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nécessite de caractériser finement les effets des épandages, 
notamment indirects : conséquences de l'augmentation du taux de 
MO dans les sols, émissions de GES associées aux pratiques… 

Concernant l’innocuité de la pratique, les délais à respecter avant 
remise à l'herbe des animaux ou avant la récolte des cultures 
constituent un levier d'action important à court terme pour limiter la 
contamination de la chaîne alimentaire. A plus long terme, il serait 
important de prédire les effets d’apports répétés de Mafor sur les 
teneurs en contaminants dans les sols, leur biodisponibilité pour les 
cultures et les animaux, et leur mobilité dans les sols. Pour cela, les 
essais de longue durée en plein champ pourraient nourrir des 
modèles prédisant sur le long terme les dynamiques associées des 
matières organiques et des contaminants dans les sols, et testant 
d’autres scénarios d’usage des Mafor. 

5.3. Gestion territoriale et prise en compte des acteurs 

L’ESCo a montré le peu de travaux récents sur les effets 
économiques de l’usage des Mafor ou son acceptabilité par 
différents acteurs. Aucune étude économique récente n’a été 
publiée sur les marchés qui concernent des Mafor. Pourtant des 
transferts de Mafor entre régions françaises existent déjà, ainsi 
que des importations depuis d'autres pays européens. Quelques 
travaux épars existent sur la balance coût/bénéfice de cette 
pratique ; des résultats supplémentaires apporteraient des 
éléments de réflexion sur l’intérêt de développer de telles filières 
de traitement, transport et commercialisation des Mafor entre 
régions excédentaires et régions déficitaires en ressources.  
Par ailleurs, la valorisation des Mafor d’origine urbaine ou 
industrielle constitue un moyen de substitution des engrais 
minéraux dans les régions péri-urbaines et/ou déficitaires en 
élevage. L'acceptabilité des acteurs directement concernés se 
joue sur les questions de risque, de nuisance et d'équité.  

5.4. Poursuivre les recherches sur les contaminants 

L'innocuité des Mafor ne se pose pas de la même manière selon 
les Mafor car elles ne sont pas toutes susceptibles de contenir les 
mêmes contaminants (Tableau 2). Certaines Mafor sont encore 
peu documentées sur le plan de leur innocuité (cas des effluents 
industriels et de nombreuses Mafor "produits"). Les métabolites 
issus de la dégradation des contaminants restent à étudier. Par 
ailleurs, des contaminants émergents tels que les nanoparticules, 
susceptibles d'être présentes dans les effluents et déchets 
urbains, commencent à être étudiés. 

Tableau 2. Principaux types de contaminants susceptibles  
d'être présents dans certaines Mafor 

Mafor 
Types de contaminants 

Agents biologiques ETM CTO 

Effluents 
d’élevage Pathogènes associés 

aux matières fécales 
Bactéries résistantes 
aux antibiotiques 

Cuivre, zinc 
Molécules pharmaceutiques 
(antibiotiques, hormones) 

Boues 
d'épuration 
urbaines 

Cuivre, zinc, autres 
ETM 

Large spectre dont 
molécules pharmaceutiques 

Composts 
urbains 

Pathogènes associés 
aux végétaux ou aux 
résidus de cuisine 

Large spectre Résidus de pesticides 

Large spectre 
Large spectre (résidus de 
pesticides si déchets verts) 

Cendres Absence 
Large spectre selon la 
nature du combustible 

HAP produits lors de 
l'incinération 

Sédiments 
Bactéries résistantes 
aux antibiotiques ? 

Large spectre HAP, PCB avérés 

 
Pour garantir l’innocuité des produits agricoles, la règlementation 
doit considérer l’ensemble des risques sanitaires induits par les 
différents contaminants apportés par les Mafor. Ces risques 
dépendent principalement de la composition des Mafor et des 
doses cumulées apportées. Ils ne sont pas modifiés par le statut 
juridique ("déchet", "produit", "sous-produit") des Mafor. Les 
critères règlementaires doivent donc apporter une réponse 
adaptée à ces risques et ce quel que soit le statut des Mafor. Si 
les critères actuels de flux d’apport pour un usage agronomique 
"normal" semblent suffisants pour garantir l'innocuité des matières 
premières destinées à la consommation humaine sur le plan des 
contaminants réglementés, la décision de mettre en place des 
critères d’innocuité pour de nouveaux contaminants ou des 
niveaux de seuils plus stricts nécessite de réaliser une évaluation 
des risques sanitaires sur la base des éléments rassemblés dans 
cette ESCo. 
 
