International Journal of Science, Environment
and Technology, Vol. 7, No 5, 2018, 1495 – 1508

ISSN 2278-3687 (O)
2277-663X (P)

Review Article

WHY DON’T ADAPT TUNISIAN AGRICULTURE TO CLIMATE
CHANGE?
1. CLIMATE CHANGE AND AGRICULTURE IN TUNISIA
Pr. Leila Radhouane
National Institute of Agronomic Research of Tunisia
E-mail: leila.radhouane@gmail.com

Abstract: Agriculture is a major activity in Tunisia at the economic and social levels. Until
now, not all efforts have been enough to cope with ever-increasing food demand. This
situation will become more critical in the current context of climate change that is already
starting to impact agricultural production. In fact, agriculture is at a crossroad due to water
scarcity, climate change, population pressure and environmental degradation. Both predicting
the impact of climate change on agriculture, and finding ways to mitigate these changes,
requires diverse skills, expertise and experience.
Extensive agriculture represents 75% of agriculture farms but productivity of this type of
agriculture has been continuously very low. This situation will become more acute with the
adverse impacts of climate change, which will have a profound impact on human and ecosystems during the coming decades through variations in global average temperature and
rainfall. Agriculture performance is projected to drop in the future. In fact, with an increase in
temperature at a rate higher than the estimated global average and a larger precipitation
decreases, yields of many primary crops will be reduced. In addition, pressures from pests,
weeds, and diseases are also expected to increase. Climate change will also affect livestock
production in multiple ways, both directly and indirectly.
Sea level rise will cause temporary or permanent submersion of low coastal areas, accelerated
erosion and increasing saltwater intrusions. These impacts will significantly affect water
resources, natural ecosystems, coastal infrastructure, agriculture and tourism.
Keywords: Agriculture, climate change, desertification, Tunisia.
Introduction
Agriculture is a major activity in Tunisia at the economic and social levels. Until now, these
efforts have not been enough to cope with ever-increasing food demand. Indeed, Tunisia is
highly dependent on imports of basic agricultural products such as cereals, meat….
Agricultural trade balance of the region is negative because trade coverage reached 61% in
Tunisia [1].
The absence of a good rural transport infrastructure, the dry climatic, and soil conditions of
this region can partially explain this deficiency in agricultural production [2]. Despite the
significant development of irrigated areas due to the building of various categories of dams,
production of several crops, particularly grain yields are still very low. This situation will
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become more critical in the current context of climate change that is already starting to
impact agricultural production around the globe. In this context, [3] had reported that
agriculture is at a crossroad due to water scarcity, climate change, population pressure and
environmental degradation.
In fact, without productivity growth commensurate with demand growth, pressures to
increase the amount of land under cultivation for the production of food will increase. But,
there is a potentially vicious spiral of increased land use, increased global climate change
risk, and decreasing availability of land cultivatable at high levels of productivity.
Climatic constraints, especially the scarcity of water and land resources have always been
characteristic of Mediterranean agricultural systems. In fact, drought, which is the main
factor influencing crop production in semi arid and arid areas (like Tunisia) is already
impacting on natural systems and crop productivity and researchers need to act now to
mitigate climate change and to prepare for the future.
The question is how can improve crops management, enhance resilience to climate change
and contribute to adaptation strategies?
Both predicting the impact of climate change on agriculture, and finding ways to mitigate
these changes, requires diverse skills, expertise and experience.
What about agriculture in Tunisia?
Agriculture is a major activity in Tunisia at the economic and social levels. It represents 6%
of GDP, 10% of total investments, 11% of total exports and employs 16% of active
population [4].
In Tunisia, we have two kinds of agriculture: an extensive agriculture and an intensive one.
The first represents 75% of agriculture farms. It is executed by families and takes place in
very small lands (less than 10 hectares). The majority of farmers have, on average, more than
60 years. These farmers suffer from the weakness of infrastructure, a very low instruction
level, a tricky access to markets and transformation units as well as an absence of financial
subsidies. Combined with irregular rainfall and lack of access to equipment (average 159
tractors per 100 km2 of arable land), seeds and fertilizers, productivity of this type of
agriculture has been continuously very low [4].Even if it represents a small fraction of
national production, the extensive agriculture is important for many reasons. Indeed, paying
attention to this kind of agriculture allows government to reduce poverty and inequality,
guarantees equilibrium between rural and urban population as well as improve town planning
and economic growth.
