat falls in the C3 group. In Nubaria, the results of changes in CO2 
concentration on the productivity of irrigated tomatoes had varied results. The higher CO2 
concentration raised productivity by enhancing the photosynthetic rate of plants while reduc-
ing transpiration. However, studies refer to the low nutritional value of crops produced under 
conditions of increased CO2, especially when combined with rising temperatures. The loss in 
nutritional value resulting from the increase in CO2 concentration may offset the advantage of 
increasing quantity.

Similarly, in Iraq, the assessment shows that rising temperatures will reduce irrigated wheat 
and tomato yields in the case of stable CO2, while yields of both crops will rise in all scenarios 
with rising CO2 concentration. The projected increase in yield is the result of the mitigating 
effect of the elevated CO2 concentration. However, results should be considered carefully, since 
other non-linear limiting factors may counteract the positive effect of changing CO2 on yield.

(Continued next page)
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BOX 2 (continued)

TABLE 2. Main findings of assessment in Egypt for the 2040-2050 period

Wheat Maize Tomato

Average total cultivated area (million hectares) 1.1* 0.84* 0.11**

Average production for the total area (million tonnes/year) 6.8 6.7 3.9

Change in productivity as a result of climate change [%] ***

Stable CO2 concentration −4.8 −2.9 −1

Increased CO2 concentration +12.8 +0.4 +28

Average production for the total area (million tonnes/year)      

Stable CO2 concentration 6.5 6.5 3.9

Increased CO2 concentration 7.7 6.7 5

Self-sufficiency ratio of the crop (%)

Present value 47.7 56.3 103

Stable CO2 concentration 45.4 54.7 102

Increased CO2 concentration 53.8 56.5 132.4

* Average of production area in old lands only 
**Average production area for new lands only
*** Average values from the three crop simulations using the AquaCrop model.

In Yemen, the average wheat productivity in both Sana’a and Dhamar regions is shown to 
decrease with stable CO2 and to increase with rising CO2. Results have shown that sorghum 
yield is expected to show a greater drop in productivity than wheat in the studied areas of 
Sana’a and Dhamar (Table 3). This may be attributed to the fact that wheat is a C3 crop and 
appeared to benefit positively from CO2 concentration, whereas sorghum is a C4 crop. Fur-
ther, sorghum crop production in Sana’a was projected in conditions with less supplementary 
irrigation than that for wheat, while in Dhamar, the simulation was carried out under rainfed 
conditions, thought to be most sensitive to climate change. In addition, sorghum cultivation 
dates at Sana’a and Dhamar precede those for wheat.

TABLE 3. Changes in wheat and sorghum yield in Sana’a and Dhamar

Region
Emission 
Scenario

Wheat yield change (%) Sorghum yield change (%)

2025 2045 2025 2045

Sana’a RCP 4.5 −4.24 −6.11 −6.71 −11.93

RCP 4.5* +8.33 +12.56 −3.05 −6.03

RCP 8.5 −3.81 −7.62 −8.22 −13.88

RCP 8.5* +13.12 10.25 −4.18 −8.26

Dhamar RCP 4.5 −7.02 −14.57 −26.45 −29.81

RCP 4.5* +5.64 +2.89 −21.63 −24.29

RCP 8.5 −5.21 −22.35 −3.12 −10.3

RCP 8.5* +9.8 −3.96 +2.64 −2.47
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Plant breeding has a crucial role to play, as new varieties may respond better to climate 
change (in the form of biotic and abiotic stresses, including heat and drought), and con-
sume fewer productive resources, including water and fertilisers. The fundamental basis 
of historical breeding progress in all crops has been the incremental accumulation of 
beneficial alleles for complex quantitative traits, such as yield, stability and quality. This 
process will continue to play a major role in crop adaptation to climate change in the 
future, assisted by novel field methods and technologies, such as plant root and canopy 
phenotyping, remote sensing and image analysis [62, 63]. The involvement of microbial 
communities in the plant rhizosphere to acquire or enhance novel breeding traits, such 
as improved exploitation of mineral resources, is one field of current research. Additional 
important factors in the adaptation to climate uncertainty include methods of “participa-
tory” plant breeding – undertaken with the active involvement of local farmers.

3.2.3. Pest and disease management 
Pests and diseases are major factors in agriculture productivity. In fact, up to 40% of the 
world’s food losses are attributed to pests. At the same time, in many areas of the globe, 
new invasive species are appearing because of climate change [64]. This is particularly 
true for the Mediterranean, where the high-density traffic in the region’s shipping ports and 
airports lowers barriers to invasive species, as illustrated by the arrival and establishment 
of agricultural pests such as Tuta absoluta [65-67].

Gregory, et al. [68] finds that problems related to pests and diseases will become more 
unpredictable and intense. This and other studies have shown that climate change could 
affect pest- and disease-related patterns in more complex ways than expected [69].

Climate change has both direct and indirect effects on the distribution of plant pathogens 
and pests, with a shift toward the poles of almost 2.8 km per year since 1960 [70]. The 
complicated direct effects on pests and diseases of the key components of climate change 
(i.e., temperature, CO2 levels, water availability) makes prediction a challenge. For example, 
when a pest or a disease is present, plant infestations increase when synchronised with 
the changes in the susceptible plant’s development [69]. Higher temperatures may speed 
up the generation rates of insect species, leading to population increases and more infes-
tations. These changes in population dynamics could lead to more pesticide applications, 
posing serious environmental risks [64]. Moreover, the effect of climate change on host 
crops, plant pathogens and insects’ natural enemies further complicates any attempt to 
project the impact of climate change. For example, differences in the thermal preferences 
of crop pests could increase the risk of pest outbreaks owing to exclusion of parasitoids 
from areas where they are currently found [71].
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To better understand pests and diseases in the EMME region, a better assessment of 
the dynamic interactions of the tripartite systems (plants and pests; pathogens; and nat-
ural enemies) is urgently required. To design the best strategies for pest and pathogen 
management in the region’s ecosystems, the impacts of climate change on crop phenol-
ogy must be projected alongside and in close relation to the development and infestation 
of pests and diseases, a process known as climate-smart plant protection management 
(Box 3). So far, only a few modelling studies have considered these interactions; of those, 
few have included the EMME region [72-74].

BOX 3. The principles of climate-smart plant protection management

Climate-smart plant protection management (CSPPM) involves the widespread application of 
management methods to achieve the co-benefits of enhanced mitigation of, and strengthened 
resilience to, climate change. A toolbox has been developed under this conceptual framework 
to provide detailed and focussed pest-management guidance [59]. The toolbox draws on cur-
rently available interdisciplinary approaches and strategies ready for use by the critical actors 
in agricultural ecosystems (farmers, extension services, researchers, policy makers). CSPPM 
is not a stand-alone process or strategy, but a holistic approach that includes other relevant 
aspects of agricultural ecosystem performance. In addition to enhancing adaptation, CSPPM 
could help mitigate climate change by improving the overall balance of emissions of green-
house gases, particularly when calculated per unit of food produced.

Adapting agricultural ecosystems to climate change is an ongoing process of deploying strat-
egies to reduce the risks of climate change. These strategies include measures and activities 
that may or may not require significant changes to agricultural ecosystems. For example, the 
countries of the EMME region already apply biopesticides or chemical pesticides in response to 
emerging pests and diseases. The use of varieties and genotypes that are more resilient under 
the “new” climatic conditions would be critical for reducing the risk of infestations. Moreover, 
adopting specifically designed crop rotations and intercropping strategies, or shifting to a new 
crop, may be necessary to protect crops from pests and diseases. 

Local institutions, competent authorities, and research centres should develop more effi-
cient diagnostic processes to identify emerging pests and diseases. This will facilitate the 
prompt development of management strategies. The development of efficient plant protection 
strategies to support agricultural ecosystems against future pest and disease outbreaks also 
include investigating multitrophic interactions using appropriate modelling. The higher adaptive 
responsiveness of pest and diseases to climate change highlights the importance of develop-
ing plant protection action plans, including actions that raise farmers’ awareness of emerging 
pests and diseases threatening their crops. Early detection and rapid-response action plans 
are essential for minimising crop losses. Capacity building should support these plans.
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3.3. Land degradation 
Land in the EMME region is extremely vulnerable to damaging human activities, chief 
among them deforestation, overgrazing and unsustainable agricultural practices.

The soils of the EMME region are diverse. Most receive low amounts of precipitation or 
abundant rainfall for only short periods during the year. In addition, most EMME countries 
see widely varying annual precipitation. The low availability of water, combined with high 
temperatures, accelerates the mineralisation of organic matter, which makes soils sensi-
tive to desertification despite their general adaptability to climatic variability and drought. 
In the more humid parts of countries like Greece, Turkey, Syria and Lebanon, and in the 
mountainous regions of several countries, soils are generally richer in organic matter.

The main cause of land degradation in the arid, semi-arid and hyper-arid areas of the 
region is desertification, defined as the loss of the biological or economic productivity 
of land. Desertification greatly hampers agricultural productivity, worsens droughts and 
increases human vulnerability to climate change. The loss of biodiversity in arid and semi-
arid soils (meaning the loss of bacteria, fungi and insects living in the soil) is a major cause 
and outcome of land degradation. Irrespective of climate, the level of desertification is 
driven by many factors such as erosion, salinisation, and the presence of certain chemicals 
and pollutants. 

Studies in the Middle East and North Africa reveal land degradation of 40% to 70% over 
the past few decades. Sustainable land-management strategies can preserve soil biodi-
versity, restore ecosystem functions, and control land degradation.

Faour [75] demonstrated land degradation in the Middle East and North Africa using 
the Normalised Difference Vegetation Index (Figure 9). The study highlighted that most 
countries had experienced substantial land degradation, regardless of land-management 
efforts. Lebanon, for example, has suffered moderate land degradation estimated at 32%, 
while 68% of the land remained unchanged. In Cyprus, 9.68% of the country faces envi-
ronmental risk closely related to land degradation. Kolios, et al. [76] used the Environ-
mental Sensitivity Area Index, based on four indices (climate quality, demographic, soil 
quality, and vegetation quality [77]), to distinguish environmentally sensitive areas of the 
country at a spatial resolution of 30 x 30 metres. In Israel, 95% of the country is hyper-
arid, arid or semi-arid; 60% is covered by the Negev desert and faces constant risks of 
soil degradation and desertification. About a third of Iran’s arable land is threatened by 
salinity [78]. In Greece, 26.5% of the land is categorised as highly vulnerable to drought 
and desertification [79]. 
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Although findings clearly show prevalent land degradation, the results of many studies are 
not comparable. Moreover, attempts to estimate soil productivity are hindered by missing 
or unreliable information [80]. A regional analysis of land degradation, using reliable data 
from all countries and common methodologies to identify the extent and intensity of land 
degradation in a comparable way, would enable policy makers and the research commu-
nity to adopt measures and practices specifically designed for each region to stop land 
degradation [81]. 

Work is under way. To build a composite index of land degradation over time and space 
[82-84] several indicators will be needed. Some studies have attempted to identify appro-
priate soil-quality indicators [85-88]. In 2015, the United Nations Convention to Combat 
Desertification introduced the concept of “land degradation neutrality”, the main objective 
of which is to achieve “no net loss” of land-based natural capital in comparison with a 
baseline value, using three global indicators (land cover, land productivity and carbon 
stocks) [89]. Although efforts have been initiated in the Middle East and North Africa, the 
concept of land degradation neutrality is still in its infancy. Coordinated efforts should be 
undertaken to support it.

3.3.1. Processes driving land degradation
Land degradation is driven by both natural and anthropogenic processes interacting on 
local to regional scales [90]. Direct anthropogenic drivers are found in the management 
of agricultural ecosystems (crop lands, agroforestry, grazing land); levels of urbanisation, 

Source: Faour, 2014.

FIGURE 9. Degraded land as a share of total land area in selected EMME countries
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infrastructure and development; changes in fire regimes; the introduction of invasive spe-
cies; and non-timber natural resource extraction. Soil smuggling to other countries has 
also been reported [91]. Demographic, economic, cultural and governance elements have 
all been identified as indirect drivers of land degradation. Moreover, science and technol-
ogy transfer are also critical factors indirectly related to land degradation. The major direct 
and indirect drivers are schematised in Figure 10. 

FIGURE 10. Direct and indirect land-management practices  
affecting agricultural ecosystems
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Direct and in direct processes of land degradation often combine to form a vicious cycle. 
Significant population growth, combined with high population density in urban centres 
and industrialisation, have hiked demand for food and water resources. In turn, these 
needs, in the absence of strong political will, have prompted governments to tolerate or 
even promote unsustainable practices for food production. Unsustainable resource man-
agement in rural ecosystems has degraded soils to the point where they have lost their 
productivity. The reduction of soil productivity has been addressed (where possible) with 
increased applications of external inputs, which in turn speeded deterioration through 
increased salinity. Indeed, soil salinity is affecting 20 x 106 hectares in the Middle East 
[92, 93]. Salt accumulation in soils affects 1 x 106 hectares in the Nile basin, seriously con-
straining agricultural activity. An increase has been recorded in the Jordan River, affecting 
irrigated agricultural areas of both Syria and Jordan [92]. Moreover, land degradation in 
some areas is expected to be further exacerbated by the violent conflicts in these regions. 
Thousands of refugees and displaced farmers have abandoned their land, with immeasur-
able consequences for agriculture and the economy. Steps must be taken to avoid further 
aggravation of the EMME region’s already burdened agricultural land.

Soil erosion
Climate change is expected to increase the frequency of storms and heavy rainfall in 
the EMME region, which may lead to soil loss of up to 10 tonnes per hectare [94, 95]. 
Recently, Wei, et al. [96] showed that intensified rainfall would magnify land degradation 
through erosion, irrespective of soil structure and stability. Soil erosion has a detrimental 
effect on soil productivity through its effects on physical and chemical properties, includ-
ing aggregate stability and size [97, 98]. Previous studies have shown that soil erosion 
reduces organic carbon and nitrogen content and increases bulk density, thereby reducing 
soil fertility and production capacity [99-102]. The EMME region also suffers from wind 
erosion, which lowers fertility and productivity by removing soil particles, organic matter 
and nutrients [103, 104] [90, 91]. Sand and dust storms also harm human health [105-
107]. The lower rainfall and higher temperatures expected in the EMME region will further 
exacerbate wind erosion. 

Although soil erosion mainly depends on the intensity and duration of rainfall and wind 
speed, other factors, such as land inclination, as well as land-use management also deter-
mine the severity of the process. For example, overgrazing and cultivation in arid and 
desert regions has worsened wind erosion not only on vulnerable (sloping) land, but also 
in more productive areas [87]. Indeed, on cultivated land in mountainous agricultural eco-
systems, the net soil erosion was higher than that of forested areas. Agricultural terracing is 
reducing soil erosion in these areas [95]. These findings suggest that the creation of new ter-
races and the maintenance of those already established will substantially reduce soil erosion. 
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Tillage practices in established agricultural systems are another threat to land degradation, 
because the erosion they can cause is sometimes comparable to that caused by water 
erosion [108]. Conventional tillage practices in arid and semi-arid areas exposed to water 
and wind erosion pull out significant amounts of organic carbon and nitrogen from the soil 
[109], accelerating land degradation. Conservational tillage practices have been proposed 
as components of a more sustainable cultivation system, particularly to reduce soil and 
wind erosion, increase water storage and ameliorate ecological pressure in semi-arid 
regions [110, 111]. However, research is scarce on soil nutrients and systems productivity 
in sloped agricultural ecosystems in the EMME region. Maleki, et al. [112] found that the phase 
of the geomorphic surface of hillside landscapes may control soil organic carbon deposits.

Organic carbon stocks and changes
Three-quarters of the earth’s organic carbon pool is found in the soil, making soil a crit-
ical component of the carbon cycle globally [113] [100]. An accurate assessment of soil 
carbon dynamics is required to estimate the carbon budget at the regional level [114]. The 
fate of organic carbon and its accumulation in the soil depends on the balance between 
inputs and losses. Biotic, abiotic and anthropogenic factors (tillage, land-use, cropping 
systems) control the interactive processes involved, which are complex and changeable. 
The expected rise in temperature and decline in rainfall could further degrade the region’s 
already low levels of organic carbon [115]. 

Several models have been used in the Mediterranean region to assess the effect of man-
agement practices as well as the impact of climate change on soil organic carbon [116-121]. 

For example, 70% of Iran’s agricultural soils have less than 1% soil organic carbon and only 
4% have more than 2%. The descending trend since 1960 is attributed to climate change 
[122]. Egypt’s natural soils are so low organic matter that any conversion to agricultural 
land, with the resulting increase in plant biomass, increases soil organic carbon [123, 124]. 
In agricultural areas of Egypt, a decrease in soil organic carbon was correlated to an 
increase in land surface temperature [125].

In Israel, the amount of soil organic matter is gradually decreasing in semi-arid to arid 
zones of the country [116]. A warmer climate may accelerate microbial activity and soil 
organic matter degradation, but a drier climate may decrease it; the balance may also 
depend on the quality of the added organic material, resulting in predictions of lower future 
soil CO2 with more recalcitrant organic residues [126].

Conversion of land uses may release or store carbon. Converting forest or rangeland to 
farmland rapidly releases soil organic carbon. While several studies in the EMME region 
have examined the effects of different organic amendments and management practices 
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on soil properties and soil carbon stocks, more systematic, long-term studies are required 
[127], as it takes decades for carbon stocks to build and show stable effects. For instance, 
139-271 Kg C ha-1 were stored at the 0-30 cm depth 14 years after establishment of a 
tree-planting program in central semi-arid Iran [128]. Such long-term studies have been 
conducted in other regions of the world and their overall conclusions are valuable, but 
results vary with soil and climate. 