 
 

Pour en savoir plus : 

Houot S., Pons M.N., Pradel M., Caillaud M.A., Savini I., Tibi A. 
(éditeurs), 2014. Valorisation des matières fertilisantes d'origine 
résiduaire sur les sols à usage agricole ou forestier. Impacts 
agronomiques, environnementaux, socio-économiques. Expertise 
scientifique collective, Inra-CNRS-Irstea (France). 
Une version provisoire du rapport d'expertise est disponible sur les sites 
internet de l'Inra, du CNRS et d'Irstea. La version définitive la remplacera 
à l'automne 2014. Une vidéo du colloque de restitution de l'ESCo est 
également en ligne. 

 
 

Organisation et principes de l’expertise scientifique collective (ESCo) 

L'ESCo est une activité d'expertise institutionnelle, régie par la charte nationale de l'expertise à laquelle l'Inra, le CNRS et Irstea ont adhéré en 2011. Elle se 
définit comme une activité d’analyse et d’assemblage de connaissances scientifiques produites dans des champs très divers du savoir, et pertinentes pour 
éclairer l’action publique. Cet état des connaissances le plus complet possible, et son analyse, ne fournit ni avis, ni recommandations, ni réponses 
opérationnelles aux questions qui se posent aux gestionnaires. 

L'analyse est conduite par un collectif pluridisciplinaire d'experts chercheurs d’origines institutionnelles diverses. Pour l'ESCo "Mafor", conduite par la DEPE 
(Inra), une trentaine d'experts français et étrangers issus de différents organismes ont été mobilisés, leurs compétences relevant de l’agronomie, de la chimie, de 
la microbiologie, de l'écotoxicologie, de l’économie, de la sociologie, du droit… Le travail des experts s’est appuyé sur un corpus bibliographique d'environ 3000 
références, composées essentiellement d’articles scientifiques auxquels se sont ajoutés des statistiques, des rapports d'étude et des ouvrages. Cet exercice se 
conclut par la production d'un rapport qui rassemble les contributions des experts, et d'une synthèse à l'usage notamment des décideurs. 
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The Middle East – North Africa region (MENA) is characterized by a particularly high level of dependence on agricultural imports: 40% of its needs 
for agricultural products are currently being met by imports, while its dependence on cereal imports is among the highest in the world. Over the 
course of the past several decades, a combination of demographic growth and changes in dietary habits has led to a marked increase in food 
requirements. Although agricultural production in the region has increased substantially over the same period, it has been unable to keep pace with 
the increase in demand, partly because of limitations in terms of soil and climate and partly because of limitations in terms of agricultural policy. 
Regional dependence on agricultural imports is likely to continue to escalate in the foreseeable future, both as a result of ongoing demographic 
expansion and changes in eating habits and as a result of climate change impacts in a region already recognized as a climate “hot spot.”  

As a global region, the MENA region is both geopolitically complex and highly strategic. Agricultural imports place a significant burden on state 
budgets, and agri-food policies in the region continue to struggle with urban and rural poverty. In this situation, it is important to understand which 
factors within the regional agri-food system are most likely to contribute to – or, on the contrary, might help mitigate – a continued increase in 
agricultural import dependence.   

It is for these reasons that Pluriagri has commissioned, and INRA has undertaken, the study summarised here. The project began by examining 
historic trends (from 1961 to 2011) with regard to the resource-use balance of the regional agri-food system. Next, it analysed several potential future 
scenarios for the region through the year 2050. To construct the scenarios, the study made use of simulation tools that take into account the 
anticipated effects of climate change as well as such factors as technical innovation, improved use of irrigation, contrasting patterns in eating habits, 
and differential changes in demographic and economic development. These simulations suggest that dependence on agricultural imports is likely to 
continue to increase in the region, especially if the effects of climate change are pronounced. Taken individually, none of the three mechanisms 
proposed for reducing agricultural import dependence (improved agricultural productivity, moderation of dietary habits, or a reduction in food waste) 
is capable of correcting this trend in the Maghreb, the Middle East, or the Near East. Such mechanisms may be effective in Egypt, however, and 
have the potential to strengthen Turkey’s role as a net agricultural exporter.  

In addition to the political conflicts and tensions affecting the area, 
the MENA region (an area of 13 million sq km, or 10% of total 
global land area) is notable both for its high percentage of arid 
and semi-arid lands, characterized by low agricultural productivity, 
and for its rapid demographic expansion, with a population that 
has increased by a factor of 3.5 in fifty years – from 139 million 
inhabitants in 1961 to 496 million in 2011 (Figure 1). A key 
challenge for the region thus lies in its ability to meet its food 
needs. 