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The second type that is intensive is led by capitalists with much tied link to local agribusiness
industry [2]. Despite these two types of agriculture, the trade balance of Tunisian agriculture
is still negative [1]. This situation will become more acute with the adverse impacts of
climate change, which will have a profound impact on human and eco-systems during the
coming decades through variations in global average temperature and rainfall [5]. Agriculture
performance is projected to drop in the future because of more frequent drought periods [6].
So, all dimensions of food security (availability, stability, utilization and access) will be
affected.
In Tunisia, 51% of the water resources are surface waters and 49% are underground waters
[7]. Water exploitation ranges from dams (20.5%) and groundwater resources (33.2%) to
deep water resources (46.3%).
Agriculture is the main user of land and the number one water consumer with a proportion of
83% of total available resources of the total national water consumption. As noted by
Horchani [8], 2100 million m3 of water are used for irrigation with an average consumption
per ha of approximately 5500 m3/year.
Irrigated area (8% of total cultivated land) constitutes an important pillar of the agricultural
economy because it provides 40% of the production, 10% of the exports (of the sector), and
27% of the workforce [4]. However, if the irrigation so far to increase and diversify
agricultural production and initiate a process of consolidation and promotion of family farms
in a natural environment binding, a multitude of constraints makes the extension of irrigation
increasingly problematic. The increase in irrigated areas has led to a rapid increase in
consumption of water for irrigation, so that the prospects of development of the sector remain
fundamentally linked to water availability. As such, it should be noted that, with a rate of
mobilization that exceeds 95%, Tunisia approaching the physical limits of water it can
mobilize. The limit is already reached for ground water that is subject to over-exploitation in
recent years. Besides water scarcity, its quality constitutes an additional problem because the
salinity of most water resources exceeds the international threshold for health and agricultural
uses [9]. Salinity would be increase in next decade as a result of overexploitation of
groundwater and intrusion of the seawater.
In Tunisia, the area of agricultural land is estimated at 10 million ha, divided between 5
million ha of arable land, 4 million ha of rangeland and 1 million ha of forest and scrubland
[4]. Tunisian agriculture remains focused in the crop sector, providing more than 80% of the
total value of the sector, the remaining 20% coming from the animal sector.
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Agricultural production in Tunisia is extensive and the main products are olive oil, citrus
fruit, cereals, dates, and several horticultural products.
The main rain-fed crops grown are cereals (mainly wheat and barley) that represent about
two-thirds of cultivated areas and 16% of agricultural production, followed by tree crops
(mainly olives) covering circa 40% of cultivated areas and representing 28% of agricultural
production and 60% of exported foods. The remaining is divided between forage crops,
vegetable crops, legumes and others [4].
Annual agricultural production and yield of mainly crops, especially cereals, can vary
significantly from year to year due to Tunisia's unpredictable and largely irregular rainfall
patterns [10].
Grain yields are still very low in Tunisia (1-2 t h-1) and are under the average yields in other
Euro-Mediterranean countries [11] and for MENA countries [4].
For the last two decades, Tunisia has been a net importer of agricultural products
[12]. Leading agricultural imports in 2016 were wheat ($474 million), soybeans ($204
million), corn ($110 million), vegetable oils ($185 million), sugar ($177 million), and barley
($110 million). The leading agricultural exports were olive oil ($407 million), dates
($227million), fish ($126 million), and citrus (($11million).
Organic agriculture is relatively new in Tunisia. However, in the last ten years, organic land
area, number of farmers, and crop diversification increased rapidly. With 155,323 hectares
under organic management, that represent 1.59 % of total agricultural area, Tunisia has now
one of the most developed organic sectors in Africa [13]. Since there is not yet a strong
domestic demand market for organic products, most of the production is directed to the
export market. Some of the farmers are producers and exporters at the same time.
About three quarters of organic land in Tunisia is dedicated to growing olives, many of which
are processed into oil. Organic olive farmers receive a price premium ranging from 10 to 20
% relative to non-organic products [14]. Other crops include dates, jojoba, almonds, fruits
and vegetables, honey and aromatic plants [15]. In recent years, organic livestock husbandry
in Tunisia has expanded significantly.