Soil salinity 
The distribution of soil salinity in the EMME region varies by country and land type [35, 129] 
(Figure 11). The high degree of variability is related to climate, agricultural activities and 
established irrigation practices. The main factors affecting soil salinity and sodicity in the 
region are the following:

• Improper functioning or absence of drainage systems on agricultural land 

• Increases in groundwater salinity owing to the intrusion of seawater into coastal 
aquifers 

• High rates of evapotranspiration

• High concentrations of salts in irrigation water

• Overuse of low-quality wastewater.

Source: Modified from Ivushkin, et al. [129].

FIGURE 11. Soil salinity in the EMME region, 2016 
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Agricultural land, coastal areas and irrigated land are adversely affected by salinisation. 
The food production areas of the EMME region most affected by soil salinisation include 
irrigated lands along Nile in Egypt, the Euphrates River basin and the Jordan River basin. 
In Iran, 14.2% of all land is salt-affected [130, 131]. In the Gulf states saline soils are found 
principally in coastal areas due to seawater intrusion and the extensive use of saline and 
wastewater irrigation [92]. Soil salinisation data are also available for Kuwait [132] and the 
United Arab Emirates [133]. 

In most cases, however, the available data are outdated, and there is an urgent need to 
estimate the rate of change in areas affected by salinisation and sodication, as both pro-
cesses accelerate desertification. The proper management of salt-affected soils is critical 
to maintain – and perhaps even to improve – the productivity of these areas. Several 
practices have been proposed. They include:

• Direct salt leaching

• Improvement of drainage

• Promotion of salt-tolerant crop species and varieties 

• Domestication of native halophytes

• Increased use of organic soil amendments.

A main component of the management strategy is the removal of salts from the root zone. 
However, this method is not consistent with water scarcity in the EMME region. The devel-
opment and promotion of novel practices for the prevention and management of salinity 
are essential for the region. Immediate action is needed.

Soil biodiversity and land degradation
The semi-arid, arid and hyper-arid soils of the EMME region support an impressive array 
of biodiversity above and below ground, including wild plant and animal species as well as 
numerous cultivated plants and livestock species. Biodiversity in the region’s soils is also 
extremely diverse; the functional communities found are uniquely adapted to the harsh 
conditions of water scarcity, increased salinity and temperature extremes. Soil biodiversity 
is fundamental for soil functioning and is tightly connected with the soil ecosystems services. 

Climate change is affecting the above-ground ecology in both agricultural and natural 
ecosystems, altering the cornerstone processes of nutrient cycling and accumulation and 
composition of organic matter. These driving forces are expected to affect the functioning 
and composition of soil microbial communities, both directly (warming, salinity, aridity) and 
indirectly (elevated CO2). Water availability, coupled with temperature and resource avail-
ability, drive microbial functioning in arid and hyper-arid environments [134]. Recently, a 
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global study on drylands demonstrated that low precipitation and high evapotranspiration 
reduce the diversity and abundance of bacterial and fungal taxa [135]. The study attributed 
these changes to the negative impact of aridity on soil organic carbon [119, 121], which is 
positively associated with the abundance and diversity of bacterial and fungal communities 
in soils [136-138]. 

In arid environments, any further increase in aridity magnifies the loss of microbial biodiver-
sity and abundance and decreases co-occurrences of bacterial taxa, suggesting that further 
deterioration of drylands will have harmful effects on the potential fertility and functioning 
of these soils [139] (see Box 4). Recently, multivariate analysis of available next-generation 
sequencing data confirmed that, besides temperature, climatic water content affects global 
patterns of microbial diversity [140]. The reduction of water availability and the overuse of 
fertilisers, coupled with higher temperatures, cause salts to accumulate in the soil. 

Salt accumulation intensifies osmotic stress and taxa that can survive under these con-
ditions and to become dominant, while sensitive taxa may gradually be excluded from the 
community [141]. The overall response of the microbial communities to the different drivers 
is taxa-specific and depends on their life strategies. For example, the relative abundance 
of Acidobacteria and Verrumicrobia has been shown to plummet as aridity increases, while 
Chloroflexi and -Proteobacteria followed an opposite pattern [135]. Chloroflexi exhibit multiple 
adaptations to severe environmental conditions such as high salinity and desiccation [142], 
while Acidobacteria and Verrumicrobia rapidly decline under drought conditions [143].

The effect of climate change on soil microbiome and biodiversity necessarily affects plants, since 
the interaction between them is fundamental for ecosystem functioning and shapes impacts on 
both components. For example, aridity and drought frequency are shifting interactions among 
plant species, thereby influencing the plant composition and cover in drylands [144-146]. 

Changes in plant composition and growth as a result of drought alters rhizodeposition, 
which in turn affects microbial composition and functioning [148]. Rhizodeposition enables 
plants to alleviate stress caused by drought by enhancing nutrient uptake from the rhiz-
osphere [147]. Moreover, elevated CO2 increases carbon allocation from photosynthetic 
tissues to roots, resulting in a significant increase of root biomass and changes in the 
chemical composition of roots exudates [148, 149]. 

More labile carbon in the rhizosphere could encourage microbial biomass and prolifer-
ated genes associated with carbon decomposition [150-153]. A positive feedback of soil 
microbial communities exposed to elevated CO2 and warming has been noted in semi-arid 
ecosystems [154], suggesting accelerated soil carbon decomposition varying with plant 
physiology and species. 
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BOX 4. International research on ecosystem services and soil biodiversity 

Global research has demonstrated that microbial diversity is tightly associated with ecosystem 
functioning and performance Microbial communities are key components in nutrient cycling, 
primary production, litter decomposition and climate regulation of terrestrial ecosystems [161, 
162]. Recently, Wagg, et al. [163] showed that microbial richness, functional redundance (num-
ber of taxa supporting a specific function), diversity, complexity and inter-kingdom associations 
are strongly related to maintaining ecosystems’ multifunctionality.

Nutrient cycling. Microbial communities play a pivotal role in the processes by which nutri-
ents are made available to plants. Mineralisation is the main microbial process influencing 
the transformation of nutrients and their availability in soils. More than 90% of the dissolved 
nitrogen found in the soil derives from the mineralisation of organic matter of the soil, while 
free-living nitrogen-fixing bacteria are significant contributors in the nitrogen-budget of natural 
and agricultural ecosystems. 

They are particularly important in dryland ecosystems, since nitrogen-fixing cyanobacteria 
are significant contributors to the addition of nitrogen. Drylands are extremely heterogenous 
ecosystems; non-cultivated land in these areas is often covered by biocrusts and sparsely 
distributed plants. Bacteria, fungi, algae, lichens and mosses are the main components of bio-
crusts and play central roles in nitrogen-cycling processes in dryland ecosystems [146, 164]. 

Nutrient storage at the ecosystem level is achieved through microbial uptake. It has extremely 
important implications for the fate of nutrients in the environment. For example, its immobil-
isation in combination with plant uptake significantly reduces the amount of nitrogen that is 
likely to be lost. 

Microbial communities are also responsible for the availability of phosphorus and potassium in 
soils. Microbial species control the release of phosphorus from recalcitrant inorganic matter; 
organic phosphorus forms in the soil through the activity of organic acids and enzymes [165]. 
Similarly a wide range of microbial taxa can release potassium from clay minerals and organic 
matter, thereby raising the availability and cycling of potassium in soils. 

Plant productivity and diversity. Microbial communities are important regulators of plant 
productivity in natural ecosystems and wherever plant symbionts are responsible for acquiring 
limiting nutrients. This is particularly important for nutrient-poor ecosystems where microbes 
may enhance the supply of limiting nutrients such as nitrogen and phosphorus. Specific micro-
bial groups such as mycorrhiza and nitrogen-fixing bacteria may provide up to 90% of both 
elements in plants. At the same time, soil microbes act as pathogens and compete with plants 
for nutrients, with negative effects on plant productivity. Early studies demonstrated that in 
nutrient-poor grasslands three-quarters of plants could not survive in the absence of mycor-
rhizal fungi; a quarter could not survive without symbiotic nitrogen-fixing bacteria [166, 167]. 

(Continued next page)
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It has been shown that soil respiration in desert ecosystems under elevated CO2 concen-
trations derives mainly from microbial respiration [155]; the response of bacterial commu-
nities is taxa specific [156]. This study showed that Firmicutes and Gram+ bacteria were 
much less abundant in soils (bulk and rhizosphere) exposed to higher CO2 concentrations 

BOX 4 (continued)

However, the role of microbial communities on plant diversity in the natural ecosystems of the 
EMME region has not been explored, while the effect of climate change on their diversity – and 
the related side-effects on plant communities in these areas – have been overlooked. Because 
microbial inoculants may be useful for the restoration of degraded terrestrial ecosystems [168], 
future efforts should focus on developing them specifically for drylands [169]. 

Carbon sequestration. The pool of soil carbon is twice as large as the atmospheric pool. The 
Calvin-Benson-Bassham cycle is the main route for CO2 fixation, and the ccbl gene marker has 
been widely used to assess the abundance and the diversity of microbial autotrophs. Several 
studies have showed that autotrophic bacteria make a significant contribution to CO2 fixation in 
diverse soils [170]. In agricultural soils, CO2 fixation is related to the fertilisation strategy, tillage, 
land-use changes and crop rotation [171, 172]. Chen, et al. [173] demonstrated that microbial 
CO2 fixation substantially contributes to primary production in dry grasslands. Zhao, et al. [170] 
showed that CO2 fixation was higher in desert soils than in meadow soils, while autotrophs 
were much more abundant in desert soils. These findings strongly suggest microbial CO2 fixa-
tion should be taken into account in large-scale studies for the assessment of carbon dynamics 
and gross primary production [173]. The contribution of microbial communities to CO2 fixation 
in agricultural and natural terrestrial ecosystems of the EMME region is ripe for further explo-
ration; coordinated efforts should be made to fill this gap. 

Nitrous oxide emissions. Nitrous oxide (N2O) is an ozone-depleting compound and an import-
ant greenhouse gas, with 298 times greater warming potential than equivalent masses of CO2. 
At global scale, terrestrial ecosystems emit annually approximately 6.8 Tg N-N2O and are the 
largest contributor to the global N2O budget. Soil microbial communities are key drivers of 
terrestrial N2O emissions; understanding how they are linked with emissions is a prerequisite 
for developing effective mitigation strategies [174]. 

In drylands, several studies reported N2O emissions in different cropping systems despite low 
water availability and soil fertility [175-178]. Rewetting soil by irrigation or rainfall stimulates 
N2O emissions in arid and semi-arid regions [175]. These events of drying and rewetting can 
lead to niche separation of N2O-relevant microbial communities. It has been suggested that 
fungal denitrification and ammonia oxidation regulated by ammonia-oxidising Archaea are the 
dominant sources of N2O fluxes under dry conditions, while heterotrophic bacterial denitri-
fication is the main source during soil rewetting [174]. Despite emerging knowledge on the 
pathways responsible for N2O fluxes, the interaction effects of abiotic and biotic factors on N2O 
emissions in dryland ecosystems are largely unknown.
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in the Mojave Desert ecosystem. Moreover, the differential response of plant species to 
elevated CO2 affects rhizodeposition in the soil. For example, C4 plants could allocate more 
carbon to their roots compared with C3 plants owing to differences in their photosynthetic 
efficiency [157], which in turn affects the microbial community. Interestingly, the interac-
tion between climate change–related drivers was evident in the archaeal community of the 
C4 and C3 rhizospheres. Specifically, the archaeal community structure was affected by 
elevated CO2, whereas higher temperatures promoted archaeal abundance for C4 plants 
and a decrease for C3 plants [158]. 

These findings reveal the interactive effect of environmental variables in plant communi-
ties on microbial community structure and composition. They also show that much about the 
interplay between increased aridity and temperature, as well as elevated CO2 on soil micro-
bial communities, remains unknown. Much more research is needed to better understand 
the responses of plants and soils to climate change. Future studies should examine the 
responses of microbial communities in the various ecosystems of the EMME region [159]. 
Careful experimental design should be applied, since the methods of CO2 enrichment could 
bias findings. Indeed, Klironomos, et al. [160] have already shown that an abrupt increase 
in CO2 caused an immediate decline of mycorrhizal diversity and functioning compared with a 
gradual increase of CO2, which brought changes no different from the control treatments.

3.4. Fisheries and aquaculture
3.4.1. Aquaculture
Climate change imposes direct and indirect effects on aquaculture [179], most with neg-
ative effects on production. Chief among these are 1) loss of biodiversity, mostly through 
warming, ocean acidification, sea-level rise and extreme weather events; 2) pests and path-
ogens (known and emerging); 3) decreases in water supply; and 4) increases in soil erosion.

Marine environments are especially sensitive to natural and man-made environmental 
change affecting their biota [180]. As the current global scenarios for gas em issions 
appear largely confirmed [163] and sea-level rise is proceeding faster than predicted [181], 
the likely impacts on biota are severe. One of these detrimental effects is biodiversity loss. 
A recent study [182] reports on the loss of biodiversity in the East Mediterranean Sea, 
threatening fisheries and aquaculture. Of course, both sectors depend on the functioning 
of marine food webs dependent on biodiversity [179].

The EMME region includes countries with highly variable aquaculture activities, both in 
terms of production (Figures 12 and 14) and farmed organisms (Figure 13). The region has 
steadily increased aquaculture production for human and animal consumption. 
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The major and direct mechanisms of predicted climate change affecting marine organisms 
through the end of the present century are related to higher temperatures, higher sea 
levels (including resulting changes in ocean circulation) and decreases in salinity. Most 
aquaculture takes place in coastal zones, where it has been estimated that temperature 
increases are expected to be slightly lower than the IPCC projected increases for land 
yet are still rising. Sea levels are expected to rise between 0.09 and 0.88 metres in the 
following decades [183].

Disease caused by pathogens pose a distinct threat to aquaculture. Many pathogens of 
wild and farmed marine organisms are sensitive to temperature, rainfall, and humidity. 
Warming can increase pathogen development and survival rates, disease transmission, 
and host susceptibility to infection. Warming is predicted to increase disease outbreaks in 
most systems, especially in colder waters. Some pathogens may be negatively affected by 
warming, thus lowering their disease risk [184]. A good example of a link between higher 
ocean temperatures and pathogens applies to cholera in humans [185]. Similar cases pose 
risk for aquaculture as well. 

The impact of marine disease agents – viruses, bacteria, protists and metazoan parasites – 
ranges from reduced growth to mass mortality of cultivated populations, causing severe 
economic losses in the latter case. The biological cycles of disease agents depend on envi-
ronmental factors which, when disturbed, may favour or even eliminate them. Aquaculture 
farms tend to manage disease through treatment (which is not related to climate factors), 
adjusting stocking density and ensuring good water quality. Recently, the development of 
organic aquaculture has been proposed as an effective transition to aquaculture practices 

Source: FAO,2018

FIGURE 12. Total aquaculture production in individual EMME countries, 1950-2018
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Source: FAO,2018

FIGURE 13. Changes in aquaculture species in the EMME region, 2000-2018
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Molluscs, aquatic invertebrates
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which more effectively confront the health issues of the populations [186]. The risk of 
disease agents in aquaculture is reciprocal, as expansion of pathogens in nature could 
result in transfer from farms to the wild via escapes or by water outflow (effluent) to the 
environment [187]. Some diseases are transferred to aquaculture from wild hosts.

The countries of the EMME region have different priorities in what is farmed and where. 
For example, aquaculture production in Greece is dominated by two species of marine fish, 
with invertebrates being a much smaller fraction; inland aquaculture in Greece accounts 
for just 4.8% of total aquaculture production from 1950 to 2018 (Figure 15). On the other 
hand, eight EMME countries produce more than half of their aquaculture in inland waters; 
in two other countries, aquaculture is exclusively marine. This trend could intensify in 
the years to come as freshwater aquaculture is expected to develop faster than marine 
aquaculture [188]. 

Source: FAO,2018

FIGURE 14. Aquaculture production in the EMME region, 1950-2018
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FIGURE 15. Inland aquaculture production in the EMME region, 1950-2018
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Aquaculture systems can be adapted to climate change by 1) improving cultivation envi-
ronments; 2)  lowering risk (e.g. by choosing the cultivation environments that are least 
vulnerable to the impacts of climate change); 3) enhancing resilience (by managing rearing 
environments under conditions that mimic nature); and 4) building capacity through con-
tinuous learning [189]. 

Within that broad framework, given the country differences in aquaculture in the EMME 
region (inland vs. marine aquaculture and the types of species farmed), actions should be 
customised to reflect each country’s circumstances.

The European Union has proposed a unified strategy on adaptation to climate change. The 
new Common Fisheries Policy is designed to make fisheries and aquaculture environmen-
tally, economically and socially sustainable [190]. Twenty-three countries have adopted 
national climate adaptation strategies, and another eight are developing them. National 
action plans have already been adopted or are under development in most European 
countries, and all have ongoing research programs into climate change and warming [191]. 

Drawing on Europe’s actions, the EMME region could focus on the topics described below. 
In all cases, field data should be combined with experimental manipulation in the laboratory.

Much more can and should be learned about the diseases of farmed species through 
monitoring against reliable baselines (as in the oyster case [192]); 2) monitoring wild pop-
ulations of farmed species using standardised methodologies; 3) distinguishing the climate 
parameters directly and indirectly related to disease outbreak and appraising the effects 
of each on farmed species; 4) prioritising pathogens of interest, since those with simple 
(bacterial) vs. complex (metazoan parasites) life cycles will be affected differently; and 5) 
developing and applying tools for predicting disease outbreaks and pathogen responses to 
climate change factors. 

As different farmed species are differentially affected by various aspects of climate change, 
the monitoring of their physiological tolerance limits must be systematically reported. For 
example, bivalves are most likely to suffer from both water acidification and temperature 
abnormalities owing to their calcareous shells. Recently, Blanchet, et al. [193] put together 
the temperature range of growth and biological sensitivity of European aquaculture spe-
cies. Such efforts need to be expanded in a country-specific manner, while they can be 
run in parallel for fisheries production.