As S. Abis (2012) has put it, this region of the world is a 
“magnifying glass for global food challenges and [… the] 
barometer for the competition in which the planet’s major 
agricultural actors are engaged”.12 

Figure 1  – The MENA region and its sub-regions (2011 data; “food 
dep.” = dependence on imports [percentage of kilocalories consumed that 

are supplied by food imports]) 

 

																																																													
1	Pluriagri is an association of representatives of the commodity sector (including 
Avril, the Confédération générale des planteurs de betteraves [the French 
Confederation of Sugar Beet Producers], and Unigrains) together with Crédit 
Agricole S.A. (a major bank), supporting foresight studies of agricultural markets 
and policies.	
2	Abis S., 2012. Pour le futur de la Méditerranée, l’agriculture. Paris: L’Harmattan, 
150 pp.	

Agricultural imports currently supply 40% of regional 
food requirements and are increasing rapidly 

Demand for agricultural products increased sixfold from 1961 
to 2011 

The region’s dramatic growth in population is in large part 
responsible for its increased demand for food and other 
agricultural products. But the impacts of demographic expansion 
have been heightened by the changes in eating habits that 
typically accompany economic development and rapid 
urbanisation. In the MENA region, these dietary changes include a 
pronounced nutritional transition together with the maintenance of 
certain features of the Mediterranean diet. On the one hand, daily 
caloric intake has increased sharply, reaching  3,200 to 3,700 
kcal/pers/day in some areas (average caloric intake remains lower 
in the Middle East due to its recent history; see Figure 2). A 
significant increase in the importance of vegetable oils and sugary 
foods in the diet has also taken place, along with a notable 
reduction in the consumption of traditional cereals (Figure 3). On 
the other hand, changes in dietary habits differ from the “Western” 
model in the extremely low amounts of animal foods consumed 
(which have levelled out at 10% of caloric intake); by the 
continued although diminishing importance of cereals (currently 
around 55%); and by the steady consumption of fruits and 
vegetables (just under 10% of total caloric intake). 

Figure 2 – Daily caloric intake in the MENA region  
and its 5 subregions, 1961-2011 and as projected through 2050 

(“food availability” as defined by the FAO, in kcal/person/day) 

 
Sources: FAOStat & GlobAgri-Pluriagri 
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The nature of the animal products consumed is also changing. 
While consumption of dairy products remains significant, its 
importance is diminishing and is being replaced by an increased 
consumption of poultry products (poultry meat and eggs). 
Together with changes in livestock production practices, this shift 
in the type of animal products consumed has spelled a shift in 
demand for animal feed materials. Reduced reliance on grazing 
and the spread of “intensive” livestock production systems has 
resulted in an increased use of maize and protein meals 
(especially soyameal) in animal rations, to the detriment of cereals 
such as barley, oats, and to a lesser extent wheat. Demand for 
crops for use as animal feed has increased eightfold over the time 
period examined vs. fivefold for crops destined for human 
consumption. 

Taken together, these trends have led to a sixfold increase in 
demand for agricultural products in the region over a period of fifty 
years. 

Despite strong gains, agricultural production has not kept up 
with demand 

Although crop production in the region has increased dramatically, 
amounting to a fourfold increase in fifty years, it has been unable 
to keep pace with these changing demographics and food 
requirements. For cereal crops in particular, significant and lasting 
yield gains have only been achieved in Turkey and Egypt. The 
Middle East, the Near East, and the Maghreb remain well behind 
in terms of cereal yields and output, with the Maghreb and the 
Near East also experiencing high interannual variability in terms of 
yields.  

The nature of the crops grown, moreover, has changed little over 
time and in this way has failed to keep pace with evolving food 
and feed requirements. Cereals continue to occupy a central 
place in regional agricultural production, accounting for between 
65% and 70% of total crop output (in terms of kilocalories), with 
wheat remaining the most important crop. Other cereals, primarily 
barley and oats, have diminished in importance, while maize has 
increased. Production of oilseed crops has fallen, meanwhile, due 
to their greater availability on international markets, while 
production of sugar-producing crops and of fruits and vegetables 
has increased. The latter have been the focus of specific policies 
intended to boost production, in part for export markets.  