What about climate change in North Africa, especially in Tunisia?
North Africa is vulnerable to climate change impacts; particularly the south Mediterranean
regions have been qualified as the « hot spot » for climate change [16, 17]. Model projections
indicate a clear increase in temperature over the next 20 years that is expected to continue
throughout the 21st century, probably at a rate higher than the estimated global average [5]. In
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fact, the models associated with the A1B scenario predict an average rise in annual
temperatures that could reach 2.2 to 5.1°C by the end of the century, higher than the average
expected for the planet [18]. The rise should be greater in the interior than on the coasts [19]
at sea or in islands, and more noticeable in the summer (2.7 to 6.5°C) than in winter (1.7 to
4.6°C). Heat waves would then be more numerous, longer and more intense, with frequent
days of scorching heat, with all the repercussions that these events could have [20,21].
Paeth et al. [22] estimate that by 2050 surface temperatures in North Africa will increase by
approximately 1.5 to 2 °C and precipitation will decrease by 10 to 30% across many of the
desert areas of the region, with larger precipitation decreases along the coasts of Morocco,
Algeria and Tunisia.
North Africa would be particularly affected by droughts that would be more frequent, more
intense and longer-lasting [23]. Drought would be more marked in summer than in winter
[24]. Recent transient model runs for the 2020s suggest an overall decrease of between 1.5
and 7.3% [25,26] projections announce a drop of 4 to 27% in annual rainfall.
Severe drought is common in North Africa [27]. Prolonged droughts were reported in
Morocco and in Tunisia [28]. During the 20thcentury, Tunisiahas experienced severalsevere
droughts [29]. These droughts have not affected the different decades with the same
frequency. For example, the years 1950 and 1970 are distinguished by the appearance of low
dry years. In the years 1920, 1940,1960 and 1980 multi-years droughts was recorded with a
large spatial extension and a high rainfall deficit [30].
Over the last few decades the northern regions of North Africa (north of the Atlas Mountains
and along the Mediterranean coast of Algeria and Tunisia) have experienced a strong
decrease in the amount of precipitation received in winter and early spring [31]. The observed
record also indicates greater than 330 dry days (with less than 1 mm day rainfall) per year
over the 1997–2008 time period [32].
The water deficit, that represents a major stake for the countries concerned, will be worsened
by increased evaporation, the fact that resources will become scarcer and will be over
exploited, and that coastal aquifers will become more salty [33].
In addition, the rate of desertification would increase due to increases in erosion, salinization
and fire hazard and reductions in soil quality. As a result, the process of desertification is
likely to become irreversible. The economic and human costs of an increase in desertification
would be tremendous - even today, the annual costs of desertification in Tunisia is US$100
million [34].
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While desertification is in part a product of climate change, there are also important
feedbacks on local climate. In fact, land degradation tends to reduce soil moisture and this in
turn reduces evaporation resulting in increased maximum temperatures and lower rainfall
[35].
Reductions in vegetation have a similar effect as this reduces the amount of water captured
and then recycled through evapotranspiration to create rain. Analysis of temperature data for
this century shows that warming was nearly 0.2°C greater over dryland areas than over land
areas as a whole [36].
The rise in the sea level is still hard to predict at world level, and more particularly in the
Mediterranean basin. According to 2007 projections (IPCC)[37] which are considered to be
optimistic, it could rise by 23-47 cm by the end of the 21st century. Many Mediterranean
regions would then run a major risk of being submerged and eroded, among these; we can
cite the extreme cases of the Kerkennah and Kneiss archipelagos in Tunisia [38].
According to the GIEC [39] an elevation of the sea levels from 38 cm to 55 cm will occur in
Tunisia that could deeply affect the natural and fitted systems. Rising sea levels would bring
the risk of inundation, higher rates of erosion and increased saline intrusion. As a
consequence, some low-lying coastal areas would be lost through flooding or erosion, while
rivers and coastal aquifers would become more salty [40]. The ASLR can have important
harmful consequences on various economic sectors related to the sea or the coastline, as well
as on the physical and biological coastal environment and on human settlements [41]. A sea
level rise of 1 m would affect 5% of the population in Tunisia [42].