It has been proposed that marine seafood production is more vulnerable to global warming 
than freshwater production [193]. Each country must decide which to pursue, considering 
the climate change factors that most affect its aquaculture. The types of farmed organ-
isms also need to be prioritised in light of the differential impact of climate change on 
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aquatic plants, freshwater or marine fish, and invertebrates. Organic aquaculture should 
be favoured, as it is much more eco-friendly than conventional aquaculture.

Collaboration with climate change agencies is recommended. Such collaboration allows 
countries to benefit from the most recent knowledge on climate change and its impacts 
on aquaculture, and to provide information that can be used to build aquaculture-specific 
climate change models. 

Future reconsiderations of optimised maritime spatial planning on a national scale should 
incorporate climate change risks and predictions specifically related to aquaculture. Such 
actions will require cross-border cooperation as spatial modelling typically extends well 
beyond national borders (e.g. Papageorgiou, et al. [194]). 

Close dialogue among stakeholders, governmental authorities and scientists involved in 
aquaculture and climate change favours all parties seeking to enhance the adaptability of 
farmed aquatic species.

3.4.2. Fisheries
The fisheries of the Mediterranean Sea feature diverse environmental, oceanographic, cul-
tural, social and economic conditions [195], dominated by small fleets operating low-ton-
nage vessels, while large industrial fleets are uncommon. Total fish landings are reported 
by region and subdivision [196]. In the eastern Mediterranean, comprising the Aegean and 
Levantine seas, landings grew from 66 318 tonnes in 1970 to 295 870 tonnes in 1994, and 
fluctuated around 200 000 tonnes thereafter, with catches of 216 804 tonnes reported in 
2017 [197], while in the Levantine Sea total landings increased to a maximum around 2010 
and declined to 75 000 tonnes thereafter [196]. European sardine (Sardina pilchardus) 
and European anchovy (Engraulis encrasicolus) are the main species landed in the eastern 
Mediterranean accounting for 15% and 10%, respectively, followed by natantian decapods 
(mainly Aristeus spp. and Aristeomorpha spp.), bogue (Boops boops) and sardinellas (Sard-
inella spp.). In the Levantine Sea the mean trophic level of the catch declined continuously 
from 1970 to a minimum in 2015, indicating that the proportion of the high trophic-level 
species in the catch decreases [196]. According to the most recent FAO fisheries statistics 
[198], Turkey and Egypt land higher quantities of fish (Figure 16), followed by Lebanon, 
Palestine, Syrian Arab Republic, Israel, and Cyprus (Figure 17).

Recent publications on landings [199], scientific surveys and stock assessments generally 
agree that the Mediterranean fisheries are overexploited and the majority of the stocks are 
declining in biomass. Local overexploitation has also been reported in Greek and Turkish 
seas and in the Ligurian Sea [200, 201] and is often attributed to bad or inadequate man-
agement practices and less-selective fishing gear [202]. The overall stock and exploitation 
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patterns were rather uniform across the Mediterranean ecoregions, with low stock bio-
mass and high fishing pressure being the common characteristics. According to a recent 
work on landings overall, central and eastern portions of the Mediterranean appear to be 
doing worse, with more overexploited and collapsed stocks and fewer developing ones 
– compared with the western Mediterranean [203]. Similarly, a study of four indicators 
(total landings, mean trophic level, fishing-in-balance index, stock status based on land-
ings) suggests that the western and central Mediterranean are in better condition than 
the eastern portions [199]. The Levantine sea was recently evaluated as “intermediate” 
compared with all other Mediterranean subdivisions based on ecotrophic indicators and 
catch trends [196]. 

In the Red Sea, the two of the three main fishing countries (Saudi Arabia and Yemen) 
report landing more fish, but Egypt’s catches have declined since 2000 (Figure 18). For 
the remaining countries, Djibouti landings have risen, while they have fallen for Eritrea and 
Sudan (Figure 19; data from FAO, 2020). Fisheries in the study area will be sustainable 

Source: FAO, 2020

FIGURE 16. Landings of fish in Turkey and Egypt (Mediterranean), 1950-2020
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FIGURE 17. Landings of fish in Cyprus, Syrian Arab Republic, Israel,  
Lebanon and Palestine, 1950-2020 
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only if the exploited marine populations are allowed to recover, i.e., if the fishing countries 
drastically reduce pressure on them [204, 205]. Ecosystem-based fisheries management 
aims to rebuild both higher and the lower trophic levels while protecting habitats and live-
lihoods. Marine-protected areas are a key management tool for rebuilding the biomass of 
marine populations, ensuring ecosystem health and resilience against sea warming and 
the encroachment of non-indigenous species.

The Mediterranean Sea is warming rapidly because of climate change, a trend that facili-
tates the encroachment of thermophilic non-indigenous species [206]. The Mediterranean 
Sea, especially its eastern part, is a hotspot for introduced, non-indigenous species [207, 
208]arriving from the Indo-Pacific region. They accomplish this directly, by swimming or 
drifting, or indirectly, conveyed in ballast water through the Suez Canal (called “Lessep-
sian” migration, after the builder of the canal, [209]). The total known number of non-in-
digenous species has exceeded one thousand, most of them affecting local biodiversity as 
well as ecosystem functions and services [210]. 

Source: FAO, 2020

FIGURE 18. Landings of fish in Egypt, Saudi Arabia, and Yemen (Red Sea), 1950-2020
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FIGURE 19. Landings of fish in Djibouti, Eritrea, and Sudan (Red Sea), 1950-2020
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Climate change (and variability) has led to parallel changes in Mediterranean marine 
ecosystems and resources, with implications for species diversity and catch composi-
tion. Examples of this changing environment are, among others, the decline of Posidonia 
meadows, the Neptune grass that carpets seafloors [211], the increase in the frequency 
of red tides and jellyfish outbreaks [212], the “tropicalisation” of marine fauna in favour of 
thermophilic species [213], and the spread of microbial pathogens seen with sea warm-
ing [214]. Apart from fish distribution shifts and biomass declines in local stocks, future 
projections suggest that marine populations and biodiversity will suffer increasing stress 
if temperatures exceed 2°C above preindustrial levels [215]. Sea warming and deoxygen-
ation combined with intense fishing pressure and other anthropogenic and environmental 
stresses could affect somatic growth, spawning and mortality as well as distribution of 
fish populations, resulting in changes in the potential catch of exploited marine species and 
economic losses [216] as fisheries yields are expected to decline [217]. 

The mean temperature of the catch, an indicator for the effect of global warming on marine 
populations [218], has been increasing across the Mediterranean and locally, showing that 
the ratio of warm-water (thermophilus) to cold-water (psychrophilus) marine species is 
changing in favour of the former. This indicates either a rise in the relative proportion of 
thermophilus species in the catches or a drop in the relative proportion of the psychrophi-
lus ones, both driven by sea warming [219].

A newly developed theory (Gill-Oxygen Limitation Theory) predicts that the somatic size of 
fish will shrink when their gill surface area cannot compensate for the increased metabolic 
rates required by higher water temperatures. To survive temperature increases, individ-
uals are likely to shrink [220]. The theory may also explain the poleward shift of marine 
organisms [218] and their move into deeper waters [221]. Both these trends are seen in 
the Mediterranean [219] and may affect fisheries (in effort, catch, and revenue) across 
the study area. The Mediterranean Sea is among the semi-enclosed marine areas where 
extinctions and range shifts of local species are predicted to be most common [222].

At the end of 1980s and especially during the mid-1990s, the region underwent regime 
shifts [212, 223] that inflicted major atmospheric, hydrological and ecosystem changes; 
marine resources and fisheries were affected. Various studies link ocean-atmospheric 
processes—such as the Atlantic Multidecadal Oscillation (AMO) and the North Atlantic 
Oscillation (NAO)—that have identified indices for alterations in the distribution and bio-
mass of pelagic fish, as well as their catch composition across the Mediterranean, espe-
cially to pelagic species [223] During mid-1990s, sea surface temperature and AMO index 
show a temperature spike in the Mediterranean [224, 225], and the dynamics of many 
pelagic fish species showed a conspicuous change around that time. The late 1990s was 
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determined as the turning point for the northward expansion of warm-water species in 
the Mediterranean [226], as confirmed by stark upturns of non-indigenous species in the 
eastern Mediterranean Sea in 1998 [227]. A recent study reports that the pelagic fishes of 
the eastern Mediterranean respond most strongly to AMO variability, while the effect of the 
NAO on pelagic fishes of the eastern Mediterranean is negligible [228]. It is not yet clear, 
however, how these climatic changes affect pelagic fish population dynamics when they 
combine with anthropogenic pressures.

3.5. Gaps in knowledge
This section highlights the gaps in knowledge regarding agriculture and the region’s adap-
tation to climate change. It is also essential that a main objective of the study is to highlight 
the most critical focus for the coming years. Global warming will require a paradigm shift 
for the practice of agriculture generally and specifically for the role of livestock within 
farming systems. 

Regarding animal husbandry, science and technology need to identify the most pressing 
themes of climatic adaptation. For example, the dissemination of recent findings on range-
land ecology, in particular matching stocking rates with pasture; adjusting herds and water 
points; altered seasonal and spatial patterns of forage; diet quality and the use of silage; 
pasture seeding and rotation; fire management of woody shrubs; and shifting to more suit-
able livestock breeds or species. In addition, the holistic approach to pastoral management 
can encourage greater knowledge about migratory pastoralism and biosecurity measures 
to monitor and manage the spread of pests, weeds, and diseases. Grain crops integrated 
with pasture plants and livestock could produce a diversified system more resilient to 
higher temperatures, elevated carbon dioxide levels, uncertain precipitation, and other 
untoward effects of climate change. The integration of new technologies into research 
and technology transfer systems could offer many opportunities to further develop climate 
change adaptation and mitigation strategies.

The following thematic areas have been identified; strategies should be designed and 
implemented to close the relevant gaps. Detailed research and policy actions are high-
lighted below. 

3.5.1. Food systems
In general, farmers possess limited knowledge about the:

• adverse effects of climate change on the yield and quality of crops, animals and 
aquaculture
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• importance of agriculture for other sectors

• effect of invasive species on agricultural ecosystems 

• urban and peri-urban agricultural ecosystems and their food-growing potential

• overlooked risks of climate change on people in the EMME region; rising food prices, 
scarce non-agricultural income and food safety 

• early warning systems for pests and diseases arising from multi-trophic interac-
tions and climatic data analysis and modelling

3.5.2. Water resources
Farmers also have limited access to or knowledge about:

• available data on water quantity and quality 

• the status of their water resources 

• technologies and best-performing practices regarding water resources to adapt to 
climate change 

3.5.3. Land degradation
Farmers also have limited access to or knowledge about:

• the interconnection of desertification and socio-economic development

• available solutions and best practices to combat desertification

• the role of greenhouse gas emissions under climate change conditions

• how microbial communities help to fix CO2 in soils; the regional diversity and abun-
dance of autotrophs.

• soil biodiversity and functioning 

3.5.4. Aquaculture
Farmed fisheries and their workers lack:

• information about disease baselines and time-series monitoring 

• baseline setting and monitoring of wild populations as they relate to farmed species 
via standardised methodologies

• knowledge about climate parameters related to disease outbreaks and the effects 
on each of farmed species. Field data along with experimental manipulation in the 
laboratory.
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3.5.5. Fisheries
Fishery workers have limited knowledge about:

• monitoring fish stocks and how fisheries affect marine populations (stock 
assessments) 

• non-indigenous species in marine ecosystems and their interactions with and effect 
on native species

• how climate and fisheries interact to affect on marine populations

• assessing climate change risks on the social and economic components of fisher-
ies, especially small-scale coastal activities

• the effect of climate on western and central Mediterranean fisheries 
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4. The policy landscape

This section catalogues those policies relevant to the task force’s scientific focus, specify-
ing, where applicable, their types – e.g. regulatory approaches (including economic instru-
ments), information and dissemination programmes, investments and R&D in technologies, 
etc. The policies are also classified as national, regional, or international; distinctions are 
drawn between adaptation and mitigation measures. Policy gaps are also identified.

4.1.  United Nations Climate Policy and Governance: Synopsis  
and guidance

Developed and developing countries came to a common cause, undertaking ambitious 
efforts to mitigate climate change and adapt to its effects by adopting the Paris Agreement. 
The central objective of the agreement is to limit global average temperature increases to 
well below 2°C above pre-industrial levels. Under the agreement, countries arranged to 
present their Nationally Determined Contributions (NDCs), meaning each country would 
propose its national plan to reduce greenhouse gas emissions. To stay beneath the 2oC 
ceiling, global GHG emissions must decline by 25% until 2030. Meanwhile, the opportunity 
to bridge the emission gap by 2030 is quickly closing. Indeed, the UN Environment (UNEP) 
2018 Emissions Gap Report shows that the goals spelled out in the NDCs need to be tri-
pled to keep global temperatures from rising 2oC. Further actions need to be identified, and 
any gaps financed, so that the ambitious NDCs can be implemented.

The agriculture sector holds a central position in the Paris Climate Change Agreement: of 
the 194 countries submitting NDCs, 96% of them included measures to address the role of 
agriculture and/or land use, in addition to land use change and forestry (LULUCF), in their 
mitigation and adaptation contributions. For the EMME region (comprising 17 countries), 15 
countries (94%) submitted NDCs that named agriculture as a sector in their adaptation and/or 
mitigation actions. A case study of NDCs could highlight the importance of specific measures 
and guide policy makers through the constraints affecting climate change in the region.

4.2. Climate change and the EU’s Common Agricultural Policy
The European Union policy framework for climate change was fashioned in response to 
the development of international commitments made since 1991, after the International 
Panel on Climate Change (IPCC) was first convened. The European Union proposes to 
achieve climate-neutral targets by 2050 and an intermediate target of at least a 55% 
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reduction in greenhouse gas emissions by 2030. The Commission is revising the regula-
tion on the inclusion of GHG and removals from land use and land use change and for-
estry (LULUCF). This action lies within the EU leaders’ agreement, that all sectors should 
contribute to the EUs emission reduction target, including the land use sector. Moreover, 
this effort is in line with the Paris Agreement, which stresses the role of land use sector 
in meeting the mitigation challenges. According to the new Regulation (EU) 2018/841, 
each Member State shall ensure that emissions do not exceed removals, including those 
accounted for any land use, including wetlands. 

At the 2013 meeting, the EU Commission adopted an EU strategy on adaptation to climate 
change. The overarching objectives of this strategy are to make the EU more climate resil-
ient and through preparedness and capacity building address the challenges of climate 
change. Although the strategy has been set, it does not include binding targets or require-
ments for the Member States but provides supporting documents and guidance. This was 
expected to assist Member States in their efforts to develop and integrate adaptation strat-
egies on climate change as well as initiatives to face the related challenges. In particular, 
the EU Commission set out principles and recommendations on integrating adaptations 
into the National Rural Development Plans within the programming period 2014-2020. 
The current Rural Development Regulation (1305/2013) requires that at least 30% of 

BOX 5. The Arab Centre for Climate Change Policies

The Arab region has been actively addressing climate change impacts, having established 
the Arab Centre for Climate Change Policies (ACCCP). The centre aims at strengthening the 
capacity of Arab states to understand and address climate change with the goal of sustainable 
development in the Arab region. 

ACCCP was established at the 30th session (28 June 2018) of the UN Economic and Social 
Council for Western Asia (ESCWA) by high-level representatives of member countries and 
was the culmination of work that ESCWA and partner organisations have been undertaking on 
behalf of Arab states in climate change assessment, adaptation, mitigation and negotiations for 
over a decade in response to requests for assistance from member states. In fact, ESCWA and 
the League of Arab States, in partnership with UNEP and UNESCO, have to date co-organised 
13 technical workshops on issues of concern to the region in negotiations under the UNFCCC 
and Paris Agreement processes. Topics covered include finance, technology, and scientific 
knowledge. 

According to the resolution, ACCCP supports member states through technical assistance 
and advisory services, capacity building to strengthen institutional frameworks and support 
regional platforms; promoting climate-related responses; and providing access to knowledge 
and data using the Regional Knowledge Hub.
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funding for each rural development programme must be dedicated to measures relevant 
for the environment and climate change adaptation. The current CAP contains no legally 
binding or concrete, quantified objectives for climate adaptation. The Directorate General 
for Agriculture funded a study to evaluate the impact of the CAP on climate change and 
GHG emissions, and the findings showed that several CAP measures are either fully or 
partially relevant to the EU’s rural mitigation and adaptation needs. The study also revealed 
that some of the most relevant measures included in CAP are constrained by the lack of 
compulsory implementation. There are no mandatory measures in Pillar I, for example, 
targeting emissions from livestock or crop farming.

In the legislative proposals for CAP after 2020, the European Commission has set ambi-
tious environmental and climate change objectives, knowing agriculture is responsible for 
around 10% of the EU’s GHG emissions. The European Green Deal aims to make Europe 
the world’s first climate-neutral continent by 2050. The new CAP aims to provide strong 
institutional support and substantial contributions to the European Green Deal. Special 
attention has been given to support farm-to-fork and biodiversity initiatives. In its propos-
als, the Commission suggests the following measures related to climate change:

• An obligatory nutrient management tool that helps farmers reduce ammonia and 
N2O emissions

• The adoption of eco-schemes as a funding stream within CAP’s direct payment 
modes

Although a major effort is being made to introduce measures to face the challenges for cli-
mate change adaptation and mitigation, there is an urgent need for more coherent objec-
tives linked to the United Nations Sustainable Development Goals (SDGs) and associated 
with measurable targets [229].