Figure 3 – Dietary composition in the MENA region by decade  
from 1961 to 2011 and as projected through 2050  

(expressed as a % of kcal per person) 

	
Sources: FAOStat & GlobAgri-Pluriagri 

 

Quantities of animal products produced locally have increased 
fivefold, and have changed in nature to some extent: a continued 
importance of dairy production and a reduction in the rearing of 
small ruminants has been accompanied by the appearance of 
intensive poultry operations producing large quantities of eggs 
and poultry meat (tonnages of which have increased by a factor of 
26). These shifts in animal production have led to a reduction in 
grassland and a weakening of the region’s pastoral tradition. 

Severely limited land and water resources 

Increases in agricultural productivity in the MENA region must be 
considered in conjunction with the severely limited nature of the 
key agricultural resources of cultivable land and water. 

Out of the 1,300 million hectares making up the region, only 
84 million hectares were in cultivation in 2011 (including arable 
land and perennial crops), with another 362 million hectares in 
permanent pasture. Land in cultivation increased by 11% between 
1961 and 2011; permanent pasture by 27%. Compared with lands 
considered “cultivable” by agronomists (Classes 1 through 4 
according to the Global Agro-Ecological Zones classification, or 
GAEZ),3 cultivated land area in the region is already well in 
excess of cultivable land area: more than half of land currently 
cultivated is considered “non-cultivable” according to its GAEZ 
classification. Irrigation accounts for some of this discrepancy, 
notably in Egypt, where none of the country’s 3.5 million cultivated 
hectares (all of them irrigated) are classed as “cultivable”. In the 
four other sub-regions, the contribution of low-quality land to 
cultivated land area is also significant: 44% of cultivated land in 
the Maghreb, 43% in the Near East and 42% in the Middle East 
corresponds to land area classed as low quality according to the 
GAEZ. Even Turkey appears to have reached its limit in terms of 
“cultivable” land area, with 5% more land in cultivation than it has 
“cultivable” land according to the GAEZ. Moreover, and probably 
in connection with this use of low-quality land, the soils of the 
region are subject to strong processes of degradation, including 
natural erosion, chemical degradation, and the risk of salinisation.  

Although Turkey and (within the Middle East) Iran present 
something of an exception, the region is likewise characterized by 
low precipitation and growing concerns with regard to water 
management. Land areas equipped with irrigation increased from 
15% to 34% of cultivated land over the course of the period under 
consideration, and competition for water with other uses, including 
industrial and urban use, is becoming more intense. Most 
countries in the region have passed the threshold of 80% usage of 
renewable water resources, suggesting that the limit on this 
essential resource has been reached (or even exceeded, as in 
some areas of the Arabian Peninsula).  

Increased dependence on food imports 

As gains in agricultural production have failed to keep pace with 
rising food requirements in the region, the imbalance has been 
made up by an increased reliance on international markets to 
meet human and animal food requirements: net dependence on 
agricultural imports4 has thus increased from 10% to 40% in fifty 
years, with significant variation among sub-regions (cf. Figure 6). 
Between the beginning of the 1960s and the end of the 2000s, the 
Maghreb and the Middle East thus saw their levels of import 

																																																													
3 See the FAO Web site: <http://www.fao.org/nr/gaez/fr/>. 
4 Percentage of net imports (imports minus exports) within total domestic 
consumption. 
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dependence increase from 10% to 54% and from 15% to 50%, 
respectively. In the Near East, where import dependence already 
stood at 40% at the beginning of the time period under 
consideration, a similar level was reached by the end of the 
2000s. Egypt shows lower levels of agricultural import 
dependence, but nevertheless moved from 10% to 30% over the 
same time period. Turkey is the exception within the region, with a 
historically low coefficient of agricultural import dependence that 
has reached 10% only in the past few years.  

Because of the composition of human diets and animal feeding 
requirements, cereals and oilseed/protein crops account for the 
largest share of regional agricultural import dependence. As a 
region, the MENA region has become one of the biggest net 
importers of cereals in the world, with imported tonnages having 
increased fifteenfold over the period under consideration. Wheat 
is the most imported cereal, with net imports having increased 
from 5 to 44 million tonnes. Maize is now in second place, with 23 
million tonnes imported in 2011 (vs. 300,000 tonnes in 1961), 
followed by “other cereals”, at 12 million tonnes (vs. 900,000 
tonnes in 1961). Imports of oilseed and protein crops have also 
increased sharply, from approximately 1 million tonnes in 1961 to 
nearly 30 million tonnes today. These include both vegetable oils 
for human consumption and oilseed and protein meals for animal 
consumption. Imports of sugar products have increased fifteenfold 
over the period studied and currently stand at 12 million tonnes, 
for a dependence level of 37%.  