Several recent studies reported evidence of climate change in the last decades over the
Mediterranean and tried to foresee the expected trend and its impact on Mediterranean
agriculture in the future [43, 44, 45, 46].
Based on global climate projections and given inherent uncertainties, the most significant
impacts of climate change in North Africa (Morocco, Algeria, Tunisia, Libya, and Egypt)
will likely include the especially Water Resource Stress and Agriculture [47]. In this context,
[48] showed that increasing temperatures and declining precipitation over semi-arid regions
are likely to reduce yields of many primary crops in the next two decades. These changes
could have a substantial negative impact on global food security.
The effects of climate change could influence the viability and relevance of water
development policies, given that economic growth and development of the majority of
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Maghreb countries are closely related to water resources that contribute strongly to the
socioeconomic balance and gross domestic product.
Water is at the heart of the main expected impacts of climate change on the natural
environment in the Mediterranean [49]. In fact, all climate change scenarios in the
Mediterranean region reported that available water resources will decrease while irrigation
demand increases [50].
Water scarcity is endemic in North African regions, making these countries particularly
vulnerable to any reduction in supplies. For these regions, more than 40 percent reduction in
freshwater availability is suggested by the end of this century along the coastal areas [51].
In this context, The World Bank warned in 2004 [52] that Tunisia is one of 17 countries
where water resources will be an “absolute rarity” by 2025 and [53] estimated that 80% of
Tunisian available water resources would lost by 2040. This may have significant
implications for future availability of freshwater resources. Water scarcity, even in the
absence of climate change, will be one of the most critical problems facing North African
countries in the next few decades [54, 55].
Model simulations show a general decrease in rainfall across North Africa, with median
decreases in average annual precipitation of 12% and 6% projected for the Mediterranean and
Saharan regions, respectively [56]. This general drying trend for North Africa is punctuated
by seasonal variations in projected precipitation that differ by region. It is estimated that
Morocco and Algeria’s water resources will be reduced by 10-15% by 2020, Tunisia’s water
resources will decline by 28% by 2030, and 74.8% of Egyptians will have less than adequate
fresh water by the same year [22].
Predicted decreases in average annual rainfall, accompanied by projected increases in the
population of the region, may impede access to water for millions of inhabitants [16,
57].North Africa is particularly exposed to water shortages, particularly Tunisia as a whole
suffers from high water scarcity [58, 59].
An additional 155–600 million people may suffer an increase in water stress in North Africa
with a 3 °C rise in temperature. Competition for water within the region and across its
borders may grow, carrying the risk of conflict [60].
Conflicts over water, as have been observed in the past, are likely to surface between African
countries. In addition, low-efficiency surface irrigation practices may produce higher water
losses, decreases in land productivity, and increased salinization. Soil salinization, is
particularly pronounced in countries south of the Mediterranean, such as in large parts of
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Algeria, Libya, and Egypt and a few regions in Morocco and Tunisia. For example, in
Tunisia water quality is often a concern, as more than 30% of available water contains more
than 3g /l of salt [61].
The impact of the climate change on the Mediterranean agriculture is already evident in many
areas and especially in arid and semi-arid regions. The available evidence suggests that
climate change will have a deleterious impact on food production throughout the region,
increase prices and add to food insecurity in the southern basin. Tunisia is among countries
threatened by these phenomena and among the top 10 impacted countries in terms of
population affected and GDP loses [62]. The overall assessment of the costs of environmental
damage for water, air, soils and forests, coastlines and wastes amounts to an average of 2.5%
of GDP [63]. It shall be noted that the key position of Tunisia between the tempered regions
of the Northern Hemisphere and the inter-tropical regions grant its climate a special
variability. Such a characteristic makes Tunisia a country particularly vulnerable to Climate
Change [64].
In many developing countries, a central pillar of the economy is agriculture, which is largely
dependent on the climate [65, 66]. Several recent studies reported evidence of climate change
in the last decades over the Mediterranean and tried to foresee the expected trend and its
impact on Mediterranean agriculture in the future [45,46,67]. Adaptation measures suited to
local circumstances and productive systems must be identified; such measures included, inter
alia, the development of improved seed varieties adapted to new agro-climatic conditions,
heat and/or water stress and exposure to different pests [68].
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