4.3. Climate change and crop production in the Arab region
The AquaCrop simulation programme, developed by the UN Food and Agriculture Organ-
ization, and the climate-variables projections of the RICCAR Initiative on Climate Change 
in the Arab Region, led by the UN Economic and Social Council for Western Asia, were 
utilised to identify the impacts of climate change on agricultural production in the Arab 
region. A technical country team was established and trained by ESCWA, FAO and ACSAD 
to conduct assessments for nine Arab countries (Egypt, Jordan, Iraq, Palestine, Lebanon, 
Morocco, Sudan, Tunisia, and Yemen) in 2017 and 2018. The assessments occurred within 
the framework of ESCWA’s regional project, “Promoting Food and Water Security through 
Cooperation and Capacity Development in the Arab Region.” 
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Climate models were used on selected areas in each country, representing both rainfed 
and irrigated agricultural areas. The climate change projections correspond to GHG con-
centration trajectories adopted by the Intergovernmental Panel on Climate Change. Called 
Representative Concentration Pathways (RCP), these trajectories track two emissions 
scenarios. The first is RCP 4.5 (a moderate-emissions scenario), while the second is RCP 
8.5 (a scenario involving higher emissions, or “business as usual”). In a way, RCP 4.5 and 
RCP 8.5 correspond to more optimistic and more pessimistic scenarios, respectively. The 
time horizons for the two RCPs consider the periods 2020-2030 (represented by 2025) 
and 2040-2050 (represented by 2045). Further, to analyse the effect of elevated CO2 
on crop yield loss, two sets of projected CO2 concentration changes, for each of the RCP 
scenarios, were simulated: one that considered the effects of increasing CO2 concentra-
tions; and another that kept CO2 concentrations at baseline. Figure 20, below, presents a 
schematic diagram of the methodology used.

A summary of findings for five Arab countries (Jordan, Iraq, Egypt, Lebanon and the State 
of Palestine) is presented in Box 6, using RCP 4.5 and 8.5 scenarios for both periods 
(2025 and 2045) and under stable and changing CO2 concentrations. In general, simu-
lations showed that climate change altered crop productivity and growth cycle; decrease 
in productivity is accompanied by a shortage in the length of crop cycle, which could be a 
result of rising temperatures. The change in CO2 concentration increased productivity as 

FIGURE 20. Identifying the impact of climate change on  
agricultural production in the Arab region 
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BOX 6. Main findings of the AquaCrop/RICCAR simulation for five Arab countries

Jordan: Irrigated tomatoes in Mafraq and rainfed wheat in Madaba

• Crop growth cycle decreases by 2-4 days for tomatoes, and 3-5 days for wheat under 
RCP 4.5

• Productivity of tomatoes decreases by less than 3.1% in case of stable CO2 for both 
scenarios. In case of changing CO2, productivity increases by 21.3 % for 2045 period 
under RCP 8.5.

• Productivity of wheat increases by about 32.1% and 36.5% for 2025 and 2045 periods, 
respectively in cased of stable CO2. In case of changing CO2, productivity increases by 
42.4% and 73.9%, for both periods under RCP 8.5. 

• Application of 17% deficit irrigation for tomato crops results in significant yield reduc-
tions of around 8% under RCP 4.5, and around 6% under RCP 8.5 for both periods.

Iraq: Irrigated tomatoes and wheat in Al Suwaira region

• Crop growth cycle decreases by 1-2 days for tomatoes and by 4-9 days for wheat under 
RCP 4.5.

• Productivity of tomatoes decreases by less than 7% for both periods and scenarios 
under stable CO2. In case of changing CO2, productivity increases by around 12% for 
2045 period under both scenarios. 

• Productivity of wheat decreases by less than 4% for both periods and scenarios under 
stable CO2. In case of changing CO2, productivity increases by 15% for 2045 period 
under RCP 8.5.

• Application of 40% deficit irrigation on tomatoes results in yield reduction reaching 
34% for both scenarios under stable CO2 conditions. 

• Application of 40% deficit irrigation for wheat crop results in yield reductions of around 
9.34% in case of stable CO2 and increased yields by 9.4 % in case of altered CO2 under 
RCP 8.5.

Egypt: Irrigated wheat and maize in the Sakha area and irrigated tomatoes in Nubaria region

• Crop growth cycle decreases by 3-6 days for wheat, 2-3 days for maize and 3-4 days 
for tomatoes under RCP 4.5

• Wheat productivity decreases by less than 6% for both periods and scenarios under 
stable CO2. In case of changing CO2, productivity increases by around 13% for 2045 
period under both scenarios. 

• Productivity of maize decreases by less than 3% for both periods in case of stable CO2 
and increases by about 1% for both periods under changing CO2 and for both scenarios.

(Continued next page)
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it enhances the photosynthetic rate of plants while reducing transpiration. Deficit irrigation 
simulations were carried out as an adaptation measure towards water shortages to iden-
tify changes in yield and obtain a better understanding of different management strategies. 
Application of deficit irrigation on tomato and potato crops registered significant changes, 
whereas no changes were observed with maize crops. The wheat crop showed increased 
productivity with deficit irrigation under altered CO2 concentrations. 

ESCWA translated the assessment results into country-specific policy alternatives to make 
the agriculture sector more resilient to climate change and to help tailor more precise 
agricultural strategies. These include: 

Institutional and financial arrangements
• Adopt and scale up conservation practices in rainfed agriculture. 

• Mobilise resources for investment in agriculture value chains.

• Promote investments to modernise irrigation systems.

BOX 6 (continued)

• Productivity of tomatoes decreases by less than 1% for both periods under RCP 4.5 in 
case of stable CO2. In case of changing CO2, productivity increases by 25.7 and 32.6 
under RCP 4.5 and 8.5, respectively for 2045 period.

• Application of 40% deficit irrigation increases productivity of wheat by less than 1% and 
does not impact maize yield, whereas tomato yields drop by around 44% for all periods 
and scenarios. 

Lebanon: Irrigated wheat in Bekaa

• Crop growth cycle decreases 3-7 days under RCP 4.5.

• Productivity of wheat increases by 17.4% in case of stable CO2 and increases by 42% 
in case of changing CO2 for 2045 period under RCP 8.5.

State of Palestine: Rainfed wheat and Irrigated potatoes, Marj Ibn Amer 

• Crop growth cycle increases by 1 day for wheat and decreases by 2 days for potatoes 
under RCP 4.5.

• Productivity of wheat increases by 30% in case of stable CO2, and 56% in case of 
altered CO2 for 2045 period under RCP 4.5.

• Productivity of potatoes decreases by less than 4 % for both periods and scenarios with 
stable CO2 and increases in case of altered CO2 by 11.6% and 23.8% for both periods 
under RCP 8.5.

• Application of 25% deficit irrigation for potato crop decreases yields by up to 28% for 
2025 period under RCP 4.5.
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• Enhance water accounting systems to monitor water availability and water allocations.

• Promote research and assessments on use of crop varieties suited to new climate 
conditions.

• Ensure cross-sectoral coordination among, for example, water and agriculture ministries.

Technical arrangements
• Adjust sowing dates according to temperature and rainfall patterns.

• Modify irrigation depth and application time.

• Apply conservation agriculture such as minimum tillage and crop rotation.

• Promote rainwater harvesting, and application of supplementary irrigation.

• Use innovative and improved agricultural technologies and digital solutions.

Evidence generation
• Improve research to compare yields and develop soil properties and plant-growth 

phases.

• Produce interactive maps based on geographic-information systems to visualise 
and analyse the effects of climate change on agricultural lands. 

• Improve data collection, reporting, and sharing; promote unified and reliable data-
bases for agriculture and water authorities.

• Perform periodic risk-assessments that evaluate decision making (short, medium 
and long-term).

Another important initiative, implemented from 2014 to 2019, focused on a coordinated 
policy of Arab countries on water use in agriculture (Box 7). 

 BOX 7. Coordinated policy development on food  
and water security in the Arab region

The Arab Ministerial Council (AMWC) and the Arab Organization for Agricultural Development 
(AOAD) of the League of Arab States have strived to coordinate policy on water use in the 
agriculture sector. The initiative on food and water security in the Arab region (2014-2019) has 
been funded by the Swedish International Development Cooperation Agency, the UN Economic 
and Social Council for Western Asia (ESCWA) NS FAO-RNE (Regional Office for Near East and 
North Africa). 

In that respect, a technical advisory working group was formed to coordinate water and agri-
culture ministries, ESCWA, FAO-RNE, AMWC and AOAD, and all the councils responsible for 

(Continued next page)
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water and agriculture in the Arab states. The initiative and objectives became part of the 
League of Arab States’ regional initiative on the water-energy-food nexus as a permanent 
agenda item of the AMWC, anchoring it to the regional intergovernmental processes for water 
resources (Resolution #174). The outcomes of this initiative directly address the objectives 
of Arab Water Security Strategy covering sustainable agricultural development in the region 
from 2005 to 2025 and the Emergency Program for Arab Food Security and its action plan. 
A similar modality was followed to include activities for this initiative in the reporting for the 
political setting of AOAD, covering the regional intergovernmental processes for agriculture 
(Resolution #15/49). 

In April 2019 the first joint meeting of Arab ministers of agriculture and water was organised 
at the League of Arab States in Cairo. It resulted in the adoption of terms of reference for the 
Joint Ministerial Committee, a high-level technical committee assisted by a Joint Secretariat 
comprising AOAD and AMWC that are assisted by regional and international organisations. 
This ministerial meeting concluded with a call to integrate water and food security issues into 
the national sustainable development strategies. It further called for the adoption of the Cairo 
Declaration urging regional coordination to harmonise policies across water and food sectors 
so they can face impacts of climate change and water scarcity.

On October 23-24, 2019, the Joint High-Level Committee on Agriculture and Water held its first 
meeting, on the side-lines of Cairo Water Week. There, it sought to inform discussions in the 
technical meeting and presented a background paper (entitled “Towards a Paradigm Change” 
on water allocation for agriculture in the Arab region. There were recommendations that the 
water allocation mechanism was made more sustainable in the face of mounting water scar-
city. The meeting resulted in the adoption of five priority areas for work of the Joint High-level 
Committee on Agriculture and Water.

The second meeting of the Joint High-Level Committee on Agriculture and Water was organ-
ised virtually on October 19, 2020, again on the side-lines of the Cairo Water Week. The meeting 
followed up on the progress made in implementing the recommendations of the first meeting 
and discussed the themes and contents of a proposed action plan for 2021-2025 to activate 
the Cairo Declaration of 2019.

FIGURE 21. Key elements of the Cairo Declaration (April 2019)
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FIGURE 22. Cross-sectoral work in the Joint Secretariat: Five priority areas 
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FIGURE 23. The 2019 Cairo Declaration: Proposed framework  
for implementing the action plan 
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and risks associated with water security and food security at the national and regional levels in the Arab region.
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In addition, preparations of the Arab Region Guidelines on Water allocation in the Agriculture 
sector are underway and will be presented for discussion to the Joint High-Level Committee 
on Agriculture and Water in their upcoming meeting in 2020 prior to adoption by the Second 
Joint Ministerial Meeting for Agriculture and Water planned for mid-2021.

BOX 7 (continued)
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5.  Proposed policy and research 
initiatives 

This section provides policy proposals classified, where applicable, by type – e.g. economic 
instruments, regulatory approaches, information and dissemination programmes, invest-
ments and R&D in technologies, etc. The impact of regionally implemented policies will 
also be explained here. The “toolkit” will be presented in this section, where it will receive 
extra attention.

The section also proposes new research projects/directions based on the gaps identified 
in Section 4. See Box 7 for more about the importance of regional cooperation on joint 
research programmes and projects. 

5.1. Policy proposals
• Creating strong and direct links between Science and Administration: capacity 

building of a novel structure facilitating the communication between scientists and 
politicians.

• Creating joint research programmes – establishing a funding tool or a cooperative 
fund [funding schemes like the Joint Programming Initiative on Agriculture, Food 
Security, and Climate Change (FACCEJPI) and the EMME-Climate and Atmosphere 
Research Centre (EMME-CARE)].

• Prioritising climate change actions and including relevant joint research projects in 
the national research policies of the participating countries.

• Ensuring cross-sectoral coordination among ministries targeting to agriculture, 
water, and environment.

• Creating public awareness around the initiative and the potential benefits for 
national economies and societies. Forming efficient mechanisms for disseminating 
the joint research outcomes to all stakeholders.

• Preparing a package of strong incentives to farmers in order to facilitate the adop-
tion and broad implementation of the appropriate management practices: Linking 
national subsidies with climate performance (e.g. sustainable agriculture practices 
with emphasis on rainfed agriculture, soil and water conservation, integrated live-
stock-crop production systems etc.).
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• Promoting low-input agricultural ecosystems. 

• Attracting investments for building infrastructures to face extreme events (flood-pre-
vention, drainage and novel irrigation networks, water reservoirs, reforestations, etc.).

• Establishing/extending existing insurance policies for agricultural production against 
hazards from extreme events (floods, droughts, heat waves).

• Developing and implementing a set of best practices for agriculture and natu-
ral ecosystems that are maintaining or increasing the productivity of sustainable 
ecosystems.

5.2. Research proposals
A research agenda would provide EMME region governments with science-based infor-
mation about climate change so they can develop policy strategies and economic tools that 
facilitate adaptations in rural and urban communities. 

The following general actions are considered necessary for the guidance and implemen-
tation of the adopted adaptation and mitigation strategies.

• Establishing control over all task forces and creating a database encompassing all 
the task force reports (existing and new) supported by a special website on the 
initiative.

• Monitoring the implementation efficacy of already-established adaptation and miti-
gation policies and measures.

• Developing reliable indicators as policy tools to assess adaptation/mitigation frame-
works and measures.

5.2.1. Research directions on adaptation: Recommendations
• Taking a regional approach in assessing climatic changes on a mid- (2050) and 

long-term (2100) basis under different emissions scenarios. Adopting the most 
suitable regional meteorological models to be used by the participating EMME coun-
tries (link to science task force necessary).

• Undertaking regional analyses of land degradation with well-established method-
ologies and indicators by all participating countries. Creating the relevant reliable 
databases in a comparable way. 

• Predicting climate change impacts on agricultural production in the EMME coun-
tries, adopting the most suitable crop simulation models.
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• Developing and scaling-up best practices of sustainable measures for agriculture 
and natural ecosystems, conservation practices in rainfed agriculture, and practices 
of integrated livestock-crop production systems. 

• Establishing networks for monitoring risks from climate change: new pests, plant 
and animal diseases, invasive weeds, water resources and quality, vulnerable and 
threatened plant and animal species, and desertification.

• Exploiting local germplasms to breed new cultivars suited to the region’s climatic 
conditions. Promoting research and assessments of new the cultivars in the new 
climatic conditions.

• Introducing innovative and improved agricultural technologies and digital solutions.

• Studying crop/ weed interactions under the new climatic conditions in the EMME 
region.

• Establishing and testing alternative crop husbandry (e.g. crop species and cultivar 
selection, planting dates, fertiliser application, weed control, integrated protection, etc.).

• Promoting and fine-tuning deficit irrigation as a strategic tool for crops sensitive to 
water shortage.

• Establishing on-farm irrigation efficiency programmes to increase farmers’ knowl-
edge about irrigation infrastructure or to modify inefficient irrigation practices. 

• Assessing the effects of climate change on the quality of agricultural products.

• Developing appropriate genetic resources (plant, animal and microbes) suitable for 
the region.

• Examining alternative cropping systems to enhance the productivity of agricultural 
ecosystem.

• Improving and allocating resources to improve rearing environments in aquaculture.

• Developing tools and methodologies for aquaculture environments based on 
nature-mimicking conditions to increase ecological resilience of the system.

• Capacity-building to enable continuous and up-to-date learning about the impact of 
climate change on aquaculture.
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5.2.2. Research directions on mitigation
The aim of the following research activities is to enhance the contribution of the managed 
and natural ecosystems to mitigate greenhouse gas emissions. Special attention should 
be paid on reducing C losses and increase its sequestration in ecosystems. Research 
efforts should also be focused on the reduction of non-CO2 GHG emissions. The following 
research priorities have identified:

• Establishing a network for monitoring GHG-emissions and develop an emissions 
database for the agroecosystems in the EMME-region. 

• Developing practices and technologies for increasing C-sequestration in natural and 
agricultural ecosystems.

• Novel management practices to reduce CH4 and N2O-emissions from rice fields, 
animal husbandry, and nitrogen fertilizer application.

• Reducing fuel consumption (e.g. by reducing soil cultivation intensity and 
agrochemicals). 

• Enhancing the use of renewable energy resources in agriculture.

• Develop tools and technologies that are reducing external inputs in agroecosystems

• Develop and test practices that are improving crop quality and productivity without 
increasing GHG emissions

• Evaluate the impact of different management practices on N2O and CH4 - emissions 
and how C-N interactions are affecting the soil microbial communities.
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6 Recommendations 

Table 4 below contains the recommendations for policy actions in short, medium and long-
term. In addition, it refers to the diligent party responsible for their implementation.

Institutions or platforms acting on these recommendations should take into account the 
impediments barring their adoption. These include ill-informed actions and practices, 
insufficient knowledge about climate-smart strategies, lack of resources, small farm size, 
high costs of implementation, and lack of awareness among policy makers, researchers 
and farmers. Based on the EU experience, adaptation to climate change at the farm level 
depends mainly on the farmer’s willingness to implement specific practices and their abil-
ity to cover the costs of a specific technology or accept some loss of income when imple-
menting an environmentally friendly technique. Climate change is not the main constraint 
on farmer income (crop, animal, fisheries and aquaculture) but part of several problems, 
all tied to the economic viability of food production systems. 

At this point, it is essential to understand the importance of regionally driven policies 
and the development of locally adapted, participatory design of practices, approaches and 
strategies that engage farmers. Efficient funding tools and subsidies could be pivotal for 
mitigating or adapting to climate change. To develop novel approaches to adapting primary 
food production ecosystems to climate change, it is vital for the region to support the 
national research and innovation environment. Funding is the main bar against the devel-
opment of such tools, while there are, in addition, dramatic declines in relevant specialists. 
The region overall is showing poor research coordination and collaboration on solving 
common problems. 

The Task Force recommends the following policy actions to improve the primary food 
production systems in the EMME region as they relate to climate change (Table 4 below). 
The list is not exhaustive.