Historically supplied for the most part by Europe and North 
America, these considerable quantities of agricultural imports 
have gradually come to include other global suppliers, particularly 
South America for oilseed and protein crops and the former Soviet 
countries for cereals.  

Some countries and sub-regions, such as Turkey and the Middle 
East, also export considerable quantities of agricultural and food 
products. For the most part these exports are made up of fruits 
and vegetables, with the addition of rice in the case of Egypt and 
wheat in the case of Turkey. 

Between now and 2050, the continuation of existing 
trends will exacerbate agricultural import dependence 
in the Middle East, the Near East, and Egypt 

In this context, we used the GlobAgri-Pluriagri model (see box on 
page 5) to simulate the effects on agricultural production levels 
and trade of a projection of different elements of the regional agri-
food situation through the year 2050. 

Cultivated land requirements could increase by 71% (relative 
to 2008) in response to mounting food needs 

According to the median projection made by the UN in 2012, the 
population of the MENA region will rise from 464 million 
inhabitants in the reference year 2008 (average 2007-2009), to 
704 million inhabitants in 2050, or an increase of 50%.4 Thus the 
increase in food requirements resulting from population growth 
alone – if dietary habits, crop and animal yields, and reliance on 
agri-food imports remained unchanged – would lead to a 47% 
increase in cultivated land area requirements in the region. The 
Middle East and the Near East would be particularly strongly 

																																																													
4 The 2015 revision of the UN projections arrives at a higher median value (750 
million inhabitants in 2050), nearer to the “high” projection figure cited by the 2012 
report.			

affected in this scenario, with cultivated land requirements rising 
by 66% in the Near East and by 62% in the Middle East (cf. 
Figure 4, “Population Effect” vs. “2008”). 

Cultivated land requirements will increase further as a result of 
changes in dietary habits. If past trends continue, average daily 
caloric intake in the MENA region in the year 2050 will be 
equivalent to current levels in European countries (3,700 
kcal/inhabitant/day), with the exception of the sub-region of the 
Middle East, where levels are projected to reach just 3,000 
kcal/person/day (Figure 1). In keeping with existing trends, the 
percentage of plant products in the diet will remain high and 
stable, around 90%; within this part of the diet, there will be a 
diminishing importance of wheat and an increasing importance of 
maize, vegetable oils, and fruits and vegetables (Figure 3). The 
increased consumption of poultry meat will continue, with a slight 
reduction in the consumption of milk and other dairy products. 
Using these hypotheses combined with the demographic 
projections cited previously, and keeping yields and import 
dependence steady, the need for land in the region will increase 
by 71%, with two-thirds of this increase attributable to population 
growth (Figure 4, “Population + Food Effect”). 

Figure 4 – Cultivated land area requirements through 2050, initial 
situation 2007-09 (“2008”) and according to projected scenarios 

(in thousands of hectares) 

	
 

  2008: initial situation (2007-2009) 
   

  Population Effect: median UN projection (2012 edition) 
   

  Population + Food Effect: above scenario + projected dietary habits in 
  keeping with trends over the past 20 years 
   

  Population-Food Effect + Yields_1: above scenario + projected yields 
  in keeping with trends over the past 20 years 
   

  Trends Scenario: above scenario with limits on cultivated land area 
   

  Population-Food Effect + Yields_2: “Population + Food Effect” + yield 
  projections taking into account severe climate change impacts (RCP-8.5) 
   

  Trends Scenario with increased climate change impacts with limits on 
  cultivated land area and taking into account severe climate change

impacts (RCP-8.5) 
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The GlobAgri-Pluriagri model 

GlobAgri is an information system and quantitative modelling tool used by INRA and CIRAD to analyze agricultural resource use and availability at the 
global and regional levels. Using the FAOStat database and a few sources of complementary data, GlobAgri-Pluriagri divides the MENA region into five sub-
regions (Figure 1); the rest of the world is divided into 12 regions. For each of these 17 regions/sub-regions, the model then establishes a material balance 
for 36 agricultural products in which domestic production plus net imports (imports minus exports) equals the sum of uses of the product for human 
consumption, animal consumption, and other uses, plus losses (mainly associated with transformation phases) and variations in stocks.  

Since the model does not include economic variables, levels of production and consumption do not adjust according to the economic behavior of producers 
and consumers. Consumption levels are instead set a priori by the modeller, along with certain production factors such as crop and livestock yields. 
Adjustments are then made to determine the levels of imports, exports, and domestic production necessary to achieve equilibrium between resource 
availability and resource use. To do so, two constraints are introduced: the first ensures that, at the global level, the sum of all imports equals the sum of all 
exports; the second imposes a maximum cultivable land area for each region.  

In cases where the limit on cultivable land area is reached, equilibrium must be achieved by reducing exports (i.e., the percentage of the global market 
supplied by the region) and/or increasing imports (i.e., the coefficients of import dependence). In the case of the MENA region, the model did not adjust 
quantities exported via a reduction in the percentage of the export market, these being supposed to be stable given the specificity of the production types 
involved (mainly fruits and vegetables).  

If limits on cultivable land area are not reached, the region will retain its share of the global export market and its coefficient of import dependence will be 
calculated according to the initial situation, with domestic production being adjusted as necessary to achieve equilibrium. The model thus implicitly supposes 
that trade between a given region and the rest of the world is not always readily adjustable, but rather will present a certain degree of rigidity. This inflexibility 
can result in situations in which the freeing up of cultivable land may coincide with maintenance of a certain level of imports.  

 
Pursuit of improved yields will only partially compensate for the 
need for more cultivated land, giving rise to further dependence 
on agricultural imports 

Next, we can consider a scenario in which existing trends in 
agricultural production continue, notably an ongoing increase in 
agricultural yields, especially crop yields. By 2050, these have the 
potential to double relative to yield levels at the beginning of the 
time period considered here. In terms of animal outputs, the 
available data combined with a continuation of the trend toward 
more intensive production systems suggest relatively limited gains 
in animal productivity. Taken together, these projected gains in 
agricultural output have the potential to compensate either entirely 

or in part for increased land requirements linked to rising food 
needs in the region (Figure 4, “Population-Food Effect + Yields_1”).  

This compensation will be partial in the Middle East, the Near 
East, and in Egypt, where limits on cultivable land area and thus 
domestic food production capacity will give rise to a net increase 
in imports (Figure 4, “Trends scenario”). Thus despite an 
expansion in agricultural production, particularly in the Middle 
East, agricultural imports in these three sub-regions will increase 
considerably relative to the initial situation: by a factor of 2.7 in 
Egypt; a factor of 2 in the Middle East; and a factor of 1.8 in the 
Near East (Figure 5). The rise in import dependence in these sub-
regions will be especially pronounced with regard to wheat and 
poultry meat. 

Figure 5 – Agricultural production  and imports  in Egypt, the Maghreb, the Middle East, the Near East and Turkey  
according to the projected scenarios 
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In the Maghreb and Turkey, gains in agricultural production are 
likely to outpace demand 

In the Maghreb and Turkey, by contrast, when projected gains in 
crop and livestock productivity are introduced into the scenario, a 
potential freeing up of cultivated areas is observed (Figure 4, 
“Trends scenario” vs. “2008”). For these two areas, when the 
production gains obtained through this simulation are combined 
with the additional productive capacity of the land thus made 
available, the agricultural output of the Maghreb could double by 
2050, while that of Turkey could increase by 60% relative to the 
initial situation of 2007-2009. These gains would in turn enable 
the Maghreb to reduce its previously high level of imports by 4-5 
percentage points, while Turkey could supply all its domestic 
needs and become a net exporter of agricultural products.  

Assembling all the elements of this “Trends scenario,” in which 
demand for agricultural products increases more rapidly than 
foreseeable gains in agricultural production, suggests that the 
region’s overall agricultural import dependence will rise by 39% to 
49% by 2050 (Figure 6). The sub-regions most strongly affected 
by this trend will be the Middle East and Egypt, with coefficients of 
dependence at the end of the time period of 53% (vs. 51% today 
in the Middle East and 30% in Egypt), and the Near East, with 
62% dependence (vs. 50% today). Only the Maghreb and Turkey 
will be able to expand agricultural production faster than domestic 
demand, enabling the Maghreb to reduce its dependence on 
imports and Turkey to become a net exporter.  

Figure 6 – Net import dependance of the MENA region  
and its five sub-regions in 1961, in 2008, and in 2050  

for each projected scenario 
(% net imports within total domestic consumption, in kilocalories) 

 

 

Impacts of increased climate change 

Trends scenario including climate change impacts  

In the “Trends scenario” described above, the hypotheses applied 
to the different elements of the regional agri-food system include 
the impacts of climate change as they have been experienced 
over the past twenty years. These effects are still relatively mild, 
however, whereas the Fifth Report of the IPCC states with a 
growing level of certainty that both the magnitude and the impacts 
of climate change are likely to become more severe. The 
scientific literature agrees, moreover, that the MENA region will 

potentially be among those global regions most heavily affected, 
beginning before 2050. The impacts of global climate change will 
put a brake on projected yield increases, particularly crop yields, 
and will further restrict available land area through a combination 
of rising temperatures and reduced rainfall, leading to an increase 
in areas subject to desertification. 