6. Recommendations | 55

Po
lic

y 
M

ea
su

re
s 

im
pl

em
en

tin
g 

th
e 

Po
lic

y 
Ex

am
pl

es
 o

f a
ct

io
ns

M
iti

ga
tio

n
Ad

ap
ta

tio
n

Be
ne

fic
ia

rie
s

Im
pl

em
en

ta
tio

n 
tim

e
Cr

ea
tin

g 
st

ro
ng

 a
nd

 d
ire

ct
 

lin
ks

 b
et

w
ee

n 
Sc

ie
nc

e 
an

d 
Ad

m
in

is
tra

tio
n 

• 
Ca

pa
ci

ty
 b

ui
ld

in
g 

of
 a

 n
ov

el
 s

tr
uc

tu
re

 
fa

ci
lit

at
in

g 
th

e 
co

m
m

un
ic

at
io

n 
be

tw
ee

n 
sc

ie
nt

is
ts

 a
nd

 p
ol

iti
ci

an
s.

 

N
at

io
na

l/
Tr

an
sn

at
io

na
l

Sh
or

t t
er

m

Pr
od

uc
tio

n 
of

 n
ew

 
kn

ow
le

dg
e 

by
 re

se
ar

ch
• 

Pr
io

rit
iz

at
io

n 
of

 c
lim

at
e 

ch
an

ge
 a

nd
 

ad
ap

ta
tio

n 
re

se
ar

ch
 in

 th
e 

N
at

io
na

l 
Re

se
ar

ch
 p

ol
ic

ie
s.

• 
Es

ta
bl

is
hm

en
t o

f a
 c

oo
pe

ra
tiv

e 
fu

nd
in

g 
to

ol
 to

 s
up

po
rt

 re
se

ar
ch

 a
ct

iv
iti

es
 in

 th
e 

Re
gi

on
. 

• 
U

nd
er

st
an

di
ng

 th
e 

ph
ys

io
lo

gy
 o

f c
ro

p 
an

d 
w

ee
d 

sp
ec

ie
s 

of
 th

e 
re

gi
on

 to
 c

lim
at

e 
ch

an
ge

. 
• 

Su
rv

ey
s 

fo
r 

pr
ed

ic
tin

g 
cl

im
at

e 
ch

an
ge

 im
pa

ct
s 

on
 a

gr
ic

ul
tu

re
 a

nd
 fi

sh
er

ie
s.

• 
U

til
iz

in
g 

lo
ca

l g
er

m
pl

as
m

 fo
r 

pr
od

uc
in

g 
ne

w
 

cu
lti

va
rs

 re
si

lie
nt

 in
 th

e 
ne

w
 c

on
di

tio
ns

 (e
tc

., 
se

e 
7.

2.
1 

of
 th

e 
TF

 R
ep

or
t) 

+
N

at
io

na
l/

Tr
an

sn
at

io
na

l
Sh

or
t t

er
m

 
M

ed
iu

m
 te

rm

Em
ph

as
is

 o
n 

Ed
uc

at
io

n/
O

ut
re

ac
h

• 
Cr

ea
tin

g 
pu

bl
ic

 a
w

ar
en

es
s 

on
 th

e 
in

iti
at

iv
e 

an
d 

its
 p

ot
en

tia
l b

en
efi

ts
 to

 
na

tio
na

l e
co

no
m

ie
s 

an
d 

so
ci

et
ie

s.
• 

D
ev

el
op

 e
ffi

ci
en

t d
is

se
m

in
at

io
n 

m
ec

ha
ni

sm
s 

of
 th

e 
jo

in
t r

es
ea

rc
h 

ou
tc

om
es

 to
 a

ll 
st

ak
eh

ol
de

rs
.

+
+

N
at

io
na

l
M

ed
iu

m
 te

rm
Lo

ng
 te

rm

D
ev

el
op

in
g 

po
lic

y 
to

ol
s 

fo
r 

ad
ap

ta
tio

n/
m

iti
ga

tio
n 

m
ea

su
re

s

• 
Cr

ea
tin

g 
re

lia
bl

e 
in

di
ca

to
rs

 fo
r 

as
se

ss
in

g 
ad

ap
ta

tio
n/

m
iti

ga
tio

n 
fr

am
ew

or
ks

 a
nd

 m
ea

su
re

s.

• 
Be

st
 p

ra
ct

ic
es

 o
f s

us
ta

in
ab

le
 m

ea
su

re
s 

fo
r 

ag
ric

ul
tu

re
 a

nd
 n

at
ur

al
 e

co
sy

st
em

s.
• 

Ad
op

t a
nd

 s
ca

le
-u

p 
co

ns
er

va
tio

n 
pr

ac
tic

es
 in

 
ra

in
fe

d 
ag

ric
ul

tu
re

.
• 

Be
st

 p
ra

ct
ic

es
 o

f i
nt

eg
ra

te
d 

liv
es

to
ck

-c
ro

p 
pr

od
uc

tio
n 

sy
st

em
s.

+
+

N
at

io
na

l
Sh

or
t t

er
m

Pr
ep

ar
in

g 
a 

pa
ck

ag
e 

of
 s

tr
on

g 
in

ce
nt

iv
es

 fo
r 

fa
rm

er
s 

• 
Ad

op
tin

g 
su

st
ai

na
bi

lit
y 

m
ea

su
re

s 
fo

r 
so

il, 
w

at
er

, b
io

di
ve

rs
ity

, e
ne

rg
y.

• 
Pr

om
ot

in
g 

lo
w

 in
pu

t a
gr

ic
ul

tu
re

.

+
+

N
at

io
na

l
Sh

or
t t

er
m

Pr
ed

ic
tin

g 
an

d 
fa

ci
ng

 
en

vi
ro

nm
en

ta
l d

eg
ra

da
tio

n 
an

d 
cr

op
 lo

ss
es

 b
y 

pe
st

s 
an

d 
di

se
as

es
 

• 
Es

ta
bl

is
hi

ng
 n

et
w

or
ks

 o
f o

bs
er

va
to

rie
s 

fo
r 

m
on

ito
rin

g 
w

at
er

 re
so

ur
ce

s, 
so

il 
de

gr
ad

at
io

n,
 n

ew
 in

va
si

ve
 p

es
ts

 a
nd

 
pa

th
og

en
s 

+
N

at
io

na
l/

Tr
an

sn
at

io
na

l
Sh

or
t t

er
m

M
ed

iu
m

 te
rm

Bu
ild

in
g 

ap
pr

op
ria

te
 

in
fr

as
tr

uc
tu

re
s 

fo
r 

fa
ci

ng
 

ex
tr

em
e 

ev
en

ts

• 
At

tra
ct

in
g 

in
ve

st
m

en
ts

 fr
om

 n
at

io
na

l/
in

te
rn

at
io

na
l f

ou
nd

at
io

ns
 

• 
Pr

ot
ec

tio
n 

fr
om

 fl
oo

ds
.

• 
Bu

ild
in

g 
re

se
rv

oi
rs

 fo
r 

w
at

er
 h

ar
ve

st
in

g.
• 

Re
fo

re
st

at
io

ns
, r

es
to

ra
tio

ns
.

• 
M

od
er

ni
za

tio
n 

of
 ir

rig
at

io
ns

 s
ys

te
m

s.

+
N

at
io

na
l

M
ed

iu
m

 te
rm

Lo
ng

 te
rm

Pr
ot

ec
tio

n 
of

 r
ur

al
 in

co
m

e
• 

Es
ta

bl
is

hi
ng

 o
r 

ex
te

nd
in

g 
ex

is
tin

g 
in

su
ra

nc
e 

po
lic

ie
s 

fo
r 

ag
ric

ul
tu

ra
l 

pr
od

uc
tio

n 
fr

om
 e

xt
re

m
e 

ev
en

ts
. 

• 
D

ev
el

op
in

g 
re

lia
bl

e 
cr

op
 lo

ss
 a

ss
es

sm
en

t 
m

et
ho

ds
. 

+
N

at
io

na
l

M
ed

iu
m

 te
rm

TA
BL

E 
4.

 R
ec

om
m

en
da

tio
ns

 fo
r p

ol
ic

y 
ac

tio
ns

 in
 s

ho
rt

, m
ed

iu
m

 a
nd

 lo
ng

 te
rm



56 | Report of the Task Force on Agriculture and the Food Chain

References

[1] V. Sejian, V. P. Maurya, K. Kumar, and S. M. K. Naqvi, “Effect of multiple stresses on growth and adaptive 
capability of Malpura ewes under semi-arid tropical environment,” Tropical Animal Health and Production, vol. 
45, no. 1, pp. 107-116, 2012.

[2] A. Sharma and N. Kataria, “Effect of extreme hot climate on liver and serum enzymes in Marwari goats,” 
Indian Journal of Animal Sciences (India), 2011.

[3] V. Sejian, R. Bhatta, J. Gaughan, P. K. Malik, S. M. K. Naqvi, and R. Lal, “Adapting Sheep Production to Climate 
Change,” in Sheep Production Adapting to Climate Change, V. Sejian, R. Bhatta, J. Gaughan, P. K. Malik, S. M. K. 
Naqvi, and R. Lal Eds. Singapore: Springer Singapore, 2017, pp. 1-29.

[4] J. Gaughan and A. J. Cawdell-Smith, “Impact of Climate Change on Livestock Production and Reproduction,” 
in Climate Change Impact on Livestock: Adaptation and Mitigation, V. Sejian, J. Gaughan, L. Baumgard, and C. 
Prasad Eds. New Delhi: Springer India, 2015, pp. 51-60.

[5] S. M. K. Naqvi, D. Kumar, R. K. Paul, and V. Sejian, “Environmental Stresses and Livestock Reproduction,” in 
Environmental Stress and Amelioration in Livestock Production, V. Sejian, S. M. K. Naqvi, T. Ezeji, J. Lakritz, and 
R. Lal Eds. Berlin, Heidelberg: Springer Berlin Heidelberg, 2012, pp. 97-128.

[6] R. J. Collier, K. Gebremedhin, A. R. Macko, and K. S. Roy, “Genes Involved in the Thermal Tolerance of Live-
stock,” in Environmental Stress and Amelioration in Livestock Production, V. Sejian, S. M. K. Naqvi, T. Ezeji, J. 
Lakritz, and R. Lal Eds. Berlin, Heidelberg: Springer Berlin Heidelberg, 2012, pp. 379-410.

[7] A. Omazic et al., “Identifying climate-sensitive infectious diseases in animals and humans in Northern regions,” 
Acta Veterinaria Scandinavica, vol. 61, no. 1, p. 53, 2019/11/14 2019, doi: 10.1186/s13028-019-0490-0.

[8] A. Anyamba et al., “Climate Conditions During a Rift Valley Fever Post-epizootic Period in Free State, South 
Africa, 2014–2019,” (in English), Frontiers in Veterinary Science, Original Research vol. 8, 2022-January-31 
2022, doi: 10.3389/fvets.2021.730424.

[9] V. Martin et al., “The impact of climate change on the epidemiology and control of Rift Valley fever,” (in eng), 
Rev Sci Tech, vol. 27, no. 2, pp. 413-26, Aug 2008.

[10] G. Kapetanaki and C. Rosenzweig, “Impact of Climate Change on Maize Yield in Central and Northern Greece: 
A Simulation Study with Ceres-Maize,” Mitigation and Adaptation Strategies for Global Change, vol. 1, no. 3, pp. 
251-271, 1997/01/01 1997, doi: 10.1023/B:MITI.0000018044.48957.28.

[11] C. Giannakopoulos, P. Le Sager, M. Bindi, M. Moriondo, E. Kostopoulou, and C. M. Goodess, “Climatic changes 
and associated impacts in the Mediterranean resulting from a 2  °C global warming,” Global and Planetary 
Change, vol. 68, no. 3, pp. 209-224, 2009/08/01/ 2009, doi: https://doi.org/10.1016/j.gloplacha.2009.06.001.

[12] A. Karamanos, M. Skourtos, D. Voloudakis, A. Kontoyianni, and A. Machleras, “Impacts of climate change on 
agriculture,” in The environmental, economic and social impacts of climate change in Greece, C. C. I. S. Committee 
Ed. Athens, Greece: Bank of Greece, 2011.

[13] D. Voloudakis, A. Karamanos, G. Economou, J. Kapsomenakis, and C. Zerefos, “A comparative estimate of 
climate change impacts on cotton and maize in Greece,” Journal of Water and Climate Change, vol. 9, no. 4, pp. 
643-656, 2018, doi: 10.2166/wcc.2018.022.

[14] E. Georgopoulou et al., “Climate change impacts and adaptation options for the Greek agriculture in 2021–
2050: A monetary assessment,” Climate Risk Management, vol. 16, pp. 164-182, 2017/01/01/ 2017, doi: https://
doi.org/10.1016/j.crm.2017.02.002.

[15] R. Biasi, E. Brunori, C. Ferrara, and L. Salvati, “Assessing Impacts of Climate Change on Phenology and 
Quality Traits of Vitis vinifera L.: The Contribution of Local Knowledge,” Plants, vol. 8, no. 5, p. 121, 2019.

[16] R. Ferrise, M. Moriondo, and M. Bindi, “Probabilistic assessments of climate change impacts on durum wheat 
in the Mediterranean region,” Natural Hazards and Earth System Sciences, vol. 11, no. 5, p. 1293, 2011.



References | 57

[17] M. Moriondo, M. Bindi, C. Fagarazzi, R. Ferrise, and G. Trombi, “Framework for high-resolution climate 
change impact assessment on grapevines at a regional scale,” Regional Environmental Change, vol. 11, no. 3, 
pp. 553-567, 2011.

[18] V. Alary et al., “Bedouin adaptation to the last 15-years of drought (1995-2010) in the north coastal zone 
of Egypt: Continuity or rupture?,” World Development, Article vol. 62, pp. 125-137, 2014, doi: 10.1016/j.
worlddev.2014.05.004.

[19] H. Yang and A. J. B. Zehnder, “Water scarcity and food import: A case study for southern Mediterranean coun-
tries,” World Development, Article vol. 30, no. 8, pp. 1413-1430, 2002, doi: 10.1016/S0305-750X(02)00047-5.

[20] M. Hameed, A. Ahmadalipour, and H. Moradkhani, “Drought and food security in the middle east: An analyt-
ical framework,” Agricultural and Forest Meteorology, vol. 281, p. 107816, 2020/02/15/ 2020, doi: https://doi.
org/10.1016/j.agrformet.2019.107816.

[21] M. I. Hussain, A. Muscolo, M. Farooq, and W. Ahmad, “Sustainable use and management of non-conventional 
water resources for rehabilitation of marginal lands in arid and semiarid environments,” Agricultural Water 
Management, vol. 221, pp. 462-476, 2019/07/20/ 2019, doi: https://doi.org/10.1016/j.agwat.2019.04.014.

[22] L. J. Briggs and H. L. Shantz, “The water requirement of plants,” in Bureau of Plant Industry Bulletin Wash-
ington, DC: US Department of Agriculture, 1913, pp. 282–285.

[23] B. Basso and J. T. Ritchie, “Evapotranspiration in High-Yielding Maize and under Increased Vapor Pressure 
Deficit in the US Midwest,” Agricultural & Environmental Letters, https://doi.org/10.2134/ael2017.11.0039 vol. 
3, no. 1, p. 170039, 2018/01/01 2018, doi: https://doi.org/10.2134/ael2017.11.0039.

[24] E. A. Tambussi, J. Bort, and J. L. Araus, “Water use efficiency in C3 cereals under Mediterranean conditions: 
a review of physiological aspects,” Annals of Applied Biology, https://doi.org/10.1111/j.1744-7348.2007.00143.x 
vol. 150, no. 3, pp. 307-321, 2007/06/01 2007, doi: https://doi.org/10.1111/j.1744-7348.2007.00143.x.

[25] J. S. Wallace, “Increasing agricultural water use efficiency to meet future food production,” Agriculture, 
Ecosystems & Environment, vol. 82, no. 1, pp. 105-119, 2000/12/01/ 2000, doi: https://doi.org/10.1016/
S0167-8809(00)00220-6.

[26] R. Koech and P. Langat, “Improving Irrigation Water Use Efficiency: A Review of Advances, Challenges and 
Opportunities in the Australian Context,” Water, vol. 10, no. 12, p. 1771, 2018. [Online]. Available: https://www.
mdpi.com/2073-4441/10/12/1771.

[27] E. Fereres and M. A. Soriano, “Deficit irrigation for reducing agricultural water use,” Journal of Experimental 
Botany, vol. 58, no. 2, pp. 147-159, 2006, doi: 10.1093/jxb/erl165.

[28] S. Mushtaq and M. Moghaddasi, “Evaluating the potentials of deficit irrigation as an adaptive response to 
climate change and environmental demand,” Environmental Science & Policy, vol. 14, no. 8, pp. 1139-1150, 
2011/12/01/ 2011, doi: https://doi.org/10.1016/j.envsci.2011.07.007.

[29] J. E. Fernández et al., “A regulated deficit irrigation strategy for hedgerow olive orchards with high plant 
density,” Plant and Soil, Article vol. 372, no. 1-2, pp. 279-295, 2013, doi: 10.1007/s11104-013-1704-2.

[30] M. Gómez-del-Campo, “Summer deficit-irrigation strategies in a hedgerow olive orchard cv. ‘Arbequina’: 
Effect on fruit characteristics and yield,” Irrigation Science, Article vol. 31, no. 3, pp. 259-269, 2013, doi: 
10.1007/s00271-011-0299-8.

[31] M. Todorovic, A. Caliandro, and R. Albrizio, “Irrigated agriculture and water use efficiency in Italy,” Options 
Méditerranéennes, Serie B: Studies and Research, vol. 57, pp. 101-136, 2007.

[32] B. Kotoulas, “ A study of the effects of deficit irrigation on cotton (Gossypiun hirsutum L., cv. Celia),,” Doc-
torate Thesis, Agricultural University of Athens, 2010. 