To address these potentialities, we decided to consider the most 
extreme case projected by the IPCC, corresponding to a radiative 
forcing of 8.5 W/m² (RCP-8.5); or, in other words, the probable 
outcome if international agreements and mitigation policies to 
address climate change are unable to slow the global processes 
currently underway. Making use of the available literature, which 
is extensive with regard to the effects on crop yields but more 
limited with respect to effects on cultivable land area, we adjusted 
the hypotheses relative to the agricultural system components so 
as to construct a “Trends scenario including climate change 
impacts”. Compared to the previous scenario, crop yields 
obtained from rainfed agriculture in the year 2050 under these 
circumstances are reduced by 10-20%, depending on the specific 
crops and sub-regions. Supposing a continued availability of 
water for irrigation means that yields and cropping areas will 
change for rainfed agriculture only, with yields and land area for 
irrigated agriculture remaining the same. In this case, cultivable 
land area and crop yields for Egypt will remain unchanged.  

The Maghreb will be the most seriously affected area, losing close 
to half of its cultivable land area between now and 2050. The Near 
East will also be strongly impacted, losing a quarter of currently 
cultivated area. Cultivable land area will remain unchanged in the 
Middle East, however, with climate change having only a weak 
effect on agronomic potential in this sub-region. Given its distinct 
geography (a more northern position, mountainous areas, more 
favourable hydrography), Turkey may see a significant increase in 
cultivable land area, amounting to 3.6 million hectares by 2050, or 
15% of currently cultivated land.  

The Maghreb will be especially heavily impacted, and only 
Turkey is likely to avoid an increase in agricultural import 
dependence  

According to this new group of hypotheses, the level of crop 
production in the Maghreb will be severely impacted, with 
projected output in 2050 just half that arrived at in the previous 
“Trends scenario”, and indeed less than its current level (Figure 
5). Projected gains in crop yields will likewise be reduced in the 
Near East and in the Middle East, although to a lesser degree.  

It should be noted however that in each of these three areas, the 
deterioration of conditions for agricultural production will not result 
in an increase in crop imports. Rather, it is animal product imports 
that will increase significantly, accompanied by a corresponding 
reduction in domestic animal production compared to the previous 
“Trends scenario”. The model reacts as if – in order to limit their 
levels of import dependence – these areas would reduce imports 
of crop products destined for animal consumption and thereby 
slow further development of intensive livestock production, 
preferring instead to import more animal products directly. This 
reaction of the model to the addition of severe climate change 
impacts calls into question the long-term viability of the strategy, 
widely adopted in the region, of the development of intensive 
livestock systems based on imported crop products.  

The severe deterioration of the conditions of agricultural 
production in the Maghreb will result in a sharp increase in its 
dependence on imports, passing from 54% to 68% of domestic 
consumption by the year 2050 (Figure 6). The tendency toward 
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increased dependence on agricultural imports in the sub-regions 
of the Middle East and the Near East is further confirmed relative 
to the previous scenario, with coefficients of import dependence 
reaching 64% and 67%, respectively. 

Within this rather bleak overall picture, Turkey appears once 
again as the exception, with the beneficial impacts of climate 
change in terms of cultivable land area compensating for the 
negative impacts in terms of yields within rainfed agriculture. As a 
result, when climate change impacts are compared to the 
previous “Trends scenario”, Turkey slightly strengthens its 
position as a net exporter of agricultural products.  

A stagnation or even a reduction in agricultural labour 
productivity, suggesting a persistence of rural poverty 
through 2050 

For each of the scenarios examined above, we further sought to 
evalute impacts on labour productivity in the region. Although the 
data available on this subject is limited, we projected through 2050 
the effects of a continuation of trends observed with regard to the 
active agricultural population over the past twenty years. This 
projection leading to a pronounced increase in the number of 
agricultural workers, particularly in the Maghreb and the Middle 
East, the result is a relative stagnation of agricultural labour 
productivity in the “Trends scenario” and a reduction of agricultural 
labour productivity in the “Trends scenario with increased climate 
change impacts”, the difference between the two being attributable 
to a lowering of domestic agricultural production while the number 
of agricultural workers remains unchanged.  

Suggesting as it does a potential reduction in agricultural 
household income and thus a potential widening of the gap 
between agricultural and non-agricultural income, this result 
points to the possibility of the persistence or even the worsening 
(in both relative and absolute terms) of rural poverty in most areas 
of the MENA region. Once again the exception is Turkey, where 
high gains in agricultural labour productivity might be observed.  

What strategies are available to reduce agricultural 
import dependence in the region?  

Among the various hypotheses and alternative scenarios 
examined in this study, several, including more rapid population 
growth or a greater degree of Westernization in terms of dietary 
habits, would act to further aggravate the situation of agricultural 
import dependence in the region. Here we will focus on three 
scenarios that instead offer ways of reducing the burden of import 
dependence: 

1. The “Technical progress” scenario. This scenario would 
affect certain aspects of agricultural output. Relative to the 
conditions of production as defined in the “Trends scenario with 
increased climate change impacts”, this scenario supposes the 
adoption of technical innovations, improved agronomic and 
zootechnical practices, and climate change adaptation strategies 
so as to make possible a 20% improvement in crop yields in both 
rainfed and irrigated agriculture, as well as a 20% gain in livestock 
production efficiency. Needless to say, such improvements would 
require the implementation of agricultural policies and the 
development of agricultural research tailored to such an outcome, 
and would involve considerable levels of investment, particularly 
to increase efficiency in irrigation management and to promote 
changes in agricultural practices, etc. 

2. The “Mediterranean diet” scenario. This scenario focuses 
more specifically on dietary habits, and proposes bringing caloric 
intake closer to nutritional recommendations (an average of 
2,800 kcal/person/day for all inhabitants in the region – vs. 
3,700 kcal/person/day in the two “Trends” scenarios everywhere 
except in the Middle East, at 3,000 kcal/person/day) while at the 
same time shifting dietary composition so as to eliminate the 
nutritional transition elements as observed in the region over the 
course of the past forty years – in other words, reducing the 
consumption of sugars, vegetable oils, and poultry meat to the 
levels observed in 1961-1963 while increasing consumption of 
cereals and the meat of small ruminants (Figure 3). Such a 
scenario would require vigorous implementation of nutritional 
policy measures with the joint aim of promoting broader public 
health objectives. 

3. The “Reduced waste and loss” scenario. This scenario 
addresses the waste and loss of primary agricultural products. 
Based on an assessment made by the FAO, the proposed scenario 
hypothesizes cutting in half the waste and losses suffered at each 
stage of the food chain from harvest through distribution and 
consumption. The end result is equivalent to a gain in crop yields of 
10% to 20% (depending on the crop) relative to the “Trends 
scenario with increased climate change impacts”, combined with a 
drop in food consumption of approximately 5%. Here again, such a 
scenario implies the adoption of the necessary policies to reduce 
food waste at the distribution and consumption levels, as well as 
any necessary investments to reduce losses at the edges of the 
fields.  

An integrated approach is essential to reducing agricultural 
import dependence in the Maghreb, the Near East, and the 
Middle East  

None of these three options, taken individually, would make it 
possible to significantly counterbalance the worsening of agricultural 
import dependence in the areas most affected. The “Technical 
progress” option, by being the most ambitious, would be the most 
favourable, reducing dependence in the Maghreb from 68.5% to 
62% and that of the Middle East from 64% to 57% (Figure 6). 
Second in terms of impact would be the “Reduced waste and loss” 
option, with the potential to reduce import dependence levels to 
64% in the Maghreb and 59% in the Middle East. The 
“Mediterranean diet” option would have a relatively weak impact on 
import dependence levels, but could nevertheless be beneficial in 
terms of its effect on public health. For the three sub-regions of the 
Maghreb, the Middle East and the Near East, which stand to be the 
most negatively impacted by increased agricultural import 
dependence in the context of severe climate change, only an 
integrated policy approach seeking to combine these three 
strategies will be effective in averting a worsening of their situation. 

A possible return to current levels of agricultural import 
dependence in Egypt  

In Egypt, the effectiveness of each of the three scenarios outlined 
above would be considerably greater, with any one of them 
having the potential to return the country to import dependence 
levels similar to those observed presently (Figure 6). The 
underlying mechanisms are different in each case: in the 
“Technical progress” option, improved productivity levels in both 
animal and crop agriculture are responsible for the reduction in 
agricultural import dependence; in the case of the “Mediterranean 
diet” option, it is the reduction in animal production that makes 
possible a reduction in crop imports; the “Reduced waste and 
loss” option, finally, enables both an increase in domestic 
agricultural production, particularly crop production, and a 
reduction in overall consumption of agricultural products.  
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