[33] M. Ünlü, R. Kanber, D. L. Koç, S. Tekin, and B. Kapur, “Effects of deficit irrigation on the yield and yield com-
ponents of drip irrigated cotton in a mediterranean environment,” Agricultural Water Management, vol. 98, no. 
4, pp. 597-605, 2011/02/01/ 2011, doi: https://doi.org/10.1016/j.agwat.2010.10.020.

[34] M. Shatanawi, J. Al-Bakri, and A. Suleiman, “Lemon evapotranspiration and yield under water deficit in 
Jordan Valley,” in the Proceedings of the international conference water saving in Mediterranean agriculture and 
future research needs, OPTION Medirerranean, 2007, vol. 2, no. 56. 



58 | Report of the Task Force on Agriculture and the Food Chain

[35] M. Omirou, I. M. Ioannides, and C. Ehaliotis, “Mycorrhizal inoculation affects arbuscular mycorrhizal diversity 
in watermelon roots, but leads to improved colonization and plant response under water stress only,” Applied 
Soil Ecology, vol. 63, pp. 112-119, 2013/01/01/ 2013, doi: https://doi.org/10.1016/j.apsoil.2012.09.013.

[36] R. D. Jat et al., “Conservation agriculture and precision nutrient management practices in maize-wheat 
system: Effects on crop and water productivity and economic profitability,” Field Crops Research, vol. 222, pp. 
111-120, 2018/06/01/ 2018, doi: https://doi.org/10.1016/j.fcr.2018.03.025.

[37] N. Mbava, M. Mutema, R. Zengeni, H. Shimelis, and V. Chaplot, “Factors affecting crop water use efficiency: 
A worldwide meta-analysis,” Agricultural Water Management, vol. 228, p. 105878, 2020/02/20/ 2020, doi: 
https://doi.org/10.1016/j.agwat.2019.105878.

[38] N. Katerji and M. Mastrorilli, “The effect of soil texture on the water use efficiency of irrigated crops: Results 
of a multi-year experiment carried out in the Mediterranean region,” European Journal of Agronomy, vol. 30, 
no. 2, pp. 95-100, 2009/02/01/ 2009, doi: https://doi.org/10.1016/j.eja.2008.07.009.

[39] N. C. Turner, “Agronomic options for improving rainfall-use efficiency of crops in dryland farming systems,” 
Journal of Experimental Botany, Conference Paper vol. 55, no. 407, pp. 2413-2425, 2004, doi: 10.1093/jxb/erh154.

[40] N. Katerji, M. Mastrorilli, and G. Rana, “Water use efficiency of crops cultivated in the Mediterranean region: 
Review and analysis,” European Journal of Agronomy, vol. 28, no. 4, pp. 493-507, 2008/05/01/ 2008, doi: 
https://doi.org/10.1016/j.eja.2007.12.003.

[41] P. J. Gregory, L. P. Simmonds, and C. J. Pilbeam, “Soil Type, Climatic Regime, and the Response of Water Use 
Efficiency to Crop Management,” Agronomy Journal, https://doi.org/10.2134/agronj2000.925814x vol. 92, no. 
5, pp. 814-820, 2000/09/01 2000, doi: https://doi.org/10.2134/agronj2000.925814x.

[42] A. Castrignanò, N. Katerji, F. Karam, M. Mastrorilli, and A. Hamdy, “A modified version of CERES-Maize model 
for predicting crop response to salinity stress,” Ecological Modelling, Article vol. 111, no. 2-3, pp. 107-120, 1998, 
doi: 10.1016/S0304-3800(98)00084-2.

[43] A. Karamanos, Principles of Field Crop Production (in Greek). Athens, 2012.

[44] J. L. Hatfield and J. H. Prueger, “Temperature extremes: Effect on plant growth and development,” Weather 
and climate extremes, vol. 10, pp. 4-10, 2015.

[45] W. Finch-Savage and J. Elston, “The effect of temperature and water stress on the timing of leaf death in 
Vicia faba,” Annals of Applied Biology, vol. 100, no. 3, pp. 567-579, 1982.

[46] P. V. V. Prasad, K. J. Boote, and L. H. Allen, “Adverse high temperature effects on pollen viability, seed-set, 
seed yield and harvest index of grain-sorghum [Sorghum bicolor (L.) Moench] are more severe at elevated 
carbon dioxide due to higher tissue temperatures,” Agricultural and Forest Meteorology, vol. 139, no. 3, pp. 237-
251, 2006/10/12/ 2006, doi: https://doi.org/10.1016/j.agrformet.2006.07.003.

[47] S. Asseng, I. A. N. Foster, and N. C. Turner, “The impact of temperature variability on wheat yields,” Global 
Change Biology, https://doi.org/10.1111/j.1365-2486.2010.02262.x vol. 17, no. 2, pp. 997-1012, 2011/02/01 
2011, doi: https://doi.org/10.1111/j.1365-2486.2010.02262.x.

[48] A. J. Challinor, T. R. Wheeler, P. Q. Craufurd, and J. M. Slingo, “Simulation of the impact of high temperature 
stress on annual crop yields,” Agricultural and Forest Meteorology, vol. 135, no. 1, pp. 180-189, 2005/12/14/ 
2005, doi: https://doi.org/10.1016/j.agrformet.2005.11.015.

[49] C. Ugarte, D. F. Calderini, and G. A. Slafer, “Grain weight and grain number responsiveness to pre-anthesis 
temperature in wheat, barley and triticale,” Field Crops Research, vol. 100, no. 2, pp. 240-248, 2007/02/01/ 
2007, doi: https://doi.org/10.1016/j.fcr.2006.07.010.

[50] E. Luedeling, M. Zhang, and E. H. Girvetz, “Climatic changes lead to declining winter chill for fruit and nut 
trees in California during 1950–2099,” PloS one, vol. 4, no. 7, p. e6166, 2009.

[51] J. L. Hatfield et al., “Climate impacts on agriculture: implications for crop production,” Agronomy journal, vol. 
103, no. 2, pp. 351-370, 2011.

[52] D. B. Lobell, W. Schlenker, and J. Costa-Roberts, “Climate trends and global crop production since 1980,” 
Science, vol. 333, no. 6042, pp. 616-620, 2011.

[53] J. Al-Bakri, A. Suleiman, F. Abdulla, and J. Ayad, “Potential impact of climate change on rainfed agriculture 
of a semi-arid basin in Jordan,” Physics and Chemistry of the Earth, Parts A/B/C, vol. 36, no. 5, pp. 125-134, 
2011/01/01/ 2011, doi: https://doi.org/10.1016/j.pce.2010.06.001.



References | 59

[54] D. Haim, M. Shechter, and P. Berliner, “Assessing the impact of climate change on representative field 
crops in Israeli agriculture: a case study of wheat and cotton,” Climatic Change, vol. 86, no. 3, pp. 425-440, 
2008/02/01 2008, doi: 10.1007/s10584-007-9304-x.

[55] S. Asseng et al., “Uncertainty in simulating wheat yields under climate change,” Nature Climate Change, vol. 
3, no. 9, pp. 827-832, 2013/09/01 2013, doi: 10.1038/nclimate1916.

[56] D. Deryng, D. Conway, N. Ramankutty, J. Price, and R. Warren, “Global crop yield response to extreme 
heat stress under multiple climate change futures,” Environmental Research Letters, vol. 9, no. 3, p. 034011, 
2014/03/01 2014, doi: 10.1088/1748-9326/9/3/034011.

[57] P. F. D. Scheelbeek et al., “Effect of environmental changes on vegetable and legume yields and nutritional 
quality,” Proceedings of the National Academy of Sciences, vol. 115, no. 26, pp. 6804-6809, 2018, doi: 10.1073/
pnas.1800442115.

[58] B. A. Kimball, “Carbon dioxide and agricultural yield: An assemblage and analysis of 430 prior observa-
tions 1,” Agronomy journal, vol. 75, no. 5, pp. 779-788, 1983.

[59] D. W. Lawlor, “Response of Crops to Environmental Change Conditions,” Journal of Agricultural Meteorology, 
vol. 52, no. 5, pp. 769-778, 1997.

[60] J. Morison and D. Lawlor, “Interactions between increasing CO2 concentration and temperature on plant 
growth,” Plant, Cell & Environment, vol. 22, no. 6, pp. 659-682, 1999.

[61] L. H. Allen Jr, “Simplifying Crop Growth Response to Rising CO2 and Elevated Temperature,” Agricultural & 
Environmental Letters, vol. 4, no. 1, pp. 1-4, 2019.

[62] D. A. Fasoula, I. M. Ioannides, and M. Omirou, “Phenotyping and Plant Breeding: Overcoming the Barri-
ers,” (in English), Frontiers in Plant Science, Opinion vol. 10, no. 1713, 2020-January-09 2020, doi: 10.3389/
fpls.2019.01713.

[63] M. Omirou, I. M. Ioannides, and D. A. Fasoula, “Optimizing Resource Allocation in a Cowpea (Vigna unguicu-
lata L. Walp.) Landrace Through Whole-Plant Field Phenotyping and Non-stop Selection to Sustain Increased 
Genetic Gain Across a Decade,” Frontiers in Plant Science, vol. 10, Aug 7 2019, Art no. 949, doi: 10.3389/
fpls.2019.00949.

[64] L. Heeb, E. Jenner, and M. J. W. Cock, “Climate-smart pest management: building resilience of farms and 
landscapes to changing pest threats,” Journal of Pest Science, vol. 92, no. 3, pp. 951-969, 2019/06/01 2019, 
doi: 10.1007/s10340-019-01083-y.

[65] A. J. Tatem, “The worldwide airline network and the dispersal of exotic species: 2007–2010,” Ecography, 
vol. 32, no. 1, pp. 94-102, 2009.

[66] A. J. Tatem and S. I. Hay, “Climatic similarity and biological exchange in the worldwide airline transportation 
network,” Proceedings of the Royal Society B: Biological Sciences, vol. 274, no. 1617, pp. 1489-1496, 2007.

[67] N. Desneux et al., “Biological invasion of European tomato crops by Tuta absoluta: ecology, geographic expan-
sion and prospects for biological control,” Journal of pest science, vol. 83, no. 3, pp. 197-215, 2010.

[68] P. J. Gregory, S. N. Johnson, A. C. Newton, and J. S. I. Ingram, “Integrating pests and pathogens into the 
climate change/food security debate,” Journal of Experimental Botany, vol. 60, no. 10, pp. 2827-2838, 2009, 
doi: 10.1093/jxb/erp080.

[69] A. Caffarra, M. Rinaldi, E. Eccel, V. Rossi, and I. Pertot, “Modelling the impact of climate change on the inter-
action between grapevine and its pests and pathogens: European grapevine moth and powdery mildew,” 
Agriculture, Ecosystems & Environment, vol. 148, pp. 89-101, 2012/02/15/ 2012, doi: https://doi.org/10.1016/j.
agee.2011.11.017.

[70] D. P. Bebber, M. A. T. Ramotowski, and S. J. Gurr, “Crop pests and pathogens move polewards in a warming 
world,” Nature Climate Change, vol. 3, no. 11, pp. 985-988, 2013/11/01 2013, doi: 10.1038/nclimate1990.

[71] M. J. Furlong and M. P. Zalucki, “Climate change and biological control: the consequences of increasing tem-
peratures on host–parasitoid interactions,” Current Opinion in Insect Science, vol. 20, pp. 39-44, 2017/04/01/ 
2017, doi: https://doi.org/10.1016/j.cois.2017.03.006.

[72] A. Castrignano et al., “Spatio-temporal population dynamics and area-wide delineation of Bactrocera oleae 
monitoring zones using multi-variate geostatistics,” Precision Agriculture, vol. 13, no. 4, pp. 421-441, 2012.



60 | Report of the Task Force on Agriculture and the Food Chain

[73] L. Ponti et al., “Olive agroecosystems in the Mediterranean Basin: multitrophic analysis of climate effects 
with process-based representation of soil water balance,” Procedia Environmental Sciences, vol. 19, pp. 122-
131, 2013.

[74] L. Ponti, A. P. Gutierrez, P. M. Ruti, and A. Dell’Aquila, “Fine-scale ecological and economic assessment of 
climate change on olive in the Mediterranean Basin reveals winners and losers,” Proceedings of the National 
Academy of Sciences, vol. 111, no. 15, pp. 5598-5603, 2014.

[75] G. Faour, “Detection and mapping of long-term land degradation and desertification in Arab region using 
MODESERT,” Lebanese Science Journal, vol. 15, no. 2, pp. 119-131, 2014.

[76] S. Kolios, S. Mitrakos, and C. Stylios, “Detection of areas susceptible to land degradation in Cyprus using 
remote sensed data and environmental quality indices,” Land Degradation & Development, https://doi.
org/10.1002/ldr.3024 vol. 29, no. 8, pp. 2338-2350, 2018/08/01 2018, doi: https://doi.org/10.1002/ldr.3024.

[77] C. Kosmas, M. Kirkby, and N. Geeson, “Manual on key indicators of desertification and mapping environ-
mentally sensitive areas to desertification,” European Commission, Energy, Environment and Sustainable 
Development, EUR18882, 1999. 

[78] F. Abedi et al., “Salt dome related soil salinity in southern Iran: Prediction and mapping with averaging 
machine learning models,” Land Degradation & Development, vol. 32, no. 3, pp. 1540-1554, 2021.

[79] D. E. Tsesmelis et al., “Assessing structural uncertainty caused by different weighting methods on the Stand-
ardized Drought Vulnerability Index (SDVI),” Stochastic Environmental Research and Risk Assessment, vol. 33, 
no. 2, pp. 515-533, 2019/02/01 2019, doi: 10.1007/s00477-019-01648-4.

[80] H. K. Gibbs and J. M. Salmon, “Mapping the world’s degraded lands,” Applied Geography, vol. 57, pp. 12-21, 
2015/02/01/ 2015, doi: https://doi.org/10.1016/j.apgeog.2014.11.024.

[81] O. Kairis et al., “Evaluation and Selection of Indicators for Land Degradation and Desertification Monitoring: 
Types of Degradation, Causes, and Implications for Management,” Environmental Management, vol. 54, no. 5, 
pp. 971-982, 2014/11/01 2014, doi: 10.1007/s00267-013-0110-0.

[82] M. Nardo, M. Saisana, A. Saltelli, S. Tarantola, A. Hoffman, and E. Giovannini, “Handbook on Constructing 
Composite Indicators,” 2005, doi: doi:https://doi.org/10.1787/533411815016.

[83] OECD, “OECD: Key environmental indicators.,” Secretary‐General of the OECD, Paris, France, 2008. 

[84] N. S. Morales and G. A. Zuleta, “Comparison of different land degradation indicators: Do the world regions 
really matter?,” Land Degradation & Development, https://doi.org/10.1002/ldr.3488 vol. 31, no. 6, pp. 721-733, 
2020/04/15 2020, doi: https://doi.org/10.1002/ldr.3488.

[85] H. Fathizad et al., “Spatio-temporal dynamic of soil quality in the central Iranian desert modeled with machine 
learning and digital soil assessment techniques,” Ecological Indicators, vol. 118, p. 106736, 2020/11/01/ 2020, 
doi: https://doi.org/10.1016/j.ecolind.2020.106736.

[86] M. Jahany and S. Rezapour, “Assessment of the quality indices of soils irrigated with treated wastewater 
in a calcareous semi-arid environment,” Ecological Indicators, vol. 109, p. 105800, 2020/02/01/ 2020, doi: 
https://doi.org/10.1016/j.ecolind.2019.105800.

[87] K. Nabiollahi, F. Golmohamadi, R. Taghizadeh-Mehrjardi, R. Kerry, and M. Davari, “Assessing the effects of 
slope gradient and land use change on soil quality degradation through digital mapping of soil quality indices 
and soil loss rate,” Geoderma, vol. 318, pp. 16-28, 2018.

[88] S. H. Nehrani, M. S. Askari, S. Saadat, M. A. Delavar, M. Taheri, and N. M. Holden, “Quantification of soil 
quality under semi-arid agriculture in the northwest of Iran,” Ecological indicators, vol. 108, p. 105770, 2020.

[89] A. L. Cowie et al., “Land in balance: The scientific conceptual framework for Land Degradation Neutral-
ity,” Environmental Science & Policy, vol. 79, pp. 25-35, 2018/01/01/ 2018, doi: https://doi.org/10.1016/j.
envsci.2017.10.011.

[90] H. J. Geist and E. F. Lambin, “Dynamic causal patterns of desertification,” Bioscience, vol. 54, no. 9, pp. 817-
829, 2004.

[91] I. Esfandiarpour-Borujeni, Z. Mosleh, and F. Javaheri, “Iranian Soil Science Congress: History (1972–2017) 
and selected highlights,” Geoderma, vol. 332, pp. 29-36, 2018.



References | 61

[92] S. A. Shahid, M. Zaman, and L. Heng, “Soil Salinity: Historical Perspectives and a World Overview of the 
Problem,” in Guideline for Salinity Assessment, Mitigation and Adaptation Using Nuclear and Related Techniques, M. 
Zaman, S. A. Shahid, and L. Heng Eds. Cham: Springer International Publishing, 2018, pp. 43-53.

[93] E. Pazira, “Land reclamation research on soil physico-chemical improvement by salt leaching in southwest 
part of Iran,” IERI, Karaj, 1999.

[94] R. P. C. Morgan, Soil erosion and conservation. John Wiley & Sons, 2009.

[95] M. G. Grillakis, C. Polykretis, and D. D. Alexakis, “Past and projected climate change impacts on rainfall ero-
sivity: Advancing our knowledge for the eastern Mediterranean island of Crete,” CATENA, vol. 193, p. 104625, 
2020/10/01/ 2020, doi: https://doi.org/10.1016/j.catena.2020.104625.

[96] Y. Wei et al., “Impact of erosion-induced land degradation on rainfall infiltration in different types of soils 
under field simulation,” Land Degradation & Development, https://doi.org/10.1002/ldr.3382 vol. 30, no. 14, pp. 
1751-1764, 2019/08/30 2019, doi: https://doi.org/10.1002/ldr.3382.

[97] X. Wu et al., “Effects of soil physicochemical properties on aggregate stability along a weathering gradient,” 
Catena, vol. 156, pp. 205-215, 2017.

[98] X. Nie et al., “Thermal stability of organic carbon in soil aggregates as affected by soil erosion and deposi-
tion,” Soil and Tillage Research, vol. 175, pp. 82-90, 2018.

[99] J. A. Martinez-Casasnovas and M. C. Ramos, “Soil alteration due to erosion, ploughing and levelling of vine-
yards in north east Spain,” (in English), Soil Use and Management, Article vol. 25, no. 2, pp. 183-192, Jun 2009, 
doi: 10.1111/j.1475-2743.2009.00215.x.

[100] P. Dlamini, P. Chivenge, A. Manson, and V. Chaplot, “Land degradation impact on soil organic carbon and 
nitrogen stocks of sub-tropical humid grasslands in South Africa,” Geoderma, vol. 235, pp. 372-381, 2014.

[101] C. N. Mchunu, S. Lorentz, G. Jewitt, A. Manson, and V. Chaplot, “No‐till impact on soil and soil organic 
carbon erosion under crop residue scarcity in Africa,” Soil Science Society of America Journal, vol. 75, no. 4, 
pp. 1503-1512, 2011.

[102] M. Świtoniak, “Use of soil profile truncation to estimate influence of accelerated erosion on soil cover 
transformation in young morainic landscapes, North-Eastern Poland,” Catena, vol. 116, pp. 173-184, 2014.

[103] P. Borrelli et al., “An assessment of the global impact of 21st century land use change on soil erosion,” Nature 
Communications, vol. 8, no. 1, p. 2013, 2017/12/08 2017, doi: 10.1038/s41467-017-02142-7.

[104] D. Pimentel and M. Burgess, “Soil Erosion Threatens Food Production,” Agriculture, vol. 3, no. 3, 2013, doi: 
10.3390/agriculture3030443.

[105] A. Rashki, P. G. Eriksson, C. J. d. W. Rautenbach, D. G. Kaskaoutis, W. Grote, and J. Dykstra, “Assessment of 
chemical and mineralogical characteristics of airborne dust in the Sistan region, Iran,” Chemosphere, vol. 90, 
no. 2, pp. 227-236, 2013/01/01/ 2013, doi: https://doi.org/10.1016/j.chemosphere.2012.06.059.

[106] H. K. H. Furman, “Dust Storms in the Middle East: Sources of Origin and Their Temporal Characteristics,” 
Indoor and Built Environment, vol. 12, no. 6, pp. 419-426, 2003/12/01 2003, doi: 10.1177/1420326X03037110.

[107] F. De Longueville, Y.-C. Hountondji, S. Henry, and P. Ozer, “What do we know about effects of desert dust 
on air quality and human health in West Africa compared to other regions?,” Science of The Total Environment, 
vol. 409, no. 1, pp. 1-8, 2010/12/01/ 2010, doi: https://doi.org/10.1016/j.scitotenv.2010.09.025.

[108] A. Novara, G. Stallone, A. Cerdà, and L. Gristina, “The Effect of Shallow Tillage on Soil Erosion in a Semi-
Arid Vineyard,” Agronomy, vol. 9, no. 5, 2019, doi: 10.3390/agronomy9050257.

[109] C. Tan, X. Cao, S. Yuan, W. Wang, Y. Feng, and B. Qiao, “Effects of Long-term Conservation Tillage on Soil 
Nutrients in Sloping Fields in Regions Characterized by Water and Wind Erosion,” Scientific Reports, vol. 5, no. 
1, p. 17592, 2015/12/01 2015, doi: 10.1038/srep17592.

[110] F. Moreno, F. Pelegrin, J. Fernández, and J. Murillo, “Soil physical properties, water depletion and crop 
development under traditional and conservation tillage in southern Spain,” Soil and Tillage Research, vol. 41, 
no. 1-2, pp. 25-42, 1997.

[111] R. Barber, M. Orellana, F. Navarro, O. Diaz, and M. Soruco, “Effects of conservation and conventional tillage 
systems after land clearing on soil properties and crop yield in Santa Cruz, Bolivia,” Soil and Tillage Research, 
vol. 38, no. 1-2, pp. 133-152, 1996.



62 | Report of the Task Force on Agriculture and the Food Chain

[112] S. Maleki, F. Khormali, M. B. Bodaghabadi, J. Mohammadi, D. Hoffmeister, and M. Kehl, “Role of geomorphic 
surface on the above-ground biomass and soil organic carbon storage in a semi-arid region of Iranian loess 
plateau,” Quaternary International, vol. 552, pp. 111-121, 2020.

[113] I. C. Prentice et al., “The carbon cycle and atmospheric carbon dioxide,” Cambridge University Press, 2001.

[114] A. García-Díaz, R. B. Allas, L. Gristina, A. Cerdà, P. Pereira, and A. Novara, “Carbon input threshold for soil 
carbon budget optimization in eroding vineyards,” Geoderma, vol. 271, pp. 144-149, 2016.

[115] E. A. Davidson and I. A. Janssens, “Temperature sensitivity of soil carbon decomposition and feedbacks to 
climate change,” Nature, vol. 440, no. 7081, pp. 165-173, 2006.

[116] P. Sarah, “Soil organic matter and land degradation in semi-arid area, Israel,” CATENA, vol. 67, no. 1, pp. 
50-55, 2006/08/15/ 2006, doi: https://doi.org/10.1016/j.catena.2006.02.007.

[117] J. Álvaro-Fuentes, M. Easter, and K. Paustian, “Climate change effects on organic carbon storage in agricul-
tural soils of northeastern Spain,” Agriculture, Ecosystems & Environment, vol. 155, pp. 87-94, 2012.

[118] J. Álvaro-Fuentes, M. López, C. Cantero-Martínez, and J. L. Arrúe, “Tillage effects on soil organic carbon 
fractions in Mediterranean dryland agroecosystems,” Soil Science Society of America Journal, vol. 72, no. 2, 
pp. 541-547, 2008.

[119] R. Francaviglia et al., “Changes in soil organic carbon and climate change–Application of the RothC model in 
agro-silvo-pastoral Mediterranean systems,” Agricultural Systems, vol. 112, pp. 48-54, 2012.

[120] M. Muñoz-Rojas, A. Jordán, L. Zavala, D. De la Rosa, S. Abd‐Elmabod, and M. Anaya‐Romero, “Impact of 
land use and land cover changes on organic carbon stocks in Mediterranean soils (1956–2007),” Land Deg-
radation & Development, vol. 26, no. 2, pp. 168-179, 2015.

[121] M. Muñoz-Rojas, S. K. Abd-Elmabod, L. M. Zavala, D. De la Rosa, and A. Jordán, “Climate change impacts 
on soil organic carbon stocks of Mediterranean agricultural areas: A case study in Northern Egypt,” Agri-
culture, Ecosystems & Environment, vol. 238, pp. 142-152, 2017/02/01/ 2017, doi: https://doi.org/10.1016/j.
agee.2016.09.001.

[122] H. Rezaei et al., “The state of soil organic carbon in agricultural lands of Iran with different agroecological 
conditions,” International Journal of Environmental Analytical Chemistry, pp. 1-17, 2020.

[123] M. Arshad et al., “Effects of land use and cultivation histories on the distribution of soil organic carbon 
stocks in the area of the Northern Nile Delta in Egypt,” Carbon Management, vol. 11, no. 4, pp. 341-354, 2020.

[124] E. M. Eid, F. S. Moghanm, and K. H. Shaltout, “Effect of the different types of land-use on the distribution of 
soil organic carbon in north Nile Delta, Egypt,” Rendiconti Lincei, vol. 28, no. 3, pp. 481-495, 2017.

[125] E. S. Mohamed, M. Abu-hashim, M. A. AbdelRahman, B. Schütt, and R. Lasaponara, “Evaluating the effects 
of human activity over the last decades on the soil organic carbon pool using satellite imagery and GIS tech-
niques in the Nile Delta Area, Egypt,” Sustainability, vol. 11, no. 9, p. 2644, 2019.

[126] B. Azad, S. Afzali, and R. Francaviglia, “Simulating soil CO2 emissions under present and climate change 
conditions in selected vegetation covers of a semiarid region,” International Journal of Environmental Science 
and Technology, vol. 17, no. 5, pp. 3087-3098, 2020.

[127] E. Alidoust, M. Afyuni, M. A. Hajabbasi, and M. R. Mosaddeghi, “Soil carbon sequestration potential as 
affected by soil physical and climatic factors under different land uses in a semiarid region,” Catena, vol. 171, 
pp. 62-71, 2018.

[128] K.-H. Pho, M. Sarshad, P. Alizadeh, and M. R. Mahmoudi, “Soil carbon pool changes following semi-arid 
lands planting programs,” Catena, vol. 191, p. 104563, 2020.

[129] K. Ivushkin, H. Bartholomeus, A. K. Bregt, A. Pulatov, B. Kempen, and L. de Sousa, “Global mapping of 
soil salinity change,” Remote Sensing of Environment, vol. 231, p. 111260, 2019/09/15/ 2019, doi: https://doi.
org/10.1016/j.rse.2019.111260.

[130] H. Hussein, “Development of environmental GIS database and its application to desertification study in 
Middle East,” 千葉大学, 2001. 

[131] S. A. Shahid, M. A. Abdelfattah, S. A. Omar, H. Harahsheh, Y. Othman, and H. Mahmoudi, “Mapping and 
Monitoring of Soil Salinization Remote Sensing, GIS, Modeling, Electromagnetic Induction and Conventional 
Methods–Case Studies,” in Proceedings of the International Conference on Soils and Groundwater Salinization in 
Arid Countries, 2010, vol. 59, p. 97. 



References | 63

[132] S. Shahid, H. Abo-Rezq, and S. Omar, “Mapping soil salinity through a reconnaissance soil survey of Kuwait 
and geographic information system,” Annual research report, Kuwait Institute for Scientific Research, Kuwait, 
KISR, vol. 6682, pp. 56-59, 2002.

[133] M. A. Abdelfattah and S. A. Shahid, “Spatial distribution of soil salinity and management aspects in the 
Northern United Arab Emirates,” in Sabkha Ecosystems: Springer, 2014, pp. 1-22.

[134] C. Bell, N. McIntyre, S. Cox, D. Tissue, and J. Zak, “Soil Microbial Responses to Temporal Variations of 
Moisture and Temperature in a Chihuahuan Desert Grassland,” Microbial Ecology, vol. 56, no. 1, pp. 153-167, 
2008/07/01 2008, doi: 10.1007/s00248-007-9333-z.

[135] F. T. Maestre et al., “Increasing aridity reduces soil microbial diversity and abundance in global dry-
lands,” Proceedings of the National Academy of Sciences, vol. 112, no. 51, pp. 15684-15689, 2015, doi: 10.1073/
pnas.1516684112.

[136] S. D. Siciliano et al., “Soil fertility is associated with fungal and bacterial richness, whereas pH is associated 
with community composition in polar soil microbial communities,” Soil Biology and Biochemistry, vol. 78, pp. 
10-20, 2014.

[137] M. Delgado-Baquerizo et al., “Carbon content and climate variability drive global soil bacterial diversity 
patterns,” Ecological Monographs, https://doi.org/10.1002/ecm.1216 vol. 86, no. 3, pp. 373-390, 2016/08/01 
2016, doi: https://doi.org/10.1002/ecm.1216.

[138] M. P. Waldrop et al., “The interacting roles of climate, soils, and plant production on soil microbial communi-
ties at a continental scale,” Ecology, https://doi.org/10.1002/ecy.1883 vol. 98, no. 7, pp. 1957-1967, 2017/07/01 
2017, doi: https://doi.org/10.1002/ecy.1883.

[139] J. W. Neilson et al., “Significant Impacts of Increasing Aridity on the Arid Soil Microbiome,” mSystems, vol. 
2, no. 3, pp. e00195-16, 2017, doi: 10.1128/mSystems.00195-16.

[140] S. Bickel, X. Chen, A. Papritz, and D. Or, “A hierarchy of environmental covariates control the global bioge-
ography of soil bacterial richness,” Scientific Reports, vol. 9, no. 1, p. 12129, 2019/08/20 2019, doi: 10.1038/
s41598-019-48571-w.

[141] Y. Guan, N. Jiang, Y. Wu, Z. Yang, A. Bello, and W. Yang, “Disentangling the role of salinity-sodicity in 
shaping soil microbiome along a natural saline-sodic gradient,” Science of The Total Environment, p. 142738, 
2020/10/08/ 2020, doi: https://doi.org/10.1016/j.scitotenv.2020.142738.

[142] F. U. Battistuzzi and S. B. Hedges, “A Major Clade of Prokaryotes with Ancient Adaptations to Life on Land,” 
Molecular Biology and Evolution, vol. 26, no. 2, pp. 335-343, 2008, doi: 10.1093/molbev/msn247.

[143] R. L. Barnard, C. A. Osborne, and M. K. Firestone, “Responses of soil bacterial and fungal communities to 
extreme desiccation and rewetting,” The ISME journal, vol. 7, no. 11, pp. 2229-2241, 2013.

[144] S. Kéfi et al., “Spatial vegetation patterns and imminent desertification in Mediterranean arid ecosystems,” 
Nature, vol. 449, no. 7159, pp. 213-217, 2007.

[145] S. Soliveres and F. T. Maestre, “Plant–plant interactions, environmental gradients and plant diversity: a 
global synthesis of community-level studies,” Perspectives in Plant Ecology, Evolution and Systematics, vol. 16, 
no. 4, pp. 154-163, 2014.

[146] M. Delgado-Baquerizo et al., “Decoupling of soil nutrient cycles as a function of aridity in global drylands,” 
Nature, vol. 502, no. 7473, pp. 672-676, 2013.

[147] D. L. Jones, A. Hodge, and Y. Kuzyakov, “Plant and mycorrhizal regulation of rhizodeposition,” New phytol-
ogist, vol. 163, no. 3, pp. 459-480, 2004.

[148] E. Pendall, A. R. Mosier, and J. A. Morgan, “Rhizodeposition stimulated by elevated CO2 in a semiarid 
grassland,” New Phytologist, https://doi.org/10.1111/j.1469-8137.2004.01054.x vol. 162, no. 2, pp. 447-458, 
2004/05/01 2004, doi: https://doi.org/10.1111/j.1469-8137.2004.01054.x.

[149] J. A. Morgan et al., “C 4 grasses prosper as carbon dioxide eliminates desiccation in warmed semi-arid 
grassland,” Nature, vol. 476, no. 7359, pp. 202-205, 2011.

[150] Y. Carrillo, F. A. Dijkstra, E. Pendall, J. A. Morgan, and D. M. Blumenthal, “Controls over soil nitrogen pools 
in a semiarid grassland under elevated CO 2 and warming,” Ecosystems, vol. 15, no. 5, pp. 761-774, 2012.

[151] Z. He et al., “Metagenomic analysis reveals a marked divergence in the structure of belowground microbial 
communities at elevated CO2,” Ecology Letters, vol. 13, no. 5, pp. 564-575, 2010.



64 | Report of the Task Force on Agriculture and the Food Chain

[152] C. F. Weber et al., “Responses of soil cellulolytic fungal communities to elevated atmospheric CO2 are com-
plex and variable across five ecosystems,” Environmental Microbiology, vol. 13, no. 10, pp. 2778-2793, 2011.

[153] D. A. Lipson, C. R. Kuske, L. V. Gallegos-Graves, and W. C. Oechel, “Elevated atmospheric CO2 stimulates 
soil fungal diversity through increased fine root production in a semiarid shrubland ecosystem,” Global Change 
Biology, https://doi.org/10.1111/gcb.12609 vol. 20, no. 8, pp. 2555-2565, 2014/08/01 2014, doi: https://doi.
org/10.1111/gcb.12609.

[154] M. Nie et al., “Positive climate feedbacks of soil microbial communities in a semi-arid grassland,” Ecol-
ogy Letters, https://doi.org/10.1111/ele.12034 vol. 16, no. 2, pp. 234-241, 2013/02/01 2013, doi: https://doi.
org/10.1111/ele.12034.

[155] D. L. Phillips, M. G. Johnson, D. T. Tingey, C. E. Catricala, T. L. Hoyman, and R. S. Nowak, “Effects of ele-
vated CO2 on fine root dynamics in a Mojave Desert community: a FACE study,” Global change biology, vol. 
12, no. 1, pp. 61-73, 2006.

[156] L. M. Nguyen, M. P. Buttner, P. Cruz, S. D. Smith, and E. A. Robleto, “Effects of Elevated Atmospheric CO(2) 
on Rhizosphere Soil Microbial Communities in a Mojave Desert Ecosystem,” (in eng), J Arid Environ, vol. 75, 
no. 10, pp. 917-925, 2011, doi: 10.1016/j.jaridenv.2011.04.028.

[157] C. Jansson, J. Vogel, S. Hazen, T. Brutnell, and T. Mockler, “Climate-smart crops with enhanced photosyn-
thesis,” Journal of Experimental Botany, vol. 69, no. 16, pp. 3801-3809, 2018.

[158] H. L. Hayden et al., “Changes in the microbial community structure of bacteria, archaea and fungi in response 
to elevated CO2 and warming in an Australian native grassland soil,” Environmental Microbiology, https://
doi.org/10.1111/j.1462-2920.2012.02855.x vol. 14, no. 12, pp. 3081-3096, 2012/12/01 2012, doi: https://doi.
org/10.1111/j.1462-2920.2012.02855.x.

[159] J. K. Jansson and K. S. Hofmockel, “Soil microbiomes and climate change,” Nature Reviews Microbiology, vol. 
18, no. 1, pp. 35-46, 2020/01/01 2020, doi: 10.1038/s41579-019-0265-7.

[160] J. N. Klironomos et al., “Abrupt rise in atmospheric CO2 overestimates community response in a model 
plant–soil system,” Nature, vol. 433, no. 7026, pp. 621-624, 2005/02/01 2005, doi: 10.1038/nature03268.

[161] R. D. Bardgett and W. H. Van Der Putten, “Belowground biodiversity and ecosystem functioning,” Nature, vol. 
515, no. 7528, pp. 505-511, 2014.

[162] M. Delgado-Baquerizo et al., “Microbial diversity drives multifunctionality in terrestrial ecosystems,” Nature 
Communications, vol. 7, no. 1, p. 10541, 2016/01/28 2016, doi: 10.1038/ncomms10541.

[163] C. Wagg, K. Schlaeppi, S. Banerjee, E. E. Kuramae, and M. G. A. van der Heijden, “Fungal-bacterial diversity 
and microbiome complexity predict ecosystem functioning,” Nature Communications, vol. 10, no. 1, p. 4841, 
2019/10/24 2019, doi: 10.1038/s41467-019-12798-y.

[164] Y.-R. Liu, M. Delgado-Baquerizo, P. Trivedi, J.-Z. He, and B. K. Singh, “Species identity of biocrust-forming 
lichens drives the response of soil nitrogen cycle to altered precipitation frequency and nitrogen amend-
ment,” Soil Biology and Biochemistry, vol. 96, pp. 128-136, 2016.

[165] A. Kavadia, M. Omirou, D. Fasoula, and I. M. Ioannides, “The Importance of Microbial Inoculants in a Cli-
mate-Changing Agriculture in Eastern Mediterranean Region,” Atmosphere, vol. 11, no. 10, p. 1136, 2020. 
[Online]. Available: https://www.mdpi.com/2073-4433/11/10/1136.

[166] M. G. Van Der Heijden et al., “Symbiotic bacteria as a determinant of plant community structure and plant 
productivity in dune grassland,” FEMS microbiology ecology, vol. 56, no. 2, pp. 178-187, 2006.

[167] M. G. Van Der Heijden et al., “Mycorrhizal fungal diversity determines plant biodiversity, ecosystem variability 
and productivity,” Nature, vol. 396, no. 6706, pp. 69-72, 1998.

[168] E. Wubs, W. van der Putten, M. Bosch, and T. Bezemer, “Soil inoculation steers restoration of terrestrial 
ecosystems. Nat Plants 2: 16107,” ed, 2016.

[169] V. B. Chaudhary, K. Akland, N. C. Johnson, and M. A. Bowker, “Do soil inoculants accelerate dryland resto-
ration? A simultaneous assessment of biocrusts and mycorrhizal fungi,” Restoration Ecology, vol. 28, no. S2, 
pp. S115-S126, 2020, doi: https://doi.org/10.1111/rec.13088.

[170] K. Zhao et al., “Desert and steppe soils exhibit lower autotrophic microbial abundance but higher atmos-
pheric CO2 fixation capacity than meadow soils,” Soil Biology and Biochemistry, vol. 127, pp. 230-238, 2018.



References | 65

[171] X. Wu et al., “Cropping systems modulate the rate and magnitude of soil microbial autotrophic CO2 fixation in 
soil,” (in English), Frontiers in Microbiology, Original Research vol. 6, no. 379, 2015-May-08 2015, doi: 10.3389/
fmicb.2015.00379.

[172] H. Yuan et al., “Long-term field fertilization alters the diversity of autotrophic bacteria based on the ribu-
lose-1, 5-biphosphate carboxylase/oxygenase (RubisCO) large-subunit genes in paddy soil,” Applied microbi-
ology and biotechnology, vol. 95, no. 4, pp. 1061-1071, 2012.

[173] H. Chen et al., “Soil microbial CO2 fixation plays a significant role in terrestrial carbon sink in a dryland 
ecosystem: A four-year small-scale field-plot observation on the Tibetan Plateau,” Science of The Total Envi-
ronment, p. 143282, 2020/10/29/ 2020, doi: https://doi.org/10.1016/j.scitotenv.2020.143282.

[174] H.-W. Hu, P. Trivedi, J.-Z. He, and B. K. Singh, “Microbial nitrous oxide emissions in dryland ecosystems: 
mechanisms, microbiome and mitigation,” Environmental Microbiology, vol. 19, no. 12, pp. 4808-4828, 2017, 
doi: https://doi.org/10.1111/1462-2920.13795.

[175] M. L. Cayuela et al., “Direct nitrous oxide emissions in Mediterranean climate cropping systems: Emission 
factors based on a meta-analysis of available measurement data,” Agriculture, Ecosystems & Environment, vol. 
238, pp. 25-35, 2017/02/01/ 2017, doi: https://doi.org/10.1016/j.agee.2016.10.006.

[176] L. Barton, D. V. Murphy, and K. Butterbach-Bahl, “Influence of crop rotation and liming on greenhouse gas 
emissions from a semi-arid soil,” Agriculture, Ecosystems & Environment, vol. 167, pp. 23-32, 2013/03/01/ 
2013, doi: https://doi.org/10.1016/j.agee.2013.01.003.

[177] L. Barton, F. C. Hoyle, K. T. Stefanova, and D. V. Murphy, “Incorporating organic matter alters soil green-
house gas emissions and increases grain yield in a semi-arid climate,” Agriculture, Ecosystems & Environment, 
vol. 231, pp. 320-330, 2016/09/01/ 2016, doi: https://doi.org/10.1016/j.agee.2016.07.004.

[178] M. Omirou, I. Anastopoulos, D. A. Fasoula, and I. M. Ioannides, “The effect of chemical and organic N inputs 
on N2O emission from rain-fed crops in Eastern Mediterranean,” Journal of Environmental Management, vol. 
270, p. 110755, 2020/09/15/ 2020, doi: https://doi.org/10.1016/j.jenvman.2020.110755.

[179] A. M. D. Ortiz, C. L. Outhwaite, C. Dalin, and T. Newbold, “A review of the interactions between biodiversity, 
agriculture, climate change, and international trade: research and policy priorities,” One Earth, vol. 4, no. 1, 
pp. 88-101, 2021.

[180] L. H. Antão et al., “Temperature-related biodiversity change across temperate marine and terrestrial sys-
tems,” Nature ecology & evolution, vol. 4, no. 7, pp. 927-933, 2020.

[181] A. Grinsted and J. H. Christensen, “The transient sensitivity of sea level rise,” Ocean Science, vol. 17, no. 1, 
pp. 181-186, 2021.

[182] P. G. Albano et al., “Native biodiversity collapse in the eastern Mediterranean,” Proceedings of the Royal Soci-
ety B, vol. 288, no. 1942, p. 20202469, 2021.

[183] J. T. Houghton et al., Climate change 2001: the scientific basis. The Press Syndicate of the University of Cam-
bridge, 2001.

[184] C. D. Harvell et al., “Climate warming and disease risks for terrestrial and marine biota,” Science, vol. 296, 
no. 5576, pp. 2158-2162, 2002.

[185] R. R. Colwell, “Global climate and infectious disease: the cholera paradigm,” Science, vol. 274, no. 5295, pp. 
2025-2031, 1996.

[186] G. Lembo and E. Mente, Organic Aquaculture. Springer, 2019.

[187] K. D. Lafferty et al., “Infectious diseases affect marine fisheries and aquaculture economics,” 2015.

[188] A. K. Farmery et al., “Blind spots in visions of a “blue economy” could undermine the ocean’s contribution 
to eliminating hunger and malnutrition,” One Earth, vol. 4, no. 1, pp. 28-38, 2021.

[189] L. Lebel et al., “Innovation, Practice, and Adaptation to Climate in the Aquaculture Sector,” Reviews in Fish-
eries Science & Aquaculture, pp. 1-29, 2020.

[190] E. Commission, “Facts and figures on the Common Fisheries Policy–basic statistical data,” ed: Publications 
Office of the European Union Edition Luxembourg, 2020.

[191] G. R. Biesbroek et al., “Europe adapts to climate change: comparing national adaptation strategies,” Global 
environmental change, vol. 20, no. 3, pp. 440-450, 2010.



66 | Report of the Task Force on Agriculture and the Food Chain

[192] E. Hofmann, S. Ford, E. Powell, and J. Klinck, “Modeling studies of the effect of climate variability on MSX 
disease in eastern oyster (Crassostrea virginica) populations,” in The Ecology and Etiology of Newly Emerging 
Marine Diseases: Springer, 2001, pp. 195-212.

[193] M.-A. Blanchet, R. Primicerio, A. Smalås, J. Arias-Hansen, and M. Aschan, “How vulnerable is the European 
seafood production to climate warming?,” Fisheries Research, vol. 209, pp. 251-258, 2019.

[194] M. Papageorgiou et al., “Implementation challenges of maritime spatial planning (MSP) in Greece under a 
place-based approach,” Euro-Mediterranean Journal for Environmental Integration, vol. 5, no. 2, pp. 1-11, 2020.

[195] C. Papaconstantinou and H. Farrugio, “Fisheries in the Mediterranean,” Mediterranean Marine Science, vol. 
1, no. 1, pp. 5-18, 2000.

[196] D. Dimarchopoulou, I. Keramidas, G. Sylaios, and A. C. Tsikliras, “Ecotrophic Effects of Fishing across the 
Mediterranean Sea,” Water, vol. 13, no. 4, p. 482, 2021.

[197] C. Piroddi, F. Colloca, and A. C. Tsikliras, “The living marine resources in the Mediterranean Sea large 
marine ecosystem,” Environmental Development, p. 100555, 2020.

[198] FAO, “Fishery and Aquaculture Statistics. Global production by production source 1950-2018 (FishstatJ). 
In: FAO Fisheries and Aquaculture Department [online]. Rome. Updated 2020. www.fao.org/fishery/statis-
tics/software/fishstatj/en,” ed: FAO, Rome, Italy, 2020.

[199] A. C. Tsikliras, A. Dinouli, V.-Z. Tsiros, and E. Tsalkou, “The Mediterranean and Black Sea fisheries at risk 
from overexploitation,” PloS one, vol. 10, no. 3, p. e0121188, 2015.

[200] A. Abella, M. Ria, and C. Mancusi, “Assessment of the status of the coastal groundfish assemblage exploited 
by the Viareggio fleet (Southern Ligurian Sea),” Scientia Marina, vol. 74, no. 4, pp. 793-805, 2010.

[201] N. Demirel, M. Zengin, and A. Ulman, “First large-scale Eastern Mediterranean and Black Sea stock assess-
ment reveals a dramatic decline,” Frontiers in Marine Science, vol. 7, p. 103, 2020.

[202] P. Vasilakopoulos, C. D. Maravelias, and G. Tserpes, “The alarming decline of Mediterranean fish stocks,” 
Current Biology, vol. 24, no. 14, pp. 1643-1648, 2014.

[203] K. I. Stergiou et al., “Trends in productivity and biomass yields in the Mediterranean Sea large marine eco-
system during climate change,” Environmental Development, vol. 17, pp. 57-74, 2016.

[204] D. Pauly and D. Zeller, “Catch reconstructions reveal that global marine fisheries catches are higher than 
reported and declining,” Nature communications, vol. 7, no. 1, pp. 1-9, 2016.

[205] R. Froese et al., “Status and rebuilding of European fisheries,” Marine Policy, vol. 93, pp. 159-170, 2018.

[206] J. J. Stachowicz, J. R. Terwin, R. B. Whitlatch, and R. W. Osman, “Linking climate change and biological 
invasions: ocean warming facilitates nonindigenous species invasions,” Proceedings of the National Academy 
of Sciences, vol. 99, no. 24, pp. 15497-15500, 2002.

[207] G. Rilov and B. Galil, “Marine bioinvasions in the Mediterranean Sea–history, distribution and ecology,” in 
Biological invasions in marine ecosystems: Springer, 2009, pp. 549-575.

[208] M. Coll et al., “The Biodiversity of the Mediterranean Sea: Estimates, Patterns, and Threats,” PLOS ONE, vol. 
5, no. 8, p. e11842, 2010, doi: 10.1371/journal.pone.0011842.

[209] F. D. Por and F. Por, “The migrant biota,” Lessepsian Migration: The Influx of Red Sea Biota into the Mediterra-
nean by Way of the Suez Canal, pp. 87-170, 1978.

[210] S. Katsanevakis et al., “Invading the Mediterranean Sea: biodiversity patterns shaped by human activities,” 
Frontiers in Marine Science, vol. 1, p. 32, 2014.

[211] N. Marbà and C. M. Duarte, “Mediterranean warming triggers seagrass (Posidonia oceanica) shoot mortal-
ity,” Global change biology, vol. 16, no. 8, pp. 2366-2375, 2010.

[212] A. Conversi, S. Fonda Umani, T. Peluso, J. C. Molinero, A. Santojanni, and M. Edwards, “The Mediterranean 
Sea regime shift at the end of the 1980s, and intriguing parallelisms with other European basins,” Plos one, 
vol. 5, no. 5, p. e10633, 2010.

[213] C. Bianchi, M. Corsini-Foka, C. Morri, and A. Zenetos, “Thirty years after-dramatic change in the coastal 
marine habitats of Kos Island (Greece), 1981-2013,” Mediterranean marine science, vol. 15, no. 3, pp. 482-497, 
2014.

[214] R. Danovaro, Methods for the study of deep-sea sediments, their functioning and biodiversity. CRC press, 2009.



References | 67

[215] J.-P. Gattuso et al., “Contrasting futures for ocean and society from different anthropogenic CO2 emissions 
scenarios,” Science, vol. 349, no. 6243, p. aac4722, 2015.

[216] U. R. Sumaila, W. W. Cheung, V. W. Lam, D. Pauly, and S. Herrick, “Climate change impacts on the biophysics 
and economics of world fisheries,” Nature climate change, vol. 1, no. 9, pp. 449-456, 2011.

[217] W. W. Cheung et al., “Large-scale redistribution of maximum fisheries catch potential in the global ocean 
under climate change,” Global Change Biology, vol. 16, no. 1, pp. 24-35, 2010.

[218] W. W. Cheung, R. Watson, and D. Pauly, “Signature of ocean warming in global fisheries catch,” Nature, vol. 
497, no. 7449, pp. 365-368, 2013.

[219] A. C. Tsikliras and K. I. Stergiou, “Mean temperature of the catch increases quickly in the Mediterranean 
Sea,” Marine Ecology Progress Series, vol. 515, pp. 281-284, 2014.

[220] W. W. Cheung, D. Pauly, and J. L. Sarmiento, “How to make progress in projecting climate change impacts,” 
ICES Journal of Marine Science, vol. 70, no. 6, pp. 1069-1074, 2013.

[221] A. L. Perry, P. J. Low, J. R. Ellis, and J. D. Reynolds, “Climate change and distribution shifts in marine 
fishes,” science, vol. 308, no. 5730, pp. 1912-1915, 2005.

[222] W. W. Cheung, V. W. Lam, J. L. Sarmiento, K. Kearney, R. Watson, and D. Pauly, “Projecting global marine 
biodiversity impacts under climate change scenarios,” Fish and fisheries, vol. 10, no. 3, pp. 235-251, 2009.

[223] J. Alheit, J. Gröger, P. Licandro, I. H. McQuinn, T. Pohlmann, and A. C. Tsikliras, “What happened in the 
mid-1990s? The coupled ocean-atmosphere processes behind climate-induced ecosystem changes in the 
Northeast Atlantic and the Mediterranean,” Deep Sea Research Part II: Topical Studies in Oceanography, vol. 159, 
pp. 130-142, 2019.

[224] S. Marullo, V. Artale, and R. Santoleri, “The SST multidecadal variability in the Atlantic–Mediterranean 
region and its relation to AMO,” Journal of Climate, vol. 24, no. 16, pp. 4385-4401, 2011.

[225] D. Macias, E. Garcia-Gorriz, and A. Stips, “Understanding the causes of recent warming of Mediterranean 
waters. How much could be attributed to climate change?,” PLoS One, vol. 8, no. 11, p. e81591, 2013.

[226] E. Azzurro, P. Moschella, and F. Maynou, “Tracking signals of change in Mediterranean fish diversity based 
on local ecological knowledge,” PloS one, vol. 6, no. 9, p. e24885, 2011.

[227] Dionysios E. Raitsos et al., “Global climate change amplifies the entry of tropical species into the east-
ern Mediterranean Sea,” Limnology and Oceanography, vol. 55, no. 4, pp. 1478-1484, 2010, doi: 10.4319/
lo.2010.55.4.14781478.

[228] A. C. Tsikliras, P. Licandro, A. Pardalou, I. H. McQuinn, J. P. Gröger, and J. Alheit, “Synchronization of 
Mediterranean pelagic fish populations with the North Atlantic climate variability,” Deep Sea Research Part II: 
Topical Studies in Oceanography, vol. 159, pp. 143-151, 2019.

[229] G. Pe’er et al., “A greener path for the EU Common Agricultural Policy,” Science, vol. 365, no. 6452, pp. 
449-451, 2019, doi: 10.1126/science.aax3146.








	Abbreviations 
	Executive summary 
	1 Scope and objectives
	2 Geographic setting 
	3 �Food ecosystems and climate change 
	3.1 Livestock 
	3.2 Food security and crop systems
	3.3 Land degradation 
	3.4 Fisheries and aquaculture
	3.5 Gaps in knowledge

	4 The policy landscape
	4.1 �United Nations Climate Policy and Governance: Synopsis 
and guidance
	4.2 Climate change and the EU’s Common Agricultural Policy
	4.3 Climate change and crop production in the Arab region

	5 �Proposed policy and research initiatives 
	5.1 Policy proposals
	5.2 Research proposals

	6 Recommendations 
	References
	Box 1. Application of water-deficit irrigation on selected 
crops in four Arab countries
	Box 2. Impact of changing CO2 concentration on crop yields
	Box 3. The principles of climate-smart plant protection management
	Box 4. International research on ecosystem services and soil biodiversity 
	Box 5. The Arab Centre for Climate Change Policies
	Box 6. Main findings of the AquaCrop/RICCAR simulation for five Arab countries
	 Box 7. Coordinated policy development on food 
and water security in the Arab